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CHAPTER 1 

I n t r o d u c t i o n 

T h i s r e p o r t summarizes the e f f o r t s of the P o r t S i n e s I n v e s t i g a t i o n 

P a n e l , funded by the N a t i o n a l S c i e n c e Foundation and headed by Dr. B i l l y h. 

Edge of Clemson U n i v e r s i t y , Clemson, South C a r o l i n a . The o b j e c t i v e s of 

t h i s p a n e l were t o c o l l e c t p e r i s h a b l e data on and to i d e n t i f y p o s s i b l e 

c a u s e s of the f a i l u r e on F e b r u a r y 26, 1978, of the r u b b l e mound breakwater 

a t P o r t S i n e s , on the A t l a n t i c c o a s t of P o r t u g a l . 

The s t r u c t u r e i s the l a r g e s t of i t s k i n d i n such an exposed e n v i r o n 

ment. The breakwater i s s i t u a t e d i n a p r e v i o u s l y u n t r i e d combination of 

u n u s u a l l y deep water (about 50 meters a t the seaward t e r m i n u s ) and a high-

energy marine s e t t i n g (the 100-year r e t u r n p e r i o d s i g n i f i c a n t wave h e i g h t 

was e s t i m a t e d t o be 11 m e t e r s ) . C o n s t r u c t i o n was n e a r l y complete when 

c r i t i c a l damage was s u s t a i n e d i n storm waves thought by most to be below 

t h e 11 meter s i g n i f i c a n t wave h e i g h t f o r which the s t r u c t u r e was designed. 

The damage c o n s i s t e d of the complete l o s s of some t w o - t h i r d s of the armor 

l a y e r of 42 ton* dolos u n i t s . At a few l o c a t i o n s the c o n c r e t e s u p e r s t r u c 

t u r e was s e v e r e l y damaged as a r e s u l t of undermining and of wave Impact on 

t h e f r o n t f a c e where l o s s of the dolos had o c c u r r e d . 

The breakwater was t o have s h e l t e r e d w i t h i n i t s r e a c h a port f o r an 

amb i t i o u s i n d u s t r i a l complex on which the economic f u t u r e of P o r t u g a l i s i n 

l a r g e p a r t p r e d i c a t e d . The p o r t i n c l u d e s b e r t h s f o r deepwater o i l t a n k e r s 

and t e r m i n a l s f o r l i q u i f i e d petroleum gas, ore c a r r i e r s and break bulk 

c a r g o . Had the S i n e s P o r t been f u l l y o p e r a t i o n a l when t h e damage occ u r r e d , 

the economic consequences would have been m u l t i p l i e d many times over. 

As t he world energy s e a r c h a c c e l e r a t e s , e n g i n e e r s w i l l be d e s i g n i n g 

more and more e n e r g y - r e l a t e d f a c i l i t i e s a long s h o r e l i n e s which may r e q u i r e 

deep water a c c e s s and may t h e r e f o r e i n v o l v e breakwater s t r u c t u r e s . The 

i n t e g r i t y of a s s o c i a t e d wave p r o t e c t i o n s t r u c t u r e s may have other than 

economic s i g n i f i c a n c e . 

The o b j e c t i v e of t h i s i n v e s t i g a t i o n , as d e l i n e a t e d i n the p r o p o s a l 

d a t e d March 1978 t o the N a t i o n a l S c i e n c e Foundation f o r the S i n e s i n v e s t i 

g a t i o n , was t o c o l l e c t p e r i s h a b l e data t h a t c o u l d be used i n subsequent 

s t u d i e s t o e v a l u a t e f i v e s i m p l i f i e d f a i l u r e p o s s i b i l i t i e s : 

* m e t r i c tons 



(1) t h a t d e s i g n c r i t e r i a were exceeded by the F e b r u a r y 1978 storm; 

(2) t h a t the breakwater c o n s t r u c t i o n was f a u l t y ; 

(3) t h a t the m a t e r i a l s used f o r breakwater c o n s t r u c t i o n were sub

st a n d a r d ; 

(4) t h a t the p r o c e d u r e s f o l l o w e d d u r i n g the d e s i g n of the breakwater 

were incomplete or i n c o r r e c t f o r t h i s s p e c i f i c s e t of e n v i r o n 

mental c o n d i t i o n s ; 

(5) t h a t the d e s i g n v/as inadequate. 

T h i s i n v e s t i g a t i o n was i n response t o a s e r i e s o f r u b b l e mound f a i l u r e s 

which have r e c e n t l y been observed around the w orld. Edge and Magoon 

(1979) have noted t h e d e t a i l s of s e v e r a l of these f a i l u r e s . 

The i n v e s t i g a t i o n undertaken by t h i s committee was based on two s i t e 

v i s i t s (May and August 1978) and on d i s c u s s i o n s w i t h Portuguese a u t h o r i 

t i e s r e s p o n s i b l e f o r the p r o j e c t , the d e s i g n e n g i n e e r s , the e n g i n e e r s of 

t h e Portuguese H y d r a u l i c L a b o r a t o r y (LNEC), s i t e s u p e r v i s i o n s t a f f and the 

o f f i c i a l s of the c o n s t r u c t i o n company. 

The o b j e c t i v e of t h i s i n v e s t i g a t i o n v/as not to f i n d a c r u c i a l e r r o r or 

o m i s s i o n . Indeed, g i v e n the immense s i z e and c o m p l e x i t y of t h i s p r o j e c t , 

many f a c t o r s s t a n d out f o r c o n s i d e r a t i o n . The o b j e c t i v e of t h i s i n v e s t i g a 

t i o n was t o r e p o r t on p o s s i b l e problems, o m i s s i o n s , and e r r o r s t h a t could 

have c o n t r i b u t e d t o the f a i l u r e of the S i n e s breakwater. I t i s t h e hope of 

t h e p a n e l t h a t , as the r e s u l t of t h i s r e p o r t , e n g i n e e r s w i l l be a b l e t o 

b e n e f i t from the e x p e r i e n c e a t s i n e s i n the d e s i g n and c o n s t r u c t i o n of 

f u t u r e b r e a k w a t e r s . 

The s t r u c t u r e has s u s t a i n e d f u r t h e r damage s i n c e the F e b r u a r y 1978 

storm. I n December 1978 and i n F ebruary 1979 storm a c t i o n removed a l l 

armor p r o t e c t i o n , i n c l u d i n g some temporary r e m e d i a l vrorks p l a c e d i n the 

F a l l of 1978, from the seaward 1-1/2 km of the breakwater. Much of the 

c o n c r e t e s u p e r s t r u c t u r e has been l o s t . 
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CHAPTER 2 

P r o j e c t D e s c r i p t i o n 

The S i n e s b r e a k w a t e r i s t h e s i n g l e most c r i t i c a l component o f a v a s t 

i n d u s t r i a l complex p l a n n e d by t h e P o r t u g u e s e government. The A t l a n t i c 

d e e p w a t e r p o r t and a h o s t o f l a n d s i d e f a c i l i t i e s depend on t h e e f f i c i e n t , 

s a f e o p e r a t i o n o f t h e p o r t , w h i c h i n t u r n depends on a s e c u r e b r e a k w a t e r . 

The e n t i r e complex i s s i t e d i m m e d i a t e l y s o u t h o f Cape S i n e s because o f t h a t 

a r e a ' s deep w a t e r . The Cape, a b o u t 100 km s o u t h o f L i s b o n a l o n g t h e 

A t l a n t i c c o a s t ( s e e F i g u r e 2 . 1 ) , l i e s a l o n g t h e p r e s e n t i n t e r n a t i o n a l 

r o u t e s f o r c r u d e o i l and i r o n o r e c a r r i e r s . The s i t e has t h e s t e e p ocean 

f a l l o f f needed f o r a s u p e r t a n k e r p o r t ; r e q u i r e d d e p t h s f o r an o i l t e r m i n a l 

o c c u r w i t h i n 1/2 t o 1 1/2 km o f t h e s h o r e . 

Development o f a m a j o r p o r t a t Cape S i n e s i n v o l v e d t h e c o n s t r u c t i o n o f 

a b r e a k w a t e r i n w a t e r d e p t h s o f up t o 50 m. A l a y o u t o f t h e p o r t f a c i l i t y 

i s g i v e n i n F i g u r e 2.2. D e s i g n was begun i n 1972 by B e r t l i n and P a r t n e r s 

o f t h e U n i t e d Kingdom and Consulmar and L u s o t e c h n a , b o t h o f L i s b o n ; t h e 

c o n t r a c t o r chosen was C o n d o t t e d'Acqua o f I t a l y . C o n s t r u c t i o n began . i n 

mid-1973. 

The b r e a k w a t e r i s a d u a l - p u r p o s e s t r u c t u r e , s u p p o r t i n g o i l p i p e l i n e s 

as w e l l as p r o v i d i n g s h e l t e r f r o m t h e A t l a n t i c Ocean f o r t h e p o r t . A 

q u a r r y f i l l c o r e i s armored w i t h l a r g e r s t o n e , and on t h e seaward s i d e t h a t 

" s e l e c t e d " s t o n e i s b l a n k e t e d w i t h 4 2 - t c o n c r e t e d o l o s . A c o n c r e t e 

s u p e r s t r u c t u r e i n c l u d e s a wave w a l l , an i n n e r ( p o r t s i d e ) roadv/ay, and 

s u p p o r t f o r t h e o i l p i p e l i n e s . The l a t t e r a re i n t e n d e d t o s e r v e t h e t h r e e 

h a r b o r s i d e b e r t h s , b u i l t on c a i s s o n s and c o n n e c t e d t o t h e b r e a k w a t e r . The 

t h r e e , b e g i n n i n g w i t h t h e c l o s e s t t o s h o r e , a r e i n t e n d e d t o accommodate 

100,000, 350,000 and 500,000 DWT t a n k e r s , r e s p e c t i v e l y . 

A b o u t 160 s q u a r e m i l e s o f i n l a n d f a c i l i t i e s a l s o depend on t h e p o r t . 

Those i n c l u d e an o i l r e f i n e r y , a s t e e l m i l l , a p y r i t e p l a n t , a p e t r o c h e m 

i c a l complex, and o t h e r i n d u s t r y , b o t h heavy and l i g h t . Y e t a n o t h e r a s p e c t 

o f t h e m a s t e r p l a n i s a "new t o w n " , f o r w h i c h a p o p u l a t i o n o f about 100,000 

has been p r o j e c t e d . Over 5,000 d v / e l l i n g s a r e c o m p l e t e , and t h e c o n s t r u c 

t i o n o f s c h o o l s , r e c r e a t i o n c e n t e r s , s h o p p i n g f a c i l i t i e s and r e l a t e d 

i n f r a s t r u c t u r e i s underway. 
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FIGURE 2 .1 LOCATION OF PORT SINES 
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PORT OF SINES 

FIGURE 2.2 LAYOUT OF THE PORT OF SINES 



The Gabinete da Area de S i n e s (GAS) has been the r e s p o n s i b l e Govern

ment agency f o r the e n t i r e S i n e s development s i n c e the p r o j e c t i n c e p t i o n 

over a decade ago. The government of P o r t u g a l has undergone s e v e r a l 

changes d u r i n g those y e a r s , most no t a b l y a r e v o l u t i o n i n 1974, the ye a r 

t h a t d e s i g n vias completed and c o n s t r u c t i o n began. The S i n e s p r o j e c t 

o r i g i n a l l y i n c l u d e d p r i v a t e c a p i t a l . Some p o r t i o n s of the p r o j e c t were 

n a t i o n a l i z e d a f t e r t h e events of 1974. At the time of the f a i l u r e i n 

Fe b r u a r y 1978, the Portuguese government i s r e p o r t e d t o have spent, 

$176,000,000 on the breakwater a l o n e . 

The breakwater was designed by the consortium B e r t l l n - C o n s u l m a r -

L u s o t e c h n a . B e r t l i n and P a r t n e r s of R e d h i l l , England, l e d the j o i n t d esign 

e f f o r t w i t h t he two Portuguese f i rms > The breakwateir was c o n s t r u c t e d by 

t h e I t a l i a n f i r m S o c i e t a I t a l i a n a p e r Condotte d'Acqua of Rome through 

t h e i r L i s b o n o f f i c e . 
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CHAPTER 3 

P h y s i c a l S e t t i n g 

The l o c a l e n v i r o n m e n t a l f a c t o r s w h i c h v/ould a f f e c t t h e d e s i g n and 

c o n s t r u c t i o n o f t h e S i n e s breakv/ater a r e w i n d s , waves, t i d e s , c o a s t a l 

c u r r e n t s , e a r t h q u a k e s and t h e r e g i o n a l g e o l o g i c s e t t i n g . 

The w i n d and wave c l i m a t e o f P o r t u g a l i s d o m i n a t e d by t h e "Azores 

H i g h . " T h i s i s a h i g h p r e s s u r e s y s t e m f r e q u e n t l y p r e s e n t over a group o f 

i s l a n d s some 2,000 km west o f P o r t u g a l . W h i l e t h i s h i g h p r e s s u r e i s 

s t a t i o n a r y , l o w p r e s s u r e d i s t u r b a n c e s t r a v e l l i n g a c r o s s t h e A t l a n t i c Ocean 

f r o m w e s t t o e a s t a r e f o r c e d t o t r a v e l t o t h e n o r t h o f t h e c o a s t o f 

P o r t u g a l . The h i g h p r e s s u r e s y s t e m may e f f e c t i v e l y r e m a i n over t h e Azores 

f o r a number o f y e a r s . When t h i s h i g h p r e s s u r e r e g i o n I s d i s p l a c e d , l o w 

p r e s s u r e d i s t u r b a n c e s may move d i r e c t l y t o w a r d s t h e c o a s t o f P o r t u g a l ; 1978 

was a y e a r c h a r a c t e r i z e d by such a s i t u a t i o n . 

Winds 

The winds a f f e c t t h e b r e a k w a t e r p r i n c i p a l l y by g e n e r a t i n g waves w h i c h 

a t t a c k t h e b r e a k w a t e r , and t h i s i s t h e m a j o r f a c t o r i n f l u e n c i n g i t s d e s i g n . 

A n o t h e r e f f e c t o f t h e w i n d i s i n p r o d u c i n g a s t o r m s u r g e , b u t , as e x p l a i n e d 

i n a l a t e r s e c t i o n , t h i s i s a m i n o r c o n c e r n a t S i n e s . 

P r e c i s e d a t a d e s c r i b i n g t h e w i n d c l i m a t e a t S i n e s , o r o f f s h o r e f r o m 

S i n e s , a n d t h e w i n d speeds and d i r e c t i o n s a s s o c i a t e d w i t h t h e F e b r u a r y 1978 

s t o r m a r e n o t a v a i l a b l e . 

S e v e r e s t o r m s o v e r t h e A t l a n t i c Ocean t h a t a r e n o t r e c o r d e d on t h e 

c o a s t o f P o r t u g a l may p r o d u c e v e r y l a r g e waves v/hich can r e a c h t h e P o r t o f 

S i n e s . However, u n t i l r e c e n t l y , t h e s e waves were n o t measured. I t was 

such a c o n d i t i o n t h a t e x i s t e d on 26 F e b r u a r y 1978. These winds may be f e l t 

on t h e P o r t u g u e s e c o a s t , b u t t h e speeds may be f a r l e s s t h a n t h e y a r e o v e r 

t h e open f e t c h e s o f t h e ocean where t h e waves a r e g e n e r a t e d . Thus, 

measurements o f w i n d speeds, d u r a t i o n s , and d i r e c t i o n s on t h e P o r t u g u e s e 

s h o r e a r e n o t r e l i a b l e i n d e x e s o f t h e wi n d s t h a t may be e x p e c t e d t o 

g e n e r a t e waves r e a c h i n g t h e P o r t u g u e s e c o a s t . 

W i n d v e l o c i t i e s o v e r t h e ocean approaches t o S i n e s a r e measured a b o a r d 

v e s s e l s t r a v e r s i n g t h e w a t e r s o f f t h e P o r t u g u e s e c o a s t . One s e t o f t h e s e 

d a t a h a s been c o l l e c t e d and summarized by t h e U.S. Navy Oceanographic 
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O f f i c e , and t h e summations appear i n t h a t o f f i c e ' s P u b l i c a t i o n 700, Ocean 

A t l a s o f t h e N o r t h A t l a n t i c , S e c t i o n I V "Sea and S w e l l " , 1963 ( R e p r i n t e d 

1 9 7 0 ) . For t h e ocean a r e a i m m e d i a t e l y o f f s h o r e f r o m S i n e s , t h i s A t l a s 

shows t h a t w i n d s i n excess o f 28 k n o t s (14.4 m/s) o c c u r d u r i n g each month 

o f t h e y e a r e x c e p t June, J u l y , A u g u s t , and September. U n f o r t u n a t e l y , t h e 

v e l o c i t y o f t h e maximum w i n d s i s n o t g i v e n , t h e d a t a b e i n g c o n f i n e d t o t h e 

s t a t e m e n t t h a t t h e winds "exceeded 28 k n o t s . " 

A n o t h e r s e t o f w i n d d a t a a p p e a r s i n t h e Summary o f S y n o p t i c M e t e o r o 

l o g i c a l O b s e r v a t i o n s , W e s t e r n Europe, V o l . I , (SSMO) p u b l i s h e d by t h e U.S. 

N a v a l Weather S e r v i c e i n J a n u a r y 1974. These d a t a a r e a l s o based on 

s h i p b o a r d o b s e r v a t i o n s , c o v e r i n g t h e p e r i o d 1911-1971. T a b l e 3 o f t h e 

above SSMO f o r t h e 5° s q u a r e o f f t h e m i d - P o r t u g u e s e c o a s t shows t h a t winds 

i n excess o f a mean v e l o c i t y o f 48+ k n o t s have been o b s e r v e d i n 0.1% o f t h e 

o b s e r v a t i o n s ( t o t a l o b s e r v a t i o n s , 12,900). A l m o s t a l l o f t h e 48+ k n o t 

v;lnds have come o u t o f t h e d i r e c t i o n s SW t h r o u g h W t o N. Winds between 34 

and 47 k n o t s have been o b s e r v e d i n 2.3% o f t h e t o t a l o b s e r v a t i o n s , w i t h 

d i r e c t i o n c h a r a c t e r i s t i c s s i m i l a r t o t h e 48+ k n o t w i n d s . 

I t I s o f some i n t e r e s t t o n o t e h e r e t h e wind-wave g e n e r a t i o n 

r e l a t i o n s h i p g i v e n i n F i g u r e 3-16 o f t h e C o a s t a l E n g i n e e r i n g Research 

C e n t e r (CERC) Shore P r o t e c t i o n Manual ( 1 9 7 5 ) . A t a b u l a t i o n f r o m F i g u r e 

3-16 i s g i v e n on T a b l e 3 . 1 , s h o w i n g a few o f t h e c o m b i n a t i o n s o f w i n d 

v e l o c i t y , f e t c h , and d u r a t i o n r e q u i r e d t o g e n e r a t e v/ave t r a i n s v / i t h a 

s i g n i f i c a n t h e i g h t o f 8, 10, and 11 m e t e r s . The 8-m wave g e n e r a t i n g 

c o n d i t i o n s a r e shov/n because t h e F e b r u a r y 1978 s t o r m w h i c h s e v e r e l y damaged 

t h e b r e a k w a t e r i s b e l i e v e d t o have g e n e r a t e d waves o f a b o u t t h i s s i z e . A 

r e v i e w o f T a b l e 3.1 i n d i c a t e s t h a t an 8-m s i g n i f i c a n t wave i s p r o b a b l y n o t 

a r a r e o c c u r r e n c e a t S i n e s . T h i s i s i n d i c a t e d , f o r example, by t h e f a c t 

t h a t a 4 3 - k n o t w i n d b l o w i n g f o r one day o u t o f t h e w e s t e r l y q u a d r a n t c o u l d 

g e n e r a t e B-m waves. Moreover, a 4 5 - k n o t w i n d b l o w i n g f o r 33 h o u r s c o u l d be 

e x p e c t e d t o r a i s e a 10-m wave and 4 8 - k n o t w i n d b l o w i n g f o r 32 h o u r s t o 

r a i s e an 11-m wave. These v a l u e s a r e based on a 500 m i l e f e t c h w h i c h i s 

p o s s i b l e f o r t h i s s i t e . 

The p u r p o s e o f t h i s p r e s e n t a t i o n i s t o show t h a t w i n d s o f s u f f i c i e n t 

v e l o c i t y t o g e n e r a t e 10-m, 11-m, and even h i g h e r waves have been 
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TABLE 3.1 

EXAMPLE CONDITIONS REQUIRED TO 

GENERATE SIGNIFICANT WAVE HEIGHTS OF 8, 10, AND 11 m 

To generate 8-meter ( 2 6 - f t ) waves 

F e t c h ( m i l e s ) 

Wind 1 0 0 3 0 0 5 0 0 J 0 0 £ 

V e l o c i t y (Icnots) 6 0 4 3 3 8 3 5 

D u r a t i o n (hours) 8 23 37 7 0 

To generate 10-meter ( 3 3 - f t ) waves 

F e t c h ( m i l e s ) 

Wind J[00 300 500 1000 

v e l o c i t y ( k n o t s ) 73 53 45 41 

Du r a t i o n (hours) 7 20 33 62 

To generate 11-meter ( 3 6 - f t ) waves 

F e t c h ( m i l e s ) 

Wind 100 300 500 JMO 

V e l o c i t y ( k n o t s ) 77 55 48 43 

Du r a t i o n (hours) 7 19 32 60 

( T h i s t a b l e i s based on F i g u r e 3-16, Volume 1, U.S. Army C o a s t a l E n g i n e e r 

i n g R e s e a r c h C e n t e r Shore P r o t e c t i o n Manual, 1975 Ed. The s t a t e d wave 

h e i g h t s a r e " s i g n i f i c a n t " h e i g h t s . ) 
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o b s e r v e d on s h i p b o a r d i n t h e S" s q u a r e o f f L i s b o n . These o b s e r v a t i o n s were 

p r i m a r i l y f o r t h e 6 0 - y e a r p e r i o d , 1911-1971. The o b s e r v a t i o n s i n d i c a t e 

t h a t on 16 o c c a s i o n s o v e r t h i s 60-year p e r i o d , t h e w i n d s were i n excess o f 

48 k n o t s . The " d u r a t i o n " o f t h e winds i s n o t g i v e n i n t h e r e f e r e n c e d 

SSMO. 

I t must be p o i n t e d o u t t h a t t h e above d a t a s h o u l d o n l y be used t o 

p r o v i d e an o v e r a l l u n d e r s t a n d i n g o f t h e c l i m a t e o f t h e A t l a n t i c Ocean 

a d j a c e n t t o P o r t u g a l . To p r o v i d e u s e f u l i n f o r m a t i o n on waves g e n e r a t e d by 

w i n d , t h e e n t i r e c h a r a c t e r i s t i c o f t h e v ; i n d f i e l d d u r i n g t h e s t o r m must be 

known. 

Waves 

Three s e t s o f wave d a t a a p p l i c a b l e t o t h e Si n e s a r e a a re r e a d i l y 

a v a i l a b l e . Recorded wave d a t a have been o b t a i n e d o v e r a seven y e a r p e r i o d 

v / i t h wave gauges l o c a t e d a t F i g u e i r a da Poz, some 250 km n o r t h o f S i n e s . A 

d e s c r i p t i o n o f t h e P o r t u g u e s e wave c l i m a t e measurement p r o g r a m e x i s t i n g i n 

1964 I s p r o v i d e d by J.P. B a r c e l o ( 1 9 6 4 ) . However, t h e s e d a t a a r e t a k e n 

v e r y near t h e s h o r e l i n e and a r e l i k e l y t o be d e p t h l i m i t e d . 

The second s e t o f a v a i l a b l e d a t a c o n s i s t s o f s h i p b o a r d o b s e r v a t i o n s 

made f r o m v e s s e l s t r a v e r s i n g t h e ocean w a t e r s o f f s h o r e f r o m P o r t u g a l . The 

U.S. Navy Oceanographic O f f i c e a n a l y s i s o f t h e s e d a t a , as g i v e n i n t h e i r 

p u b l i c a t i o n 700, i s summarized below. These d a t a a r e o b s e r v a t i o n s by 

s h i p ' s o f f i c e r s o f " t h e av e r a g e h e i g h t o f t h e l a r g e r w e l l - f o r m e d waves" and 

a r e c o n s i d e r e d t o be a p p r o x i m a t e l y e q u i v a l e n t t o t h e s i g n i f i c a n t wave 

h e i g h t . The s i g n i f i c a n t wave h e i g h t i s d e f i n e d as t h e av e r a g e o f t h e one-

t h i r d h i g h e s t wave h e i g h t s i n a r e c o r d . The wave h e i g h t s a r e n o r m a l l y 

d e f i n e d u s i n g a z e r o - c r o s s i n g p r o c e d u r e ( D r a p e r , 1 9 6 6 ) . 

10 



TABLE 3.2 

PERCENT OF TIME IN EACH MONTH THAT 

VALUE SIGNIFICANT WAVE HEIGHT EXCEEDS STATED VALUE 

2.4 m 3.7 m 6. 1 m 

(8 f t ) (12 f t ) (20 f t ) 

Jan. - - -
Feb. 10% 5% 2% 

Mar. 15 5 2 

Apr. 15 5 2 

May 7 2 1 

June 5 2 1/2 

J u l y 5 2 1/2 

Aug. 5 1 1/2 

Sept. 4 2 1 

Oct. 8 3 1-1/2 

Nov. 10 4 1 

Dec. 15 5 2 

The above t a b u l a t i o n i s of wave h e i g h t s t h a t a r e being a c t i v e l y gener

a t e d by the wind. The f o l l o w i n g t a b u l a t i o n i s f o r " s v / e l l " , t h a t i s , f o r 

waves which have l e f t t h e g e n e r a t i o n a r e a and a r e no longer under the 

i n f l u e n c e of the winds which generated them. 

TABLE 3.3 

PERCENT OF TIME THAT "S^^LL" FROM N AND 

NW EXCEEDS 3.7 m (12 FT) IN EACH SEASON 

Jan.-Feb.-March 15 % 

Apr. -hïay-June 8% 

July-Aug.-Sept. 2% 

Oct.-Nov.-Dec. 10 % 
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TABLE 3.4 

TOTAL NUMBER OF SHIPBOARD OBSERVATIONS BY 

SEASONS AND THE MAXIMUM OBSERVED SIGNIFICANT WAVE HEIGHT 

RECORDED DURING THE SERIES OF OBSERVATIONS 

Number o f Maximum S i g n i f i c a n t 

Season O b s e r v a t i o n s Wave Observed 

Jan.-Feb.-March 2044 8.2 m (27 f t ) 

Apr.-May-June 2916 7.6 m (25 f t ) 

J u i y - A u g . - S e p t . 2230 9.1 m (30 f t ) 

Oct.-Nov.-Dec. 1770 7.6 m (25 f t ) 

The above d a t a a r e u s e f u l i n g i v i n g a sense o f t h e wave c l i m a t e as 

a s s e s s e d f r o m v i s u a l s h i p b o a r d o b s e r v a t i o n s . These d a t a show t h a t a s i g n i 

f i c a n t wave h e i g h t i n excess o f 6 m (20 f t ) i s n o t an uncommon o c c u r r e n c e 

o f f t h e c o a s t o f P o r t u g a l and t h a t a s i g n i f i c a n t wave h e i g h t o f 9 m (30 f t ) 

has been r e p o r t e d . I t s h o u l d be n o t e d t h a t t h e a c c u r a c y o f t h e v i s u a l 

o b s e r v a t i o n s i s p r o b a b l y n o t h i g h . 

A t h i r d s e t o f wave d a t a , a l s o s h i p b o a r d o b s e r v a t i o n s , a p p e a r s i n t h e 

U.S. N a v a l Weather S e r v i c e Command SSMO, Volxime 1. For t h e 5° sq u a r e o f f 

L i s b o n , T a b l e 18 o f t h e SSMO shows t h a t s i g n i f i c a n t wave h e i g h t s o f between 

7.9 and 9.8 m (26 and 32 f e e t ) o c c u r r e d i n 0.2% o f t h e o b s e r v a t i o n s . 

S i g n i f i c a n t wave h e i g h t s o f between 10.1 and 12.2 m (33 and 40 f e e t ) were 

r e p o r t e d , b u t f o r l e s s t h a n 0.1% o f t h e o b s e r v a t i o n s . No v a l u e s g r e a t e r 

t h a n 12 m (40 f e e t ) were r e p o r t e d . The d a t a were r e c o r d e d between 1963 and 

1971. The SSMO r e p o r t remarlcs t h a t v e s s e l s u s u a l l y t r y t o a v o i d t h e ar e a s 

o f h i g h waves and t h a t , as a r e s u l t , t h e o b s e r v a t i o n s a r e p r o b a b l y b i a s e d 

t o t h e low s i d e . 

The wave d a t a g i v e n a r e n o t s u f f i c i e n t l y e x t e n s i v e o r a c c u r a t e t o 

u n d e r t a k e an e x t r e m e v a l u e a n a l y s i s o f a c c e p t a b l e r e l i a b i l i t y . 

T i d e s 

The t i d a l r a n g e s a t S i n e s as shown i n t h e t i d e t a b l e s a r e as f o l l o w s : 

Mean Range 6.6 f t ( 2 . 0 1 m) 

S p r i n g Range 8.7 f t (2.65 m) 

There was an e x c e p t i o n a l l y h i g h t i d e p r e d i c t e d f o r 26 F e b r u a r y 1978, t h e 

d a t e o f t h e damaging s t o r m a t S i n e s . The p r e d i c t e d t i d e s were as f o l l o w s : 
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a t 6:03 a.m., 3.75 m (12.2 f t ) ; a t 11:46 a.m., 0.58 m (1.9 f t ) ; a t 6.23 

p.m., 3.63 m (11.9 f t ) . These 26 F e b r u a r y e l e v a t i o n s do n o t , o f c o u r s e , 

i n c l u d e any a d d i t i o n a l w a t e r s u r f a c e e l e v a t i o n s due t o t h e s t o r m i t s e l f . 

A l l t h e above e l e v a t i o n s r e f e r t o l o c a l c h a r t d a t a . 

Storm Surges 

S t o r m s u r g e i s a f u n c t i o n o f t h e w i n d v e l o c i t y , t h e w i n d f e t c h , t h e 

w a t e r d e p t h , and t h e w i n d d u r a t i o n . I f i t i s assumed t h a t t h e w i n d 

d u r a t i o n i s s u f f i c i e n t t o r e a c h e q u i l i b r i u m c o n d i t i o n s , an a p p r o x i m a t i o n o f 

t h e s u r g e h e i g h t a g a i n s t t h e shore i s g i v e n by t h e f o l l o w i n g e q u a t i o n f r o m 

t h e Shore P r o t e c t i o n Manual, (CERC, 1 9 7 7 ) : 

w'̂ F 
S = 0.0325 

i n w h i c h : 

S = s u r g e h e i g h t , m e t e r s 

W = w i n d speed, k i l o m e t e r s p e r h o u r 

F = f e t c h , n a u t i c a l m i l e s 

D = a v e r a g e d e p t h o v e r f e t c h , m e t e r s . 

I t i s assumed i n t h i s e q u a t i o n t h a t w i n d s a r e b l o w i n g a t a r i g h t a n g l e 

t o t h e s h o r e . 

From t h e above, t h e f o l l o w i n g e s t i m a t e s o f s t o r m s u r g e h e i g h t s a r e 

o b t a i n e d . 

TABLE 3.5 

STORM SURGE HEIGHT (m) FOR EXAWLE CONDITIONS 

28 k n o t s 34 k n o t s 48 k n o t s 

WIND SPEED (51.9 km/h) (63.0 km/h) (88.9 km/h) 

DEPTH 100 m 300 m 100 m 300 m 100 m 300 m 

STORM 

SURGE 

HEIGHT 

0.37 0.12 0.42 0.18 1.09 0.36 

0.74 0.25 0.85 0.36 2.18 0.72 

1.11 0.37 1.28 0.54 3.27 1.09 
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The above t a b u l a t i o n i n d i c a t e s t h a t , even w i t h a s u s t a i n e d w i n d o f 48 

k t b l o w i n g o v e r a 3 0 0 - n a u t i c a l m i l e f e t c h , t h e s t o r m s u r g e w o u l d be o n l y 

1.09 m f o r an a v e r a g e d e p t h o f |oO m. These f a c t o r s , as s t a t e d , a r e 

b e l i e v e d t o be c o n s e r v a t i v e , and t h u s a s t o r m s u r g e on t h e o r d e r o f 1 m e t e r 

i s p r o b a b l y t h e maximum t h a t c o u l d be e x p e c t e d . 

C o a s t a l C u r r e n t s 

The p r e v a i l i n g c o a s t a l c u r r e n t on t h e P o r t u g u e s e c o a s t i s s o u t h e r l y , 

w i t h an a v e r a g e p e r s i s t e n c e o f 50% and an a v e r a g e speed o f 0 . 4 t o 0 . 5 

k n o t s . The B r i t i s h A d m i r a l t y c h a r t s i n d i c a t e t h a t i n t h e i m m e d i a t e 

v i c i n i t y o f t h i s c o a s t a l a r e a t h e c u r r e n t s a r e l e s s t h a n 0 . 2 5 k n o t s f o r one 

t h i r d o f t h e t i m e and l e s s t h a n 1.0 k n o t s a l m o s t a l l t h e t i m e . They a l s o 

show t h a t t h i s v a l u e i s exceeded o n l y f o r 1 t o 2% o f t h e t o t a l t i m e and 

n e v e r exceeds 2 . 0 k n o t s . P r i o r t o t h e d e s i g n o f t h e b r e a k w a t e r , a l i m i t e d 

f i e l d measurement p r o g r a m had been c o n d u c t e d by t h e G e n e r a l P o r t D e p a r t m e n t 

( f o r m e r l y t h e M a r i t i m e S e r v i c e s ) . The f i e l d d a t a c o l l e c t e d s u p p o r t , i n 

g e n e r a l , t h e o b s e r v a t i o n s p r e s e n t e d above. Moreover, t h e l o c a l f i s h e r m e n 

c o n f i r m t h a t t h e c u r r e n t s a r e i n s i g n i f i c a n t and have no d o m i n a n t d i r e c t i o n 

o f f l o w . 

B a t h y m e t r y 

A g e n e r a l v i e w o f t h e b a t h y m e t r y o f t h e sea b o t t o m s u r r o u n d i n g t h e 

P o r t o f S i n e s i s g i v e n i n F i g u r e 3 . 1 . As can be seen, t h e d e p t h i n c r e a s e s 

r a p i d l y t o 50 m a t t h e head o f t h e b r e a k w a t e r and c o n t i n u e s t o i n c r e a s e t o 

t h e edge o f t h e c o n t i n e n t a l s h e l f , w h i c h i s 14 km f r o m t h e p o r t . Near t h e 

c o a s t t h e r e a r e numerous r o c k y h e a d l a n d s , b o t t o m o u t c r o p s , and I s l a n d s . 

The b a t h y m e t r y i n F i g u r e 3 . 1 was o b t a i n e d f r o m a 1977 s u r v e y . Subsequent 

t o t h e f a i l u r e o f t h e b r e a k w a t e r , e x t e n s i v e and d e t a i l e d b a t h y m e t r y s u r v e y s 

were c o n d u c t e d by t h e c o n t r a c t o r . 

A l t h o u g h t h e w a t e r i s v e r y deep o f f S i n e s , i t i s s u f f i c i e n t l y s h a l l o w 

t o a f f e c t l o n g waves w i t h p e r i o d s i n excess o f 10 seconds. R e f r a c t i o n 

d i a g r a m s have been p r e p a r e d by t h e L a b o r a t o i r e C e n t r a l d ' H y d r a u l i q u e de 

F r a n c e (see a n n o t a t i o n i n A p p e n d i x I ) and t h e D e p a r t m e n t o f P u b l i c Works o f 

Canada, These works shovz t h a t s i g n i f i c a n t w a v e - r e f r a c t i o n e f f e c t s o c c u r 

s e a w a r d o f t h e b r e a k w a t e r . For c e r t a i n wave c o n d i t i o n s , c o n c e n t r a t i o n o f 

14 



O 1J> 2;0 3,0 

S C A L E IN K I L O M E T E R S 

FIGURE 3.1 BATHYMETRY OF PORT SINES (METERS) 

15 



t h e e n e r g y o f waves o c c u r r i n g f r o m t h e v/est and n o r t h - w e s t d i r e c t i o n s may 

o c c u r i n t h e v i c i n i t y o f t h e b r e a k w a t e r . 

R e g i o n a l G e o l o g i c a l S e t t i n g 

S i n e s Bay i s l o c a t e d on t h e s o u t h s i d e o f t h e Cabo de S i n e s , t h e most 

n o t a b l e p r o m o n t o r y o f t h e P o r t u g u e s e A t l a n t i c s e a b o a r d between S e t u b a l and 

Cabo de Sao V i n c e n t e . T h i s h e a d l a n d , t o g e t h e r w i t h i t s o f f s h o r e e x t e n s i o n , 

P e r c e v e i r a I s l a n d , i s f o r m e d by a complex o f i g n e o u s r o c k s . To t h e n o r t h 

o f Cabo de S i n e s , t h e c o a s t l i n e c o n s i s t s o f s t r o n g l y f o l d e d g r e y l i m e 

s t o n e s , w h i c h r e s u l t s i n q u i t e low g r o u n d f o r some d i s t a n c e i n l a n d . To t h e 

s o u t h o f Cabo de S i n e s , t h e r o c k s c o n s i s t o f o l d e r s e d i m e n t s and t h e 

c o u n t r y r i s e s s t e a d i l y e a s t w a r d f r o m a l o w s h o r e l i n e t o t h e h i l l s a r o u n d 

C e r e a l . 

R e g i o n a l G e o l o g i c a l S t r u c t u r e and T e c t o n i c s 

The i g n e o u s and v o l c a n i c complex c o n s i s t s o f a l o w dome w h i c h i s 

h i g h e s t a t Chaos ( 1 0 1 m e t e r s ) . The dome d i p s g e n t l y t o w a r d s t h e west and 

f o r m s s u b m a r i n e f e a t u r e s . I t appears i n r e c e n t g e o l o g i c a l h i s t o r y t h a t a 

downwards movement o c c u r r e d w h i c h l e d t o t h e submergence o f many o f t h e 

v o l c a n i c o u t c r o p s under t h e sea. The v o l c a n i c r o c k o u t c r o p s a r e s u r r o u n d e d 

by a metam o r p h i c a u r e o l e f o r m e d by c o n t a c t w i t h t h e P a l e o z o i c s h a l e y mud-

s t o n e s ( s o u t h o f Cabo de S i n e s ) , o r w i t h t h e J u r a s s i c l i m e s t o n e r o c k s 

( n o r t h o f Cabo de S i n e s ) . 

The dome has two d i s t i n c t b l o c k s : a main l a r g e r b l o c k f o r m i n g t h e 

h i g h g r o u n d t o t h e e a s t o f t h i s a r e a , and a s m a l l e r l o w e r b l o c k f o r m i n g t h e 

l o w e r g r o u n d a r o u n d t h e town o f Sines and t h e Cabo de Si n e s i t s e l f . The 

dome c o n s i s t s c h i e f l y o f o l i v e n e gabbro and o t h e r a s s o c i a t e d i n t e r m e d i a t e 

v o l c a n i c r o c k s . The r o c k s a r e h e a v i l y f r a c t u r e d and c u t by numerous d y k e s , 

some o f v/hich a r e t o be f o u n d i n t r u d i n g t h e s u r r o u n d i n g c o u n t r y r o c k s . 

F a u l t i n g i n t h e gabbro i n t r u s i o n a p p e a r s t o have been s i m u l t a n e o u s 

w i t h t h e i n t r u s i o n s . The dykes have been i n t r u d e d a l o n g f a u l t zones i n a 

n o r t h - e a s t t o s o u t h - w e s t d i r e c t i o n . P o s t - v o l c a n i c f a u l t i n g i s due t o t h e 

f o l d i n g w h i c h has o c c u r r e d p a r a l l e l t o t h e s h o r e l i n e . The d o l e r i t e dykes 

v/est o f S i n e s have been i n t r u d e d a l o n g t h e f r a c t u r e s and f a u l t zones i n an 

e a s t - n o r t h - e a s t t o w e s t - s o u t h - w e s t d i r e c t i o n . The d y k e s , e a s t o f Si n e s i n 

t h e T e r m i n a l M i n e r a l e i r o , a r e g e n e r a l l y n o r t h - e a s t t o s o u t h - w e s t and e a s t -
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n o r t h - e a s t t o w e s t - s o u t h - w e s t . The l i k e l y d i p o f t h e s h a l e y mudstone i s t o 

t h e s o u t h , i n t h e T e r m i n a l M i n e r a l e i r o a r e a . 

The f r a c t u r i n g t h a t i s p r e s e n t i n t h e a n d e s i t e s and d o l e r i t e s t o t h e 

v/est o f S i n e s appears t o be o r i e n t e d n o r t h - e a s t t o s o u t h - w e s t and e a s t 30 

degrees s o u t h . The f r a c t u r e s t o t h e s o u t h o f Cabo de S i n e s have d i r e c t i o n s 

w h i c h v a r y between 30 d e g r e e s s o u t h t o e a s t 10 degrees s o u t h , and e a s t 20 

degrees n o r t h t o e a s t 30 degrees n o r t h . 

S e i s m i c i t y i n t h e S i n e s - L i s b o n Region 

D e s t r u c t i v e e a r t h q u a k e s i n P o r t u g a l have been a s s o c i a t e d w i t h t h e 

A z o r e s - G i b r a l t e r r i d g e and more s p e c i f i c a l l y w i t h a f r a c t u r e zone between 

t h e A z o r e s and t h e s o u t h w e s t c o a s t o f P o r t u g a l . The g r e a t L i s b o n e a r t h 

quake o f 1755 i s an example o f t h i s t y p e o f e a r t h q u a k e . Shocks g e n e r a t e d 

i n t h e A z o r e s - G i b r a l t a r f r a c t u r e zone a r e u s u a l l y l a r g e ( m a g n i t u d e 7) and 

o f s h a l l o w f o c u s , and s t r i k e t h e P o r t u g u e s e c o a s t i n t h e two d i s t i n c t modes 

o f s e i s m i c e a r t h waves and s e i s m i c sea waves ( t s u n a m i s ) . The t s u n a m i 

i n 1755 was e s t i m a t e d t o have a wave runnup o f up t o 15 m e t e r s . 

R e cent examples o f s e i s m i c a c t i v i t y o f t h e A z o r e s - G i b r a l t a r f r a c t u r e 

zone o c c u r r e d on November 25, 1941 (M = 8.25 and f e l t i n t e n s i t y V I I ) and 

F e b r u a r y 2 8 t h , 1969 (M = 7.25, f o c a l d e p t h 18 k i l o m e t e r s and f e l t i n t e n s i t y 

V I I ) . The 1969 e a r t h q u a k e , w h i c h was t h e most p o w e r f u l i n Europe s i n c e 

1960, p r o d u c e d a t s u n a m i w h i c h a t t a i n e d a h e i g h t o f 1.2 m e t e r s i n t h e G u l f 

o f C a d i z . S t r o n g m o t i o n i n s t r u m e n t s r e c o r d e d a f t e r s h o c k s i n t h e A z o r e s o f 

15-18% g and i n L i s b o n o f l e s s t h a n 10% g.* 

Seabed S u r f a c e C o n d i t i o n s a t t h e P o r t 

The seabed t o p o g r a p h y and s u r f a c e c o n d i t i o n s i n t h i s a r e a can be 

d e s c r i b e d i n t e r m s o f t w o b r o a d zones d e l i n e a t e d by t h e a r e a s I n s h o r e and 

seaward o f t h e 35 m b a t h y m e t r i c c o n t o u r . I n t h e zone i n s h o r e o f t h e 35 m 

b a t h y m e t r i c c o n t o u r , t h e seabed s u r f a c e t o p o g r a p h y i s q u i t e v a r i a b l e , w i t h 

numerous s t e e p - s i d e d p i n n a c l e s and r i d g e s o f i gneous r o c k . W i t h i n t h i s 

a r e a t h e seabed t o p o g r a p h y i s a l s o c h a r a c t e r i z e d by t h e s e v e r a l s e a b o t t o m 

r i s e s . 

* g - a c c e l e r a t i o n due t o g r a v i t y . 
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I n s h o r e o f t h e 35 m b a t h y m e t r i c c o n t o u r , seabed s u r f a c e d e p o s i t s 

g e n e r a l l y c o n s i s t o f brovm, me d i u m - t o - c o a r s e s h e l l y s a n d s, c o a r s e sandy 

g r a v e l s w i t h o c c a s i o n a l b o u l d e r s , and a s s o r t e d s u b - r o u n d e d i g n e o u s r o c k 

p e b b l e s and b o u l d e r s . These d e p o s i t s may be b e d r o c k w e a t h e r i n g i n - s i t u , o r 

t r a n s p o r t e d m a t e r i a l . I n g e n e r a l t h e s e s u r f a c e d e p o s i t s e x i s t on t h e 

s h a l l o w e r s l o p e s and i n t h e h o l l o w s o f t h e o u t c r o p p i n g i g n e o u s b e d r o c k . On 

s t e e p s l o p e s and p o i n t s o f h i g h e r e l e v a t i o n t h e b e d r o c k i s r e l a t i v e l y c l e a n 

and f r e e o f s u p e r f i c i a l d e p o s i t s . 

Seaward o f t h e 35 m b a t h y m e t r i c c o n t o u r , t h e seabed s l o p e s r e l a t i v e l y 

u n i f o r m l y down t o t h e s o u t h w e s t , r e a c h i n g a minimum e l e v a t i o n o f a p p r o x 

i m a t e l y 50 m b e l o w datum w i t h i n t h e b o u n d a r i e s o f t h e s u b j e c t s i t e . 

B o r e h o l e s a t t h e b r e a k w a t e r show t h a t t h e seabed c o n s i s t s o f d e p o s i t s o f 

l i g h t brown, m e d i u m - t o - c o a r s e sand w i t h some s h e l l f r a g m e n t s . 
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CHAPTER 4 

Design of the West Breakwater 

The g e n e r a l c h a r a c t e r i s t i c s of the main breakwater and i t s l o c a t i o n 

r e l a t i v e t o the p o r t f a c i l i t i e s a r e d e s c r i b e d i n the p r e c e d i n g s e c t i o n s of 

t h i s r e p o r t . A more d e t a i l e d d e s c r i p t i o n of the d e s i g n of the c r o s s -

s e c t i o n i s p r e s e n t e d i n t h i s s e c t i o n along w i t h a d e s c r i p t i o n of the design 

c r i t e r i a and the s u p p o r t i n g model s t u d i e s . A d e s c r i p t i o n of the d e s i g n of 

the main breakwater a t S i n e s i s given by Mettam (1976) and Morals ( 1 9 7 4 ) . 

Design V7ave C o n d i t i o n s 

A d e s c r i p t i o n of the procedure used to determine extreme waves f o r the 

d e s i g n of the S i n e s breakwater i s given by Mettam e t a l . ( 1972). VJhen the 

p r o j e c t began no wave r e c o r d i n g s were a v a i l a b l e f o r the a r e a near S i n e s , 

and e x t e n s i v e c o n s i d e r a t i o n was given to wave data r e c o r d e d a t other 

l o c a t i o n s along the c o a s t of P o r t u g a l . A summation of the r e c o r d e d data 

a v a i l a b l e i n 1972 f o r d e s i g n purposes i s provided by John D. Mettam of 

B e r t l i n and P a r t n e r s , the l e a d design f i r m f o r the S i n e s breakv/ater: 

"A wave r e c o r d e r had been i n s t a l l e d a t S i n e s i n September 

1971, as soon as i t had become c l e a r t h a t t h i s s i t e would be 

s e l e c t e d f o r the harbour. T h i s , however, had only y i e l d e d 

r e c o r d s f o r one w i n t e r when d e s i g n of the breakwater s t a r t e d , 

and f o r two w i n t e r s when the f i n a l d e c i s i o n had to be made on 

the weight of armor u n i t s . To supplement t h i s r e c o r d an a n a l y s i s 

was made to a s s e s s the probable wave c l i m a t e a t S i n e s from some 

e a r l i e r d e t a i l e d o b s e r v a t i o n s made a t F i g u e i r a da Foz over a 

p e r i o d of 7 y e a r s . " Mettam ( 1 9 7 6 ) . 

The w a v e r i d e r buoy a t S i n e s has been ma i n t a i n e d somewhat i n t e r m i t 

t e n t l y s i n c e 1972. I n a d d i t i o n to the o f f s h o r e buoy, one i s m a i n t a i n e d 

v;i t h i n the harbor. No e f f o r t was made to h i n d c a s t wave data from a v a i l a b l e 

h i s t o r i c a l m e t e o r o l o g i c a l i n f o r m a t i o n . 

I n 1972 and 1973 GAS r e c e i v e d r e p o r t s from i t s c o n s u l t a n t s on a n a l y s i s 

of wave data and d e r i v a t i o n of extreme wave h e i g h t s based on both v i s u a l 

o b s e r v a t i o n s and r e c o r d e d v a l u e s . The r e p o r t of 1972 p r e s e n t e d an a n a l y s i s 

of the v i s u a l data observed a t F i g u e i r a da Foz which i s a p p r o x i m a t e l y 250 

km n o r t h o f S i n e s and taken between 1954 and 1960. I n 1971 a d d i t i o n a l data 

were c o l l e c t e d a t F i g u e i r a da Foz and compared w i t h the Waverider measure

ments a t S i n e s t o o b t a i n a " t r a n s f e r law;" t h i s law v/as i n t u r n used to 
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t r a n s l a t e t he seven-year wave c l i m a t e of F i g u e i r a da Foz t o S i n e s . The 

study showed t h a t wave h e i g h t s up t o 4 meters were 30 per c e n t higher a t 

F i g u e i r a da Foz than a t S i n e s . There was i n s u f f i c i e n t d a t a f o r c o r r e l a t i o n 

of h i g h e r waves. According to B e r t l i n ( p e r s o n a l communication, 1979), a 

d e t a i l e d r e f r a c t i o n study was c a r r i e d out to r e l a t e wave h e i g h t s around 

S i n e s t o the Waverider t h e r e . The 1973 r e p o r t i n c l u d e d an a n a l y s i s of the 

Waverider data from October 1971 t o February 1973. T h i s r e p o r t f u r t h e r 

c l a r i f i e d the " t r a n s f e r lav/" by u s i n g o b s e r v a t i o n s a t o t h e r p o i n t s along 

the Portuguese c o a s t . 

Thus the f i n a l d e sign v/ave e s t a b l i s h e d f o r the breakwater design was 

based on approximately one y e a r of wave r e c o r d s o b t a i n e d a t S i n e s and seven 

y e a r s of o b s e r v a t i o n s o b t a i n e d a t F i g u e i r a da Foz (Mettam, 1976). The 

proc e d u r e s f o l l o w e d i n o b t a i n i n g seven y e a r s of data a r e d e s c r i b e d by 

C a r v a l h o and B a r c e l o ( 1 9 6 6 ) . S i n c e F i g u e i r a da Foz i s l o c a t e d 250 km north 

of S i n e s , Mettam recommended (Mettam, 1976) t h a t equal c o n s i d e r a t i o n should 

be g i v e n t o the one y e a r of data a t S i n e s as to the seven year r e c o r d . 

With t h e s e data, d e s i g n s p e c i f i c a t i o n s v/ere e s t a b l i s h e d as shown i n Table 

4.1. 

Design Development 

I n the i n i t i a l d esign, c o n s i d e r a t i o n was given to a range of p o s s i b l e 

s o l u t i o n s . The main c h o i c e was between rubble mound c o n s t r u c t i o n and 

composite c o n s t r u c t i o n with a v e r t i c a l - f a c e d c a i s s o n s t r u c t u r e l o c a t e d on a 

submerged r u b b l e mound. (Mettam, 1976). 

TABLE 4.1 

BREAKWATER DESIGN CRITERIA (METTAM, 1976) 

Storm Retur n 

P e r i o d 

( Y e a r s ) 

S i g n i f i c a n t 

Wave Height 

H (m) 

Dolos 

Movement Overtopping 

1 6.5 N i l Begins w i t h H 

i n d i v i d u a l 10-11 m 

10 8.5 O s c i l l a t i o n 

o n l y 

30 9.5 B e g i n n i n g of 

displ a c e m e n t 

Severe overtop 

15-16 m H 

i n d i v i d u a l 

100 11.0 1% Damage 
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I n t h e model t e s t s of the breakwater c r o s s - s e c t i o n both r e g u l a r and 

i r r e g u l a r waves were used. For t h e i r r e g u l a r waves, a Pierson-Moskowitz 

v/ave spectrum was assumed. l-Jhen r e g u l a r waves were used, p e r i o d s were 

chosen to r e p r e s e n t a f u l l y r i s e n s e a . These p e r i o d s a r e given i n T a b l e 

4.2. 

TABLE 4.2 

WAVE PERIODS FOR REGULAR 

WAVE MODEL TESTS (METTAM, 1976) 

Height (m) 8 9 10 11 12 13 14 15 

P e r i o d ( s e c . ) 11.5 12.3 12.9 13.5 14.2 14.8 15.3 15.8 

P r e l i m i n a r y t e s t s of t h e breakwater c r o s s - s e c t i o n showed t h a t v e r y 

l a r g e wave f o r c e s would be e x e r t e d on a v e r t i c a l s t r u c t u r e . I t was thought 

by the d e s i g n f i r m t h a t such f o r c e s c o u l d probably have been much reduced 

by the i n t r o d u c t i o n of a p e r f o r a t e d f a c e c o n s t r u c t i o n . However, d e s p i t e 

the c o n s t r u c t i o n problems on such an exposed s i t e , t h e d e s i g n consortium 

decided t h a t t h e proposed r u b b l e mound d e s i g n would be more economical. 

The a v a i l a b i l i t y of s u i t a b l e rock i n ver y l a r g e q u a n t i t i e s was a major 

c o n s i d e r a t i o n i n t h i s d e c i s i o n . I n s e l e c t i n g t h e f i n a l armor design, the 

consortium c o n s u l t e d w i t h Mr. E r i c M e r r l f i e l d of South A f r i c a . 

"With the g r e a t depths a t the s i t e i t was impor t a n t t o adopt 

a form of armoring which allov/ed the seaward f a c e t o be as st e e p 

as p r a c t i c a b l e , to reduce the volume of ru b b l e core, and t o 

r e s t r i c t the r e a c h r e q u i r e d f o r the cranes p l a c i n g heavy armor 

u n i t s . 

D i s c u s s i o n s w i t h Mr. M e r r l f i e l d convinced the d e s i g n e r s 

t h a t d o l os u n i t s v/ould be the b e s t s o l u t i o n c u r r e n t l y a v a i l a b l e . 

Comparative s t u d i e s of dolos and te t r a p o d s d u r i n g the f i r s t 

phase of r e g u l a r wave flume t e s t confirmed t h i s viev/." (Mettam, 

1976.) 

A model of the S i n e s Harbor and a l l i t s approaches v/as b u i l t by LNEC. 

These t e s t s , u s i n g r e g u l a r waves, were used to determine t h e proper o r i e n 

t a t i o n of t h e breakwater and i t s length and t o i d e n t i f y wave a c t i v i t y i n 

the harbor. 

Model T e s t s o f Armor S t a b i l i t y 

A l l model t e s t s undertaken f o r the de s i g n e r v/ere conducted by the 

L a b o r a t o r i o N a c i o n a l de E n g e h a r i a C i v i l (LNEC) i n L i s b o n . The l a b o r a t o r y 

conducted model t e s t s to i n v e s t i g a t e t h e s t a b i l i t y of the armor l a y e r f o r 
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the breakwater as w e l l as t o study wave overtopping, wave f o r c e s on the 

wave w a l l , and the s t a b i l i t y of the armor stone below t l i e armor l a y e r . The 

s t a b i l i t y t e s t s undertaken i n a 1.6-m-wide flume a t a s c a l e of 1:62 were 

r e p o r t e d by Vera-Cruz (1972) and Morals ( 1 9 7 4 ) . 

I n the i n i t i a l d e s i g n the main armor c o n s i s t e d of 3 0 - t dolos on a 

s l o p e of 1:1.5. I n the model t e s t s u s i n g r e g u l a r v/aves, about 2 p e r c e n t 

damage ( d i s p l a c e m e n t ) was caused by waves of 11 m and w i t h p e r i o d s between 

12 and 16 seconds. The f i r s t movement of dolos was i n i t i a t e d with 6 m 

waves, and d i s p l a c e m e n t began w i t h 9 m waves. 

I n response to the i n v i t a t i o n f o r b i d s by the Portuguese Government, 

t h e s u c c e s s f u l b i d d e r proposed an a l t e r n a t i v e d e s i g n which r e t a i n e d the 

f e a t u r e of 3 0 - t dolos on a s l o p e of 1:1.5 as s p e c i f i e d i n the o r i g i n a l 

d e s i g n . (The p r i n c i p a l change a c c o r d i n g to Mettam, 1976, was the widening 

o f t h e breakwater c r e s t to p r o v i d e space f o r c o n s t r u c t i o n equipment and f o r 

t h e o i l p i p e l i n e s , which o t h e r w i s e v/ould have r e q u i r e d a s e p a r a t e 

s t r u c t u r e . ) The c o n t r a c t o r had model s t u d i e s performed on h i s proposed 

c r o s s - s e c t i o n by the L a b o r a t o i r e C e n t r a l d'Hydraulique de France (LCHF). 

These t e s t s w i t h r e g u l a r waves, showed damage of 0.5 t o 1 p e r c e n t 

( d i s p l a c e d d o l o s ) and t h a t 8 p e r c e n t of the dolos were r o c k i n g or d i s p l a c e d 

a t a r e g u l a r wave h e i g h t of 11 m. 

LNEC performed f u r t h e r t e s t s on the v a r i o u s d e s i g n s u s i n g i r r e g u l a r 

waves. Because such s i g n i f i c a n t l e v e l s of damage were noted i n t h e s e 

t e s t s , from 5 t o 35 p e r c e n t , the f i n a l d esign i n c l u d e d an armor l a y e r of 

4 2 - t dolos ( o f t e n r e f e r r e d to as a nominal 4 0 - t u n i t ) . According t o 

Zwamborn ( 1 9 7 9 ) : 

" T e s t s on the f i n a l s e c t i o n i n the LNEC i r r e g u l a r wave fliame 

shov/ed an average damage ( d i s p l a c e m e n t ) f o r 9 t e s t s o f 1.2 

p e r c e n t f o r i r r e g u l a r waves w i t h Hg = 10 m ( r e p o r t e d d u r i n g 

l a b o r a t o r y v i s i t i n June 1978). A few v e r y s h o r t (1.5 hours 

p r o t o t y p e ) t e s t s with the d e s i g n wave h e i g h t , Hg = 11 m, were 

a l s o done t o study overtopping. On the b a s i s of the r e s u l t s of 

t h e s e t e s t s , the 40-t dolos armor was r e p o r t e d t o be s a t i s f a c t o r y . " 

I t s h o u l d be noted t h a t r e c e n t i n v e s t i g a t i o n s (1978) a t a number of 

l a b o r a t o r i e s (LNEC, LCHF, and the N a t i o n a l R e s e a r c h C o u n c i l of Canada) have 

shown s i g n i f i c a n t l y d i f f e r e n t r e s u l t s from those d e s c r i b e d above. These 

a r e d i s c u s s e d i n Chapter 8. 

I n r e f e r e n c e t o communication of the t e s t r e s u l t s between LNEC and the 

d e s i g n consortium Mettam (1979) noted: 
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"The d e s i g n e r s were i n f o r m e d by GAS on t h e b a s i s o f i n f o r 

m a t i o n f r o m LNEC t h a t t h e p r o p o s e d s e c t i o n was a b l e t o r e s i s t 

s a t i s f a c t o r i l y t h e d e s i g n c r i t e r i a d e s c r i b e d i n [ T a b l e 4 . 1 ) . I n 

s p i t e o f r e p e a t e d r e q u e s t s , t h e d e s i g n e r s were n o t shown o r 

g i v e n any o f t h e r e s u l t s o f t h e LNEC model t e s t s . The d e s i g n 

c o n s o r t i u m a l s o r e q u e s t e d GAS t o a r r a n g e f o r t e s t s a t g r e a t e r 

wave h e i g h t s t o i n v e s t i g a t e t h e f i n a l c o l l a p s e c o n d i t i o n b u t 

such t e s t i n g was n o t o r d e r e d by GAS. F u r t h e r m o r e GAS d i d n o t 

pass t o t h e d e s i g n e r s f u l l d e t a i l s o f a l l t h e t e s t s c a r r i e d o u t . " 

D e s i g n D e t a i l s 

E x c e r p t s f r o m Mettam (1976) a r e g i v e n b e l o w w h i c h p r o v i d e d e t a i l s 

o f i n d i v i d u a l components o f t h e b r e a k w a t e r : 

F o u n d a t i o n 

"The main l e n g t h o f t h e b r e a k w a t e r i s f o u n d e d , i n depths 

v a r y i n g f r o m 30 m t o 50 m, on g r a n u l a r d e p o s i t s o v e r l y i n g s h a l e y 

mudstone. The d e p o s i t s c o n s i s t o f sand and g r a v e l i n t h i c k n e s s e s 

o f up t o 12 m. 

" S i t e i n v e s t i g a t i o n s c o m p l e t e d a f t e r t e n d e r s were i n v i t e d , 

showed t h a t t h e s e d e p o s i t s were s u f f i c i e n t l y dense t o s u p p o r t 

t h e b r e a k w a t e r . C a l c u l a t i o n s were made t o check t h e s t a b i l i t y 

u n d e r s u r c h a r g e l o a d i n g s o f up t o 60m o f r u b b l e f i l l i n g . De

t a i l e d c o n s i d e r a t i o n was a l s o g i v e n t o t h e p o s s i b i l i t y o f l i q u e 

f a c t i o n under e a r t h q u a k e c o n d i t i o n s and unde r t h e r e v e r s a l o f 

p r e s s u r e r e s u l t i n g f r o m s e v e r e wave a t t a c k . I t was c o n c l u d e d 

t h a t i t w o u l d n o t be n e c e s s a r y t o remove any bed m a t e r i a l b e f o r e 

p l a c i n g t h e r u b b l e mound. 

"To g u a r d a g a i n s t s c o u r a t o e p r o t e c t i o n was p r o v i d e d con

s i s t i n g o f a 1-m t h i c k f i l t e r l a y e r o f 5-mm t o 100-mm graded 

s t o n e on w h i c h a 2-m t h i c k l a y e r o f c o r e m a t e r i a l s was p l a c e d . 

R u b b l e Core 

"The r o c k , w h i c h has a s p e c i f i c g r a v i t y [ r e l a t i v e t o f r e s h 

w a t e r ] o f 2.9, c o n s i s t s o f gabbro and d i o r i t e . 

"Two grades o f c o r e m a t e r i a l were s p e c i f i e d . The p r i n c i p a l 

g r a d e [TOT*] c o m p l i e s w i t h t h e f o l l o w i n g : 'Core m a t e r i a l s h a l l 

n o t c o n t a i n o v e r b u r d e n o r any c l a y e y o r g a n i c o r o t h e r d e l e t e 

r i o u s m a t e r i a l . I t s h a l l c o n s i s t o f r o c k e v e n l y graded f r o m 1 

k g t o 3,000 k g . I t may c o n t a i n b r o k e n r o c k f i n e s under 1 k g n o t 

e x c e e d i n g 5% by w e i g h t . The q u a n t i t y o f r o c k under ,10 k g i n 

w e i g h t s h a l l n o t exceed 15% by w e i g h t . 

*TOT i s t h e t e r m used by t h e P o r t u g u e s e r e f e r r i n g t o q u a r r y - r u n 

m a t e r i a l u sed i n t h e c o r e . TOT and s e l e c t TOT a r e used t h r o u g h 

o u t t h i s r e p o r t . 
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FIGURE 4.1 FINAL DESIGN CROSS-SECTION OF BREAKWATER 



( C o n t i n u e d f r o m Mettam, 1976) 

"The ' s e l e c t e d ' grade [ s e l e c t TOT*] u s e d i n t h e main c r o s s 

s e c t i o n o n l y above l e v e l -2.5m CD and i n t h e r o o t o f t h e 

b r e a k w a t e r i s s i m i l a r b u t t h e f i n e r m a t e r i a l u n d e r 10 k g i s 

r e s t r i c t e d t o between 5% and 10% by w e i g h t . 

Rock A r m o r i n g and U n d e r l a y e r s 

"Secondary armor o f 3 - t t o 6 - t r o c k i s p r o v i d e d under t h e 

main a r m o r i n g o f d o l o s u n i t s . The s i z e i s d e t e r m i n e d p a r t l y by 

t h e s i z e o f t h e main armor - so t h a t i t c a n n o t be drawn t h r o u g h 

t h e gaps i n between t h e d o l o s - b u t a l s o by t h e r e q u i r e m e n t t h a t 

i t s h o u l d r e s i s t a t t a c k by 3 m t o 4 m waves d u r i n g c o n s t r u c t i o n . 

" T h i s s e c o n d a r y armor s h o u l d be a b l e t o r e t a i n t h e c o r e 

m a t e r i a l , a f t e r f i n e s have been l e a c h e d o u t o f t h e s u r f a c e o f 

t h e c o r e . Hov/ever, a t e r t i a r y l a y e r o f 1/2 t o 1 - t s t o n e was 

added i n t h e most v u l n e r a b l e zone t o reduce t h e amount o f f i n e s 

l e a c h e d o u t o f t h e c o r e n e a r t h e w a v e w a l l . T h i s m a t e r i a l can 

o n l y w i t h s t a n d m i n o r wave a t t a c k and must be p l a c e d j u s t b e f o r e 

t h e 3 - t t o 6 - t s t o n e . 

" A t t h e t o e o f t h e d o l o s f a c e i r r e g u l a r wave t e s t s showed 

t h a t draw down under s e v e r e wave a t t a c k caused damage w i t h 6 - t 

t o 9 - t r o c k as o r i g i n a l l y p r o v i d e d . Stone o f 1 6 - t t o 2 0 - t 

w e i g h t , s u p p o r t e d on 9 - t t o 2 0 - t r o c k p r o v e d s u f f i c i e n t l y 

s t a b l e , b u t o n l y w i t h t h e r e v i s e d shape shown i n ( F i g u r e 4 . 1 ) . 

The t o e armor r e s t s on 0 . 5 - t t o 6 - t r o c k w h i c h a l s o e x t e n d s down 

t h e seaward f a c e . 

"On t h e r e a r f a c e armor i s o n l y p r o v i d e d t o a d e p t h o f 15 m 

b e l o w lov; w a t e r . Rock o f 3 - t t o 6 - t w e i g h t p r o v e d adequate be

cause o v e r t o p p i n g w a t e r i s t h r o w n c l e a r o f t h e v e r t i c a l back 

f a c e o f t h e cap and i t s energy i s d i s s i p a t e d i n w a t e r . 

Main P o l o s Armor 

"The main d o l o s armor u n i t s have a volume o f 16.55 c u m and 

w i t h a c o n c r e t e s p e c i f i c g r a v i t y o f 2.53 w e i g h a p p r o x i m a t e l y 42 

t . 

"The d i m e n s i o n s , p r o v i d e a w a i s t : l e g r a t i o o f 0.35. 

F i l l e t s a t t h e j u n c t i o n o f t h e l e g s have d i m e n s i o n s o f 5% o f t h e 

l e g l e n g t h . [ F i g u r e 4.2 g i v e s t h e d i m e n s i o n s o f t h e d o l o s 

u n i t s . ] 

*TOT i s t h e t e r m used by t h e P o r t u g u e s e r e f e r r i n g t o q u a r r y - r u n 

m a t e r i a l u s e d i n t h e c o r e , TOT and s e l e c t TOT a r e u s e d t h r o u g h 

o u t t h i s r e p o r t . 
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FIGURE 4.2 DIMENSIONS OF THE DOLOS UNITS 



(Continued from Mettam, 1976) 

" C o n s i d e r a t i o n was g i v e n t o p r o v i d i n g r e i n f o r c e m e n t b u t i t 

was n o t done. The b e n e f i t f r o m r e i n f o r c i n g t h i s t y p e o f u n i t i s 

v e r y d o u b t f u l and t h e p o t e n t i a l danger o f damage due t o c o r r o 

s i o n o f t h e s t e e l i s more s e r i o u s . I n s t e a d i t was d e c i d e d t o 

p r o v i d e a h i g h s t r e n g t h c o n c r e t e -MOO k g / s q cm a t 28 days -

made w i t h a low h e a t p o z z o l a n i c cement.... A c o m p r e s s i b l e j o i n t 

i n t h e moulds r e d u c e d t h e t e n d e n c y f o r s h r i n k a g e t o p u t t h e 

t r u n k i n t o t e n s i o n . 

"The d e s i g n o f t h e armor f a c e was based upon t h e recommen

d a t i o n s o f Zwamborn and B e ute (1972) and 155 u n i t s were s p e c i 

f i e d p e r 1,000 sq m o f armor f a c e . To e n s u r e maximum i n t e r l o c k 

i t was r e q u i r e d t h a t t h e c o m p l e t e f a c e be b u i l t i n a s i n g l e 

o p e r a t i o n r a t h e r t h a n i n s e p a r a t e l a y e r s . 

" T h i s method has a l s o been s p e c i f i e d f o r p l a c i n g r o c k armor 

and i s no more d i f f i c u l t t h a n p r o p e r p l a c i n g o f s e p a r a t e l a y e r s . 

H y d r a u l i c model t e s t s showed t h a t t h e number o f d o l o s r e q u i r e d 

c o u l d be p l a c e d i n t h r e e l a y e r s , b u t c o m p a r a t i v e t e s t s c o n f i r m e d 

a t a v e r y e a r l y s t a g e t h a t t h e s p e c i f i e d method o f p l a c i n g i n 

one o p e r a t i o n gave a much more s t a b l e f a c e . No c o m p a r i s o n s were 

made w i t h t h e t h i n n e r , two l a y e r , a r m o r i n g recommended by Water

ways E x p e r i m e n t a l S t a t i o n b u t t h e a u t h o r c o n s i d e r s t h a t d e t a i l e d 

c o m p a r i s o n s w o u l d show t h a t t h e two l a y e r system w o u l d r e q u i r e 

h e a v i e r d o l o s t o g i v e e q u a l s t a b i l i t y . 

"The s p e c i f i e d method o f p l a c i n g i s p a r t i c u l a r l y a d v a n t a 

geous i n a s s i s t i n g i n t e r l o c k i n g on s t e e p s l o p e s , such as t h e 

1:1-1/2 s l o p e a d o p t e d a t S i n e s , and i t i s c o n s i d e r e d t h a t t h e r e 

w o u l d be l i t t l e i f any improvement i n s t a b i l i t y i f a f l a t t e r 

s l o p e were a d o p t e d because i n t e r l o c k d u r i n g p l a c i n g w o u l d be 

r e d u c e d . 

C o n c r e t e C a p p i n g 

"The c a p p i n g c a r r i e s a r o a d and p i p e l i n e s . I t s w i d t h 

r e d u c e s beyond each o i l b e r t h as fev/er p i p e l i n e s a r e r e q u i r e d . 

To a v o i d damage t o t h e p i p e l i n e s t h e r u b b l e mound i s a l l o w e d t o 

s e t t l e f o r 3 months b e f o r e c o n c r e t i n g commences. D e s p i t e t h i s 

p r e c a u t i o n t h e s l a b i s h e a v i l y r e i n f o r c e d t o r e s i s t s t r e s s e s 

i n d u c e d by s e t t l e m e n t , w h i c h may be e x p e c t e d t o c o n t i n u e , 

p a r t i c u l a r l y d u r i n g s t o r m s o r e a r t h q u a k e s . Some damage t o p i p e 

l i n e s and m i n o r s t r u c t u r e s d u r i n g e x t r e m e s t o r m s and s e v e r e 

e a r t h q u a k e s i s o f c o u r s e a c c e p t a b l e p r o v i d e d t h a t t h e main 

s t r u c t u r e s u r v i v e s . " 
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CHAPTER 5 

C o n s t r u c t i o n a t S i n e s B r e a k w a t e r 

The c o n s t r u c t i o n o f t h e S i n e s B r e a k w a t e r was i n i t i a t e d i n May 1974 by 

t h e I t a l i a n f i r m o f C o n d o t t e d'Aqua. The work was e s s e n t i a l l y c o m p l e t e , 

e x c e p t as n o t e d i n t h e f o l l o w i n g p a r a g r a p h s , when t h e s t o r m o f F e b r u a r y 

1978 o c c u r r e d . The b r e a k w a t e r c o n s t r u c t i o n p r o c e d u r e s and t h e o r y were 

t r a n s l a t e d f r o m e x c e r p t s o f a p a p e r p u b l i s h e d i n I t a l i a n by P a o l e l l a and 

A g o s t i n i ( 1 9 7 8 ) . P a o l e l l a and A g o s t i n i d e s c r i b e t h e t h e o r y o f d o l o s armor 

p r o t e c t i o n as f o l l o w s : 

"The way t h a t t h e d o l o s work i s v e r y s i m p l e . One must a b i d e 

by t h e p r e c a u t i o n t h a t t h e y do n o t move. Weight i s t h e f a c t o r 

t h a t c o n n e c t s t h e e l e m e n t s . I n a d d i t i o n , a t l e a s t 60% o f t h e 

d o l o s have t h e v e r t i c a l l e g p e r p e n d i c u l a r t o t h e f a c e o f t h e 

b r e a k w a t e r a t t h e seaward end; t h i s i n f a c t adds f u r t h e r r e 

i n f o r c e m e n t . I n such p o s i t i o n s , t h e d o l o s i n a d d i t i o n t o 

f i t t i n g t o g e t h e r t o c r e a t e a l a r g e n e t , have l e s s t e n d e n c y t o 

r o l l a b o u t . T h i s s t r a t e g y i s o f g r e a t e s t i m p o r t a n c e i n p l a c i n g 

t h e f i r s t row o f d o l o s t h a t c o n s t i t u t e s t h e s u p p o r t f o r t h e 

. s u c c e s s i v e d o l o s . 

The d o l o s a r e m a n u f a c t u r e d o f c o n c r e t e f o r h i g h e r r e s i s 

t a n c e . Dolos t h a t b r e a k d u r i n g p l a c e m e n t are removed f r o m t h e 

s t r u c t u r e ; hov/ever, i t i s n o t d e s i r a b l e t o remove t h o s e d o l o s 

t h a t b r e a k due t o s t o r m s . T h i s c o u l d damage e q u i l i b r i u m a l r e a d y 

e s t a b l i s h e d . 

I t i s n o t n e c e s s a r y t o add s t e e l r e i n f o r c i n g t o t h e u n i t s 

because t h i s does n o t p r e v e n t r o t a t i o n o f t h e arms. The p r e s e n c e 

o f s t e e l , u n d e r a t t a c k o f s e a w a t e r , w o u l d h a s t e n d e t e r i o r a t i o n 

o f t h e s u r r o u n d i n g c o n c r e t e . " 

I t i s i m p o r t a n t t o n o t e t h a t r e c e n t r e s e a r c h i n t h e UK and Norway has 

shown t h a t c o r r o s i o n o f s t e e l i n submerged c o n c r e t e o f h i g h q u a l i t y due t o 

c r a c k s i s o f n e g l i g i b l e c o n c e r n . Hence t h e arguments a g a i n s t r e i n f o r c e m e n t 

o f d o l o s because o f p o t e n t i a l c o r r o s i o n must be l i m i t e d t o t h o s e s i t u a t i o n s 

w h i c h a r e exposed i n t h e t i d a l and s p l a s h zones. 

C o n s t r u c t i o n ( t r a n s l a t e d f r o m P a o l e l l a and A g o s t i n i , 1978) 

For t h e c o n s t r u c t i o n o f t h e S i n e s b r e a k w a t e r , t h e d e s i g n e r s had s p e c i 

f i e d d o l o s , as d e s c r i b e d i n t h e p r e v i o u s s e c t i o n ; t h e c o v e r l a y e r o f t h e 
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b r e a k w a t e r c o n s i s t s o f 4 0 - t d o l o s , w h i l e t h e r o o t and t h e i n s i d e o f t h e 

head a r e made o f 1 5 - t d o l o s . The c o r e i s b u i l t o f q u a r r y s t o n e (TOT) w i t h 

r o c k w e i g h i n g up t o 3000 k g . The c o r e i s p r o t e c t e d by a l a y e r o f s e l e c t 

s t o n e w e i g h i n g 3000 t o 6000 k g w i t h a s l o p e o f 3:4. 

The e x t e r i o r o f t h e c o r e * i s p r o t e c t e d by a f i r s t l a y e r , w i t h s l o p e s 

o f 4:5 and s t o n e s r a n g i n g f r o m 250 t o 1000 k g and by a second l a y e r , s l o p e 

2:3, w i t h s t o n e s f r o m 3000 t o 6000 k g r e s t i n g on a t o e composed o f e l e m e n t s 

w e i g h i n g 500 t o 3000 kg. (The c r o s s - s e c t i o n o f t h e b r e a k w a t e r i s p r e s e n t e d 

i n F i g u r e 4 . 1 ) . 

The d e n s i t y o f t h e d o l o s p l a c e m e n t i s 0.16 d o l o s / m ^ f o r t h e 4 0 - t 

u n i t s and 0.318 dolos/m^ f o r t h e 1 5 - t u n i t s . I t was p l a n n e d , t h e r e f o r e , 

t o use 21,600 4 0 - t d o l o s and 3180 1 5 - t d o l o s . 

The seaward l a y e r o f d o l o s i s p l a c e d t o maximum d e p t h s o f -25 m and i s 

s u p p o r t e d on a l a y e r o f t o e s t o n e v a r y i n g f r o m 9000 t o 20,000 k g . 

The s t o n e was o b t a i n e d f r o m a q u a r r y , l o c a t e d a b o u t 5 km f r o m t h e 

b r e a l c w a t e r ; t h e a b s o l u t e s p e c i f i c w e i g h t o f t h e q u a r r y m a t e r i a l s i s between 

t h e v a l u e s o f 2.88 and 3.00 t/m-'. The w i d t h o f t h e base o f t h e b r e a k 

w a t e r i s o b v i o u s l y a f u n c t i o n o f t h e d e p t h , and v a r i e s f r o m 45 t o 231 

m e t e r s . 

C e l l u l a r r e c t a n g u l a r r e i n f o r c e d c o n c r e t e c o f f e r d a m s , f i l l e d w i t h 

q u a r r y - r u n m a t e r i a l , w i t h base a t -0.5 m, f o r m t h e i n n e r s i d e o f t h e b r e a k 

w a t e r . The p u r p o s e o f t h e c o f f e r d a m s i s t o p r o t e c t t h e b r e a k w a t e r f r o m 

o v e r t o p p i n g . The c o f f e r d a m s c o n s t i t u t e t h e i n t e r n a l s u p p o r t o f t h e s u p e r 

s t r u c t u r e . 

The c o n s t r u c t i o n work was c o m p l e t e d i n t h e f o l l o w i n g phase: 

(1) Core m a t e r i a l was barge-d\amped i n t h e m i d d l e o f t h e c o r e t o f o r m 

t h e berm, up t o e l e v a t i o n -15 m i n t h e w i n t e r , and t o -10 m i n 

t h e summer. 

(2 ) The r e m a i n d e r o f t h e c o r e was p l a c e d by d i r e c t dumping w i t h 50-

and 6 5 - t dump t r u c k s . 

( 3 ) The armor s t o n e was p l a c e d i n d i f f e r e n t l a y e r s by a l a n d - b a s e d 

c r a n e ( o f 1,000-t) and by a barge-mounted c r a n e ( o f 1 , 4 0 0 - t ) . 

*The w e i g h t s o f t h e e l e m e n t s c o m p r i s i n g t h e l a y e r s b e l o w t h e d o l o s were 

d e t e r m i n e d by t h e f o l l o w i n g f o r m u l a s : 

1° l a y e r = = Wj, 

2° l a y e r = = Wi/20 

n» l a y e r = = Wn_i/20 
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( 4 ) D o l o s were p l a c e d f r o m t h e b a r g e t o b r e a k w a t e r e l e v a t i o n o f 4 m. 

( 5 ) D o l o s were p l a c e d f r o m 4 m t o 8 m by l a n d - b a s e d c r a n e . 

( 6 ) The key o f t h e s u p e r s t r u c t u r e f o u n d a t i o n was c o n s t r u c t e d . 

( 7 ) D o l o s were p l a c e d f r o m 8 ra t o 12 m by l a n d - b a s e d c r a n e . 

( 8 ) The c o n c r e t e s u p e r s t r u c t u r e was c o n s t r u c t e d s e c t i o n by s e c t i o n . 

( 9 ) The l a y e r o f d o l o s was c o m p l e t e d by l a n d t o an e l e v a t i o n o f 16 m. 

Phases 2, 3, 4, and 5 were suspended d u r i n g t h e p e r i o d f r o m December 

t o A p r i l i n 1975 and 1976; d u r i n g t h i s t i m e , a t e m p o r a r y h e a d was b u i l t f o r 

p r o t e c t i o n o f t h e c o m p l e t e d work. 

I n c o n j u n c t i o n w i t h t h e ab o v e - m e n t i o n e d phases a n d based on t h e 

c o n s t r u c t i o n s c h e d u l e , 36 d o l o s were m a n u f a c t u r e d p e r work day. These were 

s t o r e d n e a r t h e s i t e i n a y a r d w i t h c a p a c i t y o f 1,000 d o l o s . 

Two work a r e a s were c o n s t r u c t e d w h i c h were s e r v e d by two l a n d c r a n e s 

o f 5 0 - t and 1 2 - t c a p a c i t i e s , w i t h booms o f 22 m and o f 20 m, r e s p e c t i v e l y . 

The c a s t i n g y a r d f o r 1 5 - t d o l o s ( l o c a t e d a t t h e r o o t o f t h e b r e a k w a t e r and 

e l s e w h e r e i n t h e h a r b o r ) was s i m i l a r t o t h a t f o r t h e 4 0 - t d o l o s , b u t u s e d 

c r a n e s o f 2 5 - t and 8 - t c a p a c i t i e s w i t h booms o f 18 and 16 m, r e s p e c t i v e l y . 

The d o l o s were c o n s t r u c t e d w i t h t h e s h a f t i n a v e r t i c a l p o s i t i o n and 

l e g s p a r a l l e l t o t h e gro u n d . The mold was composed o f a movable upper p a r t 

a n d a f i x e d l o w e r p a r t . The l a t t e r was c o n s t r u c t e d f r o m t h e b o t t o m o f t h e 

l o w e r l e g o f two f a c e s o f t h e s h a f t and o f t h e two l a t e r a l l e g s o f t h e 

u p p e r s e c t i o n . 

The molds were a r r a n g e d i n two p a r a l l e l rows o f 18 u n i t s each. Cranes 

were u s e d t o move t h e upper h a l f o f t h e molds row t o row. Every s i t e h a d 

a v a i l a b l e 18 m o b i l e molds and 36 f i x e d molds. V i b r a t o r s on t h e w a l l s o f 

t h e molds p r o v i d e d c o m p a c t i o n o f t h e c o n c r e t e . 

The p r o g r e s s i o n o f w o r k w i t h r e s p e c t t o t h e 4 0 - t d o l o s was as 

f o l l o w s ; 

1 s t Phase; U s i n g t h e 1 2 - t c r a n e , t h e m o b i l e p a r t o f t h e mold was 

p l a c e d on t h e c o r r e s p o n d i n g f i x e d mold. The f i x e d p a r t and t h e m o b i l e 

p a r t o f t h e m o l d were c o n n e c t e d by b o l t s . A t t h e m i d d l e o f t h e m o l d 

were c o n n e c t i o n s f o r t h e j a c k s used f o r o p e n i n g t h e h a l v e s o f t h e 

f i x e d mold. 
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2nd Phase; A f t e r t h e two p a r t s o f t h e mold were b o l t e d t o g e t h e r , i t 

was p l a c e d i n t h e m i d d l e o f a c o n v e y o r t h a t c a r r i e d t h e c o n c r e t e up 

and i n t o t h e mouth o f t h e mold. 

3 r d Phase: The d o l o s were removed w i t h t h e 5 0 - t c r a n e and p l a c e d on 

t h e o u t s i d e o f t h e s i t e . The c r a n e had two e x t e n s i o n s t h a t a l l o w e d 

l a t e r a l o p e r a t i o n s . 

4 t h Phase; A f t e r a b o u t 5 days o u t s i d e t h e m o l d , t h e d o l o s were l o a d e d 

by c r a n e on a s p e c i a l t r u c k and c a r r i e d t o t h e c u r i n g s i t e . 

5 t h Phase: A f t e r t h e d o l o s c u r e d (28 days minimum), t h e y were 

t r a n s p o r t e d t o t h e b r e a k w a t e r t o be c o l l e c t e d f o r l a n d - b a s e d 

o p e r a t i o n s , o r t o t h e b a r g e s f o r use i n sea-based o p e r a t i o n s . 

The m o l d was s t r i p p e d when t h e d o l o s r e a c h e d a r e s i s t a n c e o f 150 

kg/cm2 (2134 p s i ) , a b o u t 48 h o u r s a f t e r c a s t i n g . ï-ïhen l i f t i n g t h e d o l o s 

w i t h s t e e l s l i n g s checks were made f o r c r a c k s t h a t m i g h t have l e d t o damage 

o f t h e c o n c r e t e . For p l a c e m e n t o f t h e d o l o s i n t h e s t o r a g e s i t e , a 

t o n g - t y p e mechanism w h i c h g r a s p e d t h e d o l o s a l o n g t h e s h a f t was used. 

The c o n c r e t e used f o r t h e d o l o s was t y p e B400 w i t h a 28-day 

c o m p r e s s i v e s t r e n g t h o f n o t l e s s t h a n 400 kg/cm^. The f o r m s had a volvime 

o f 18 m^. The t w i n b a t c h p l a n t s had a c a p a c i t y o f 60 m^/hr. 

P a r t i c u l a r a t t e n t i o n was g i v e n t o t h e m a n u f a c t u r e o f c o n c r e t e t o r e a c h 

t h e h i g h c o m p r e s s i v e s t r e n g t h r e q u i r e d and t h e c o r r e c t d e n s i t y . The 

r e s u l t s were s a t i s f a c t o r y . The a v e r a g e c o m p r e s s i v e s t r e n g t h was 539 

kg/cm^ (7668 p s i ) , t h e p r o g r e s s i v e s p e c i f i c r e s i s t a n c e was 469 kg/cm^ 

(6672 p s i ) , and t h e c o e f f i c i e n t o f v a r i a t i o n f r o m t h e mean was 8. 

P r o g r e s s i v e s p e c i f i c w e i g h t o f t h e d o l o s was 2.25 t/m^ (159 I b / f t ^ ) . 

T r a c t o r - t r a i l e r s were u s e d f o r t r a n s p o r t ; t h e s e h a d an o p e n i n g i n 

w h i c h a l e g o f t h e d o l o s c o u l d be p l a c e d f o r s t a b i l i t y . When a r r i v i n g a t 

t h e d e s t i n a t i o n f o r u n l o a d i n g , t h e d o l o s were o r i e n t e d w i t h t h e s h a f t i n a 

h o r i z o n t a l manner so t h a t t h e c r a n e w o u l d n o t have t r o u b l e u n l o a d i n g them. 

F o r t h e p l a c e m e n t o f d o l o s by t h e f l o a t i n g c r a n e , tv/o s e l f - p r o p e l l e d 

p o n t o o n b a r g e s w i t h 188 HP m o t o r s , each h a v i n g a c a p a c i t y o f 800 t , were 

e q u i p p e d w i t h A.H. M25 R e v o l v e r Cranes. Each b a r g e c o u l d t r a n s p o r t 18 4 0 - t 

d o l o s . The b a r g e s used c o u l d f u n c t i o n i n waves o f 2 m and c a r r y 250 d o l o s 
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per week, amounting to 40 m of breakwater per v;eek. The completion of the 

breakwater, as p r e v i o u s l y s t a t e d , was executed by l a n d w i t h a crane of 

c a p a c i t y 1,000-t. 

During the placement of the d o l o s , the breakage, on the average, was 

1.3%, and 0.1% d u r i n g t r a n s p o r t . I n the course of vrark the breakwater was 

a t t a c k e d by e l e v e n storms w i t h maximum wave h e i g h t s v a r y i n g from 6.9 t o 9.3 

The marine work was begun i n May 1974 and was completed i n August 

1977. The completed s t r u c t u r e c o n t a i n e d 12% g r e a t e r d e n s i t y of dolos than 

were o r i g i n a l l y s p e c i f i e d . 

[ E d i t o r ' s Note: end of m a t e r i a l t r a n s l a t e d from the I t a l i a n Report.] 

S t a t e of Breakwater P r i o r t o 26 Fe b r u a r y 1978 

The c o n s t r u c t i o n procedure used f o r the breakwater as rec o r d e d by the 

c o n t r a c t o r was d i s c u s s e d i n the p r e v i o u s s e c t i o n . D e t a i l s of the h i s t o r y 

o f t he c o n s t r u c t i o n up t o the time of the a c c i d e n t as p r e s e n t e d i n GAS 

documents a r e p r e s e n t e d i n t h i s s e c t i o n . The ou t e r p r o t e c t i o n of the 

breakwater was n e a r l y complete by the time of the F e b r u a r y 26, 1978 storm. 

Wave C o n d i t i o n s 

As i n d i c a t e d elsewhere, the wave c o n d i t i o n s a t S i n e s a r e seldom calm. 

D u r i n g c o n s t r u c t i o n a r e c o r d of wave a c t i v i t y was made. The maximxam and 

minimum l e v e l s of wave a c t i v i t y a r e given by week f o r t h e y e a r s 1974-1978 

i n Appendix L. The v a l u e s p r e s e n t e d i n t h e s e t a b l e s a r e not s i g n i f i c a n t 

wave h e i g h t s but i n s t a n t a n e o u s maximum v a l u e s . The l o w e s t v a l u e s a r e the 

s m a l l e s t v a l u e s of the maximum wave h e i g h t r e c o r d e d i n any one r e c o r d 

d u r i n g a week of o b s e r v a t i o n . I t can be seen from t h e s e data t h a t the max

imum wave h e i g h t exceeded 8 m and o c c a s i o n a l l y 9 m d u r i n g c o n s t r u c t i o n of 

th e breakwater. Zwamborn (1979) r e p o r t e d t h a t between 3.5 and 16.8% o f the 

do l o s i n a sampled s e c t i o n were broken by August 1977 due to e i t h e r p l a c e 

ment, s e t t l e m e n t or storms. 

P r o g r e s s i o n of TOT 

Placement of the q u a r r y - r u n m a t e r i a l (TOT) i n the c o r e began i n Novem

ber 1974 and was completed d u r i n g e a r l y summer of 1977. F i g u r e 5.1 shows 

t h e p r o g r e s s i o n of the core of the breakwater by month. ( I n s p e c t i o n of the 

f i g u r e a l s o shows the w i n t e r head of the b r e a k w a t e r ) . A temporary w i n t e r 

head was p l a c e d on the s t r u c t u r e i n 1974, 1976, and 1977. By the w i n t e r of 
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FIGURE 5.1 PROGRESS OF CORE CONSTRUCTION BY MONTH 



1978 t h e permanent head was i n p l a c e . T a b l e s i n A p p e n d i x L g i v e a r e c o r d 

o f t h e p l a c e m e n t o f a l l < ^ a r r y m a t e r i a l on t h e b r e a k w a t e r d u r i n g 1976-1978. 

The t a b l e s a r e c o m p l e t e t h r o u g h March o f 1978. The q u a n t i t i e s i n t h e 

t a b l e s a r e i n h u n d r e d t h o u s a n d t o n s ( m e t r i c ) and a r e t h e a c t u a l emplaced 

v a l u e s f o r w h i c h t h e c o n t r a c t o r was p a i d . Data f o r 1974 and 1975 were n o t 

o b t a i n e d f r o m G a b i n e t e , As n o t e d i n t h e t a b l e s , t h e s e l e c t TOT ( a m a t e r i a l 

s i m i l a r t o t h e o r d i n a r y TOT b u t w i t h few f i n e s ) p r o g r e s s e d v e r y c l o s e l y 

b e h i n d t h e o r d i n a r y TOT. 

P r o g r e s s i o n o f S u p e r s t r u c t u r e 

The i n i t i a l p o u r began i n March 1975. The f i n a l p o u r had n o t been 

made a t t h e t i m e o f t h e s t o r m . Because o f t h e m i l d m a r i t i m e c l i m a t e , 

c o n c r e t e was p l a c e d t h r o u g h o u t t h e y e a r . 

P lacement o f P o l o s 

D o l o s were f i r s t p l a c e d i n September 1974. They were p l a c e d by l a n d -

b a s e d and f l o a t i n g c r a n e s as d e s c r i b e d i n t h e s e c t i o n c o v e r i n g c o n s t r u c t i o n 

p r o c e d u r e . The r a t e o f p l a c e m e n t ( d o l o s / d a y ) v a r i e d g r e a t l y d e p e n d i n g on 

t h e e x e c u t i o n o f o t h e r phases o f t h e p r o j e c t . P lacement o c c u r r e d o n l y when 

t h e waves were l e s s t h a n 2 m. The maximum p l a c e m e n t by sea was 126 p e r day 

w h i l e t h a t f r o m l a n d was 112 p e r day. A c o m p l e t e r e c o r d o f d o l o s p l a c e m e n t 

b y day f r o m 1974 t o 1978 i s g i v e n i n A p p e n d i x F. A summary i s g i v e n i n 

T a b l e 5 , 1 . The o n l y d o l o s p l a c e d i n 1978 ( b e f o r e t h e F e b r u a r y s t o r m ) were 

r e p l a c e m e n t s f o r b r o k e n armor u n i t s ; w h e t h e r t h e s e w e r e b r o k e n d u r i n g 

p l a c e m e n t o r by waves i s unknown. From t h e t a b l e s t h e t o t a l armor u n i t s 

p l a c e d were 10,369 by sea and 9,433 by l a n d . T h i s g i v e s a t o t a l o f 19,802 

p l a c e d d o l o s . 

S t r e n g t h t e s t s were r o u t i n e l y made f o r t h e c o n c r e t e u s e d i n t h e d o l o s . 

The t e s t s were p e r f o r m e d by t h e F i s c a l i z a t i o n D e p a r t m e n t o f GAS; a sample 

o f t h e s t r e n g t h t e s t s i s g i v e n i n T a b l e 5.2. These t e s t s w e r e made i n 1977 

and a r e s i m i l a r t o o t h e r y e a r s o f p r o d u c t i o n . 

M i s s i n g S tone and D o l o s 

A t t h e t i m e o f t h e F e b r u a r y 26, 1978, s t o r m some c o n s t r u c t i o n s t i l l 

r e m a i n e d t o be done n e a r t h e head and a t b e r t h s 1 and 2. The 

s u p e r s t r u c t u r e was i n c o m p l e t e a t t h e head ( t h e wave w a l l h a d n o t y e t been 

p o u r e d ) and some 3-6 t o n s t o n e and d o l o s were m i s s i n g . T h e l o c a t i o n s o f 

m i s s i n g 3-6 t o n s t o n e a r e shown i n F i g u r e 5.2. The a b s e n c e o f d o l o s i n 

f r o n t o f t h e w a v e w a l l i s shown i n F i g u r e 5.3. A summary o f t h e m i s s i n g 

d o l o s i s g i v e n i n T a b l e 5.3. 
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TABLE 5.1 SÜMUftRY OF NUMBERS OF POLOS PLACED EACH MONTH 

(GABINETE DA AREA DE SINES) 

1974 1975 

Y e a r 

1976 1977 1978 

January 

February 

March 

A p r i l 

May 

June 

J u l y 

August 

September 

October 

November 

Sea 

Land 

Sea 

Land 

Sea 

Land 

Sea 

Land 

Sea 

Land 

Sea 

Land 

Sea 

Land 

Sea 

Land 

Sea 

Land 

Sea 

Land 

Sea 

Land 

Sea 

Land 

182 

36 

200 

78 

303 

108 

314 

128 

117 

393 

724 

178 

324 

319 

441 

266 

229 

145 

255 

126 

500 

197 

118 

325 

102 

221 

199 

94 

70 

564 

250 

442 

385 

770 

317 

608 

457 

404 

231 

312 

134 

491 

67 

124 

161 

102 

329 

275 

890 

347 

573 

291 

868 

248 

467 

601 

75 

42 

14 

3 5 



TABLE 5.2 RESULTS OBTAINED FROM COMPRESSION TESTS ON CONCRETE CYLINDERS MADE FROM 

DOLOS DSING B400 BD 1 1 CONCRETE AT 28 DAYS I N 1977 (GAS) 

Average S t r e n g t h 

Month S t r e n g t h ( p a s c a l ) 

January- 5501 

F e b r u a r y 6100 

March 5355 

A p r i l 5247 

May 5237 

June 5247 

J u l y 5090 

A u g u s t 4688 

September 4560 

O c t o b e r 4384 

November * 
December * 

V a l u e s O b t a i n e d D u r i n g t h e P e r i o d 

6/2/77 t o 6/18/77 

S t a n d a r d D e v i a t i o n 369.3 

C o e f f i c i e n t o f v a r i a t i o n 82.3 

S p e c i f i c S t r e n g t h 4519.8 

Average S t r e n g t h 5256.6 

* D o l o s were n o t c a s t i n t h e s e months. 



SECTION D-D SECTION E - E 

FIGURE 5.2 LOCATIONS OF MISSING 3-6 TON STONE AT TIME OF 
STORM 



FIGURE 5.3 LOCATIONS OF MISSING DOLOS AT TIME OF STORM 



TABLE 5.3 

UNPLACED DOLOS ON 26 FEBRUARY 1978 

Ca i s s o n number U n p l a c e d P o l o s 

51 15 

52-56 30 

72 . 15 

78-81 45 

82-83 26 

84 15 

85-87 26 

88-end as many as n e c e s s a r y i n f i n a l phase 

C r o s s - S e c t i o n o f Completed B r e a k w a t e r 

As c o n s t r u c t i o n p r o g r e s s e d , p r o f i l e s o f t h e s t r u c t u r e were made above 

and below t h e w a t e r s u r f a c e . The a v a i l a b l e c r o s s - s e c t i o n s a r e g i v e n i n 

Ap p e n d i x G. These c r o s s - s e c t i o n s below t h e w a t e r s u r f a c e g i v e t h e t o p 

e l e v a t i o n o f t h e 3-6 t o n e f i l t e r l a y e r and t h e s u r f a c e o f t h e t o e o f t h e 

s t r u c t u r e . P r o f i l e s o f t h e f i n a l d o l o s l a y e r s v/ere n o t made. These, o f 

c o u r s e , w o u l d be d i f f i c u l t n o t o n l y t o measure b u t a l s o t o i n t e r p r e t . 

A d d i t i o n a l l y , l o n g i t u d i n a l s u r v e y s o f t h e s t r u c t u r e were made r e g u 

l a r l y t o m o n i t o r s e t t l e m e n t o f t h e s u p e r s t r u c t u r e . F i g u r e 5.4 g i v e s a 

l o n g i t u d i n a l p r o f i l e o f t h e s t r u c t u r e b e f o r e t h e s t o r m . I t i s compared i n 

Chap t e r 6 w i t h t h e c o n d i t i o n s i m m e d i a t e l y a f t e r t h e f a i l u r e o f F e b r u a r y , 

1978. 

C o n s t r u c t i o n I n s p e c t i o n 

I n a d d i t i o n t o t h e o f f i c i a l o n s i t e j o b i n s p e c t i o n by t h e G a b i n e t e , t h e 

d e s i g n c o n s o r t i u m o f B e r t l i n - C o n s u l m a r - L u s o t e c n a made v i s i t s t o t h e s i t e 

f o r t h e i r p e r s o n a l i n s p e c t i o n o f t h e c o n s t r u c t i o n . R e p o r t s were f r e q u e n t l y 

s u b m i t t e d t o t h e GAS, r e c o r d i n g d e v i a t i o n s f r o m t h e d e s i g n and s h o r t c o m i n g s 

i n t h e c o n s t r u c t i o n w h i c h t h e y p e r c e i v e d . They a l s o e x p r e s s e d t h e i r con

c e r n a t t h e c o n s t r u c t i o n s u p e r v i s i o n b e i n g c a r r i e d o u t by GAS and a t what 

t h e y p e r c e i v e d t o be a l a c k o f r e c o r d k e e p i n g . One i t e m i n p a r t i c u l a r was 

t h e l a c k o f c o n t i n u o u s u n d e r w a t e r s u p e r v i s i o n — a d i f f i c u l t t a s k a t b e s t 

c o n s i d e r i n g t h e wave c l i m a t e . Some o f t h e s e r e p o r t s a r e summarized o r 
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r e f e r e n c e d i n t h e i r r e p o r t t o t h e O f f i c i a l P o r t u g u e s e I n v e s t i g a t i n g Commit

t e e . An E n g l i s h t r a n s l a t i o n o f t h a t document i s i n c l u d e d as A p p e n d i x A. 

The r e a d e r i s r e f e r r e d t o t h a t A ppendix f o r r e v i e w o f t h e r e p o r t f i l e d by 

B e r t l i n - C o n s u l m a r - L u s o t e c n a . 

I t s h o u l d be n o t e d t h a t t h e d e s i g n f i r m has p u b l i c l y s t a t e d (Mettam, 

1979) t h a t a number o f d i f f e r e n c e s between t h e c o n s t r u c t e d b r e a k w a t e r and 

t h e d e s i g n s p e c i f i c a t i o n s e x i s t . F u r t h e r m o r e , B e r t l i n a n d P a r t n e r s main

t a i n t h a t t h e r e were d e f i c i e n c i e s i n t h e c o n s t r u c t i o n . These a l l e g a t i o n s 

a r e d e n i e d by t h e c o n t r a c t o r and have n o t been d i s c u s s e d by t h e GAS. 

S p e c i f i c a l l y , t h e f o l l o w i n g i t e m s have been n o t e d by t h e d e s i g n f i r m as 

p o s s i b l e o r known d e f i c i e n c i e s t h a t may have c o n t r i b u t e d t o t h e f a i l u r e : 

" i n c o m p l e t e w a v e w a l l , a d o l o s wedge u n p l a c e d , s e c o n d a r y armor o m i t t e d , 

s e c o n d a r y armor p l a c e d t o o low, d o l o s i n c o r r e c t l y l a i d , s e l e c t e d TOT t o o 

f i n e , p o s i t i o n o f w i n t e r head (may n o t have been f u l l y removed) , secondary 

armor wrong s i z e , t o e armor ( w r o n g p l a c i n g ) , armor l a y e r ( w r o n g p l a c i n g ) , 

TOT g r a d i n g t o o f i n e , TOT t o e p r o t e c t i o n ( w r o n g p l a c i n g ) , f i l t e r l a y e r 

o m m i t t e d . " 

T h e r e i s f u r t h e r d i s c u s s i o n o f t h e s e p o i n t s i n A p p e n d i x A and i n 

Appendix B p r e s e n t i n g t h e c o n t r a c t o r s r e b u t t a l . 

The d e s i g n f i r m has a l s o p u b l i c l y c r i t i c i z e d p r o j e c t management a t 

S i n e s , t h e o r g a n i z a t i o n a l s t r u c t u r e , and t h e l a c k o f p r o v i s i o n s f o r i n s p e c 

t i o n by t h e e n g i n e e r i n g f i r m . John Mettam (Anon., New C i v i l E n g i n e e r , 

June, 1979) c i t e d t h e f a c t t h a t d u r i n g t h e d e s i g n phase a l l r e l e v e n t i n f o r 

m a t i o n f l o w e d t h r o u g h t h e c l i e n t (GAS) r a t h e r t h a n t h r o u g h t h e e n g i n e e r . 

The f i r m t h u s had no s t u d i e s , o r a n a l y s i s o f wave r e c o r d s . I n s t a n c e s were 

c i t e d o f v e r b a l t r a n s m i t t a l o f i m p o r t a n t i n f o r m a t i o n , p a r t i c u l a r l y i n f o r m a 

t i o n h a v i n g t o do w i t h t h e r e s u l t s o f t h e h y d r a u l i c model t e s t s c o n d u c t e d 

by LNEC. P r o j e c t management i n t h e c o n s t r u c t i o n phase was s i m i l a r l y c r i t i 

c i z e d and t h e e x c l u s i o n f r o m i n s p e c t i o n and s u p e r v i s i o n o f t h e work c i t e d . 

F i g u r e s 5.5 and 5.6 i l l u s t r a t e t h e d e s i g n and c o n s t r u c t i o n r e l a t i o n s h i p s 

between t h o s e a s s o c i a t e d w i t h t h e p r o j e c t . "Enormous r e l a x a t i o n s " o f t h e 

s p e c i f i c a t i o n s were c l a i m e d ; some o f t h e s p e c i f i c i t e m s a r e o u t l i n e d i n t h e 

p r e v i o u s p a r a g r a p h . Mettam v i s i t e d t h e s i t e a t t h e expense o f B e r t l i n and 

P a r t n e r s and w r o t e t o GAS a b o u t o b s e r v e d " s h o r t c o m i n g s " i n t h e v/ork. The 

GAS o n - s i t e complement o f e n g i n e e r s v/ere d e s c r i b e d by M e t t a m as b e i n g 

41 



FIGURE 5.5 PRINCIPAL RELATIONSHIPS FOR THE SINES PROJECT DURING THE DESIGN PHASE 
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i n e x p e r i e n c e d as well as t o o few I n number. 

A g a i n , GAS has r e m a i n e d s i l e n t on t h e s e a l l e g a t i o n s . 

The c o n t r a c t o r , C o n d o t t e d'Acqua, responded t o some o f t h e s e c l a i m s 

t h e s t a t e m e n t t o t h e O f f i c i a l P o r t u g u e s e I n v e s t i g a t i n g C o m m i t t e e . 

" G l o b a l l y e x a m i n i n g t h e document o f t h e C o n s u l t a n t s we may 
c o n c l u d e t h a t t h e remarks t h e r e i n a r e e x t r e m e l y o v e r s i m p l i f i e d 
n o t t o use s t r o n g e r word. ' 

"They c o n s i s t i n a s c r i b i n g t o t h e e x e c u t i o n some d e f e c t s 

t h a t n o t even t h e C o n s u l t a n t s t h e m s e l v e s know i f t h e y e x i s t - i f 

t h e y knew, t h e y w o u l d n o t c a l l them " p r o b a b l e " o r " p o s s i b l e " -

and, a l t h o u g h n o t p u t t i n g i t i n w r i t i n g , t h e y want t o make 

b e l i e v e t h a t a l l t h o s e pseudo d e f e c t s o f e x e c u t i o n were t h e cause 

o f t h e a c c i d e n t . However, t h e y d i d n o t even a t t e m p t t o 

d e m o n s t r a t e , d e f e c t by d e f e c t , what was t h e i r p o s s i b l e i n f l u e n c e 

i n t h e a c c i d e n t as i t o c c u r r e d . 

"And, on t h e o t h e r hand, t h e y c o m p l e t e l y i g n o r e d a l l t h e 

c i r c u m s t a n c e s - i n a d d i t i o n t o such pseudo d e f e c t s - w h i c h c o u l d 

h a v e caused t h e a c c i d e n t . Thus, t h e y were n o t i n t e r e s t e d i n 

k n o w i n g what had a c t u a l l y been t h e c o n d i t i o n o f t h e sea d u r i n g 

t h e s t o r m p e r i o d , t h e y d i d n o t t a k e i n t o c o n s i d e r a t i o n t h e t e s t s 

m model p e r f o r m e d a t t h e l a b o r a t o r i e s i n L i s b o n (L.N.E.C.), o f 

Canada ( N a t i o n a l Research C e n t e r ) and o f P a r i s (L.C.H.F.)- t h e y 

d i d n o t t a k e i n t o c o n s i d e r a t i o n whatsoever t h e q u a l i f i e d o p i n i o n s 

o f e x p e r t s r e c o g n i z e d l y e x p e r i e n c e d i n m a r i t i m e w o r k s i n deep 

w a t e r s . For them e v e r y t h i n g comes down t o t h r o w i n g d o u b t s on t h e 

I n s p e c t o r a t e and t h e e x e c u t i o n o f t h e works i n an a r b i t r a r y and 

o v e r s i m p l i f i e d manner." 

The c o m p l e t e s t a t e m e n t , t r a n s l a t e d f r o m t h e P o r t u g u e s e , i s i n A p p e n d i x B. 
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c h a p t e r 6 

The S t o r m o f 26 F e b r u a r y 1978 

A s e r i e s o f m a j o r l o w p r e s s u r e d i s t u r b a n c e s were l o c a t e d o f f t h e c o a s t 

o f P o r t u g a l d u r i n g t h e l a t t e r p a r t o f F e b r u a r y 1978. The f i r s t r e a c h e d t h e 

m i d - A t l a n t i c a b o u t F e b r u a r y 20 o r 21 and t h e second f o l l o w e d a b o u t 3 o r 4 

days l a t e r . The wave a c t i o n accompanying t h i s s t o r m was d e s c r i b e d b r i e f l y 

i n t h e M a r i n e r ' s H e a t h e r Log (May, 1 9 7 8 ) * . A t noon on t h e 2 4 t h , t h e second 

c e n t e r was a t a b o u t 48° N, 37° W, w i t h t h e v e s s e l C h e s h i r e a t 43° N 38° W 

r e p o r t i n g 12.5 m seas and 20.1 m s w e l l s . A t 1800 on t h e 2 5 t h , t h e v e s s e l , 

M o r e t o n Bay, a t 43° N, 21° W, r e p o r t e d 18.0 m s w e l l s a t 1800. The M o r e t o n 

Bay was a t t h a t t i m e about 580 m i l e s west o f S i n e s . The m a j or damage t o 

t h e S i n e s b r e a k w a t e r i s r e p o r t e d t o have t a k e n p l a c e on t h e a f t e r n o o n o f 

t h e 2 6 t h . 

I n a d d i t i o n t o t h e d e s c r i p t i v e i n f o r m a t i o n f o u n d i n t h e M a r i n e r ' s 

Weather Log, wave c o n d i t i o n s o f f S i n e s have been e s t i m a t e d f r o m 

m e t e o r o l o g i c a l c o n d i t i o n s and compared w i t h v i s u a l o b s e r v a t i o n s made f r o m 

p a s s i n g w e a t h e r s h i p s r e p o r t i n g t o t h e U n i t e d Kingdom M e t e o r o l o g i c a l 

o f f i c e . A r e p o r t p r e p a r e d f o r t h e P o r t S i n e s I n v e s t i g a t i n g P a n e l by Mr. 

L a u r e n c e D r a p e r o f t h e U.K. I n s t i t u t e o f O c e a n o g r a p h i c S c i e n c e s ( l O S ) i s 

g i v e n i n A p p e n d i x D. The U.K. M e t e o r o l o g i c a l O f f i c e p r e p a r e d a summary o f 

t h e w i n d - f i e l d s o v e r t h e a r e a between 5° and 40° W and between 30° N a n d 

50° N. From t h e i r r e s u l t s wave h i n d c a s t s were p r e p a r e d u s i n g t h e lOS 

o c e a n i c w a v e - p r e d i c t i o n g r a p h s , and t h e s w e l l component was e s t i m a t e d based 

on an a n a l y s i s o f s w e l l decay by t h e London Weather C e n t e r . However, i t 

was d e t e r m i n e d t h a t t h e e f f e c t o f s w e l l s a r r i v i n g a t t h e c o a s t l i n e a t t h e 

same t i m e as t h e s t o r m - g e n e r a t e d waves was v e r y s m a l l . The U.K. 

M e t e o r o l o g i c a l O f f i c e has l i s t e d v i s u a l e s t i m a t e s o f wave c o n d i t i o n s w i t h i n 

3° l o n g i t u d e w e s t o f S i n e s , and t h e s e a r e p r e s e n t e d i n Appendix D. I t i s 

e mphasized t h a t t h e s e v i s u a l e s t i m a t e s , a l o n g w i t h t h e v i s u a l o b s e r v a t i o n s 

r e f e r e n c e d f r o m t h e M a r i n e r ' s Weather Log, must be t r e a t e d w i t h 

c o n s i d e r a b l e c a u t i o n . 

* E n v i r o n m e n t a l Data S e r v i c e , N a t i o n a l Oceanic and A t m o s p h e r i c 

A d m i n i s t r a t i o n Volume 22, No. 3, May ( 1 9 7 8 ) . 
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R e s u l t s o f t h e s e a n a l y s e s a r e p r e s e n t e d I n F i g u r e 6.1. T h i s f i g u r e 

p r e s e n t s a c o m p a r i s o n o f v i s u a l o b s e r v a t i o n s o f waves and wave r e c o r d i n g s 

o b t a i n e d a t Cabo da Roca w i t h t h e h i n d c a s t e d v a l u e s f o r S i n e s . The 

" b r o k e n " v i s u a l l i n e i s used t o c o n n e c t o b s e r v a t i o n s w h i c h were t a k e n a t 

i n t e r v a l s l a r g e r t h a n s i x h o u r s . The wave r e c o r d i n g s a t Roca a r e used f o r 

c o m p a r i s o n , s i n c e t h e D a t a w e l l W a v e r i d e r a t Sin e s v;as n o t o p e r a t i n g d u r i n g 

t h e peak o f t h e s t o r m . (The d e t a i l s o f t h e measured wave d a t a f r o m Cabo da 

Roca and S i n e s w i l l be d e s c r i b e d b e l o w . ) Comparison o f t h e h i n d c a s t , 

v i s u a l , and w a v e r i d e r d a t a show r e a s o n a b l e c o r r e l a t i o n f o r t h e maximum 

s i g n i f i c a n t wave on F e b r u a r y 26. Based on t h i s c o r r e l a t i o n , t h e s t a t i s t i c s 

o f t h e wave d a t a f r o m t h e w a v e r i d e r a t Roca a r e u s e d t o i n f e r t h e wave 

s t a t i s t i c s a t S i n e s . From t h e f i g u r e , t h e s t o r m s p r e c e d i n g and f o l l o w i n g 

t h e peak on F e b r u a r y 26 a r e v e r y o b v i o u s . On b o t h F e b r u a r y 23 and 25 t h e 

waves h a d a s i g n i f i c a n t h e i g h t o f 5 m and a g a i n on t h e 2 8 t h t h e s i g n i f i c a n t 

wave exceeded 5 m. Based on t h i s f i g u r e i t can be assumed t h a t t h e maximum 

s i g n i f i c a n t wave h e i g h t o f f s h o r e o f Sines was a t l e a s t 8 m. 

A c u r s o r y a n a l y s i s by t h e U.K. M e t e o r o l o g i c a l O f f i c e gave t h e 

f o l l o w i n g r e t u r n p e r i o d s f o r wi n d s p e e d o f f t h e P o r t u g u e s e c o a s t f r o m 

S i n e s . 

TABLE 6.1 

RETURN PERIOD FOR WINDS WEST OF SINES 

Wind Speed R e t u r n P e r i o d 

( k t ) ( y e a r s ) 

62 50 

56 10 

48.5 1 

The a n a l y s i s by t h e U.K. M e t e o r o l o g i c a l O f f i c e showed t h a t a l t h o u g h 

w i n d s i n excess o f 60 km were p r e s e n t o f f s h o r e , t h e s e w i n d s d i d n o t p e r s i s t 

l o n g a t S i n e s i f t h e y e x i s t e d a t a l l . A c c o r d i n g t o D r a p e r : 

" I t may be assumed t h a t w h i l s t t h e w i n d - f i e l d a t o r near 

S i n e s may n o t have been worse t h a n , o r may even n o t have 

a c h i e v e d , t h e 10-year l e v e l , t h e s w e l l a r r i v i n g a t t h e c o a s t 

w o u l d p r o b a b l y have been more s e v e r e t h a n t h e S i n e s w i n d s 

i n d i c a t e d , b u t t h a t t h e r e i s no f i r m e v i d e n c e on w h i c h t o base an 

o b j e c t i v e assessment o f t h e r a r i t y o f t h e e v e n t . I t i s p o s s i b l e 

t h a t t h e ave r a g e r e t u r n p e r i o d o f t h e waves was o f t h e o r d e r o f 

10 y e a r s . " 
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FIGURE 6.1 COMPARISON OF HINDCASTED WAVES WITH THOSE 
OBSERVED FROM PASSING SHIPS AND THOSE MEASURED 
AT CABO DA ROCA FROM FEBRUARY 22 TO MARCH 2, 1978 
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B e f o r e , a f t e r and d u r i n g p a r t o f t h e s t o r m o f F e b r u a r y 1978, two D a t a -

w e l l w a v e r i d e r buoys r e c o r d e d t h e waves i n s i d e and o u t s i d e t h e main b r e a k 

w a t e r . The o u t s i d e buoy was l o c a t e d one km s o u t h w e s t o f t h e head i n 64 m 

d e p t h . A t S i n e s t h e w a v e r i d e r o u t p u t s were programmed t o be r e c o r d e d 

g r a p h i c a l l y w i t h r e c o r d s o f 20 m i n u t e s f o r t h e o u t s i d e s i t e and 30 m i n u t e s 

f o r t h e i n s i d e s i t e a t 6 h o u r i n t e r v a l s . U n f o r t u n a t e l y , t h e o u t s i d e wave

r i d e r d i d n o t f u n c t i o n d u r i n g t h e most i n t e n s e p a r t o f t h e s t o r m . A t Cabo 

da Roca ( a p p r o x i m a t e l y 100 km n o r t h o f S i n e s ) a w a v e r i d e r was a b l e t o r e 

c o r d wave d a t a t h r o u g h o u t t h e s t o r m . The s i g n a l f r o m t h e buoy a t Cabo da 

Roca r e c o r d e d f o r 20 m i n u t e s e v e r y 6 h o u r s . I n a d d i t i o n , on t h e 2 6 t h a t 

1630 h o u r s a 9 0 - m i n u t e r e c o r d was made a t t h e Cabo da Roca s i t e . 

These d a t a were a n a l y z e d by LNEC u s i n g t h e T u c k e r - D r a p e r Method o f 

a n a l y s i s f o r t h e S i n e s d a t a . For Cabo da Roca d a t a t h e T u c k e r - D r a p e r 

a n a l y s i s was augmented by s p e c t r a l a n a l y s e s . A summary o f maximum wave 

h e i g h t i n excess o f 7.0 m i s g i v e n i n T a b l e 6.2. C o r r e s p o n d i n g l y , s i g n i f i 

c a n t wave h e i g h t s were d e t e r m i n e d . These r e s u l t s a r e p r e s e n t e d i n T a b l e 

6.3 f o r s i g n i f i c a n t wave h e i g h t s i n excess o f 5.5 m. I n T a b l e 6.4 v a l u e s 

o f mean p e r i o d s f r o m z e r o u p c r o s s i n g a n a l y s i s a r e g i v e n f o r r e c o r d s w i t h 

Tg, g r e a t e r t h a n 10.0 sec. E v i d e n c e b e f o r e and a f t e r t h e s e s t o r m s i n d i 

c a t e s t h a t t h e g e n e r a t i n g c o n d i t i o n s were such t h a t t h e o b s e r v a t i o n s a t 

Roca c o u l d be t r a n s l a t e d t o S i n e s w i t h some c o n f i d e n c e . The a c t u a l r e c o r d 

i n g s a t S i n e s b e f o r e and a f t e r t h e i n s t r u m e n t f a i l u r e t h e r e on 25-27 

F e b r u a r y show good agreement between t h e o u t s i d e gauge and t h e gauge a t 

Cabo da Roca. T h e r e f o r e , i t has been assumed t h a t t h e d a t a p r e s e n t e d i n 

T a b l e s 6.2-6.4 a r e a r e a s o n a b l e e s t i m a t i o n o f t h e wave a c t i v i t y o f f s h o r e o f 

S i n e s . An i n d i c a t i o n o f t h e r e a s o n a b l e n e s s o f t h i s a s s u m p t i o n can b e s t be 

seen i n F i g u r e 6.1 p r e s e n t e d p r e v i o u s l y , c o m p a r i n g t h e s i g n i f i c a n t waves a t 

Cabo da Roca w i t h t h e v i s u a l o b s e r v a t i o n s and h i n d c a s t s . The s i g n i f i c a n t 

wave h e i g h t s p r e s e n t e d i n t h e f i g u r e a r e based on a T u c k e r - D r a p e r method o f 

a n a l y s i s and a r e somewhat d i f f e r e n t f r o m t h o s e g i v e n i n T a b l e 6.3. D u r i n g 

t h e maximum i n t e n s i t y o f t h e s t o r m , t h e maximum s i g n i f i c a n t wave was a b o u t 

8.5 m w i t h a peak p e r i o d o f 18 seconds. 

A h i s t o r y o f t h e wave h e i g h t s d u r i n g t h e s t o r m was s y n t h e s i z e d f o r 

S i n e s f r o m t h e r e c o r d s a t Cabo da Roca. T h i s i s shown i n F i g u r e 6.2. Note 

t h a t a l l t i m e s g i v e n a r e l o c a l t i m e s . A sample o f t h e wave r e c o r d o f 
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Cabo da Roca i s shovm i n F i g u r e 6.3. The d a t a o f Cabo da Roca have n o t 

been t r e a t e d t o a c c o u n t f o r any r e f r a c t i o n t h a t may e x i s t t h e r e . (LNEC had 

some r e f r a c t i o n d i a g r a m s made f o r Cabo da Roca. The d a t a f r o m Cabo da 

Roca, u n f o r t u n a t e l y , d i d n o t by any means r e p r e s e n t o f f s h o r e c o n d i t i o n s . 

November 1979 c o r r e s p o n d e n c e f r o m LNEC.) 

T a b l e 6.2 

imXIMUM WAVE HEIGHTS* DETERMINED 

FROM TUCKER-DRAPER METHOD AT CABO DA ROCA 

H (m) Day Time 

8.88 23 Feb. 1978 1200 h o u r s 

9.60 23 1800 

7.33 24 0600 

7.90 26 0000 

10.40 26 0600 

11.37 26 1200 

10.40 26 1630 

10.23 26 1800 

8.45 27 0000 

7.40 27 0600 

7.07 28 1800 

8.83 1 Mar. 0000 

8.40 1 0600 

7.82 1 1200 

* I n excess o f 7.0 m. 

An i n d e p e n d e n t a n a l y s i s o f t h e wave d a t a was made by t h e L a b o r a t o i r e 

C e n t r a l d ' H y d r a u l i q u e de Fran c e . I n a d d i t i o n , t h e y h i n d c a s t e d t h e waves 

t h a t e x i s t e d a t S i n e s d u r i n g t h e F e b r u a r y 1978 s t o r m . The h i n d c a s t e f f o r t 

g i v e s an i n c i d e n t d eep-water s i g n i f i c a n t wave o f 6.25 m on t h e 2 3 r d and 10 

m on t h e 2 6 t h . The c o r r e s p o n d i n g wave p e r i o d s were c a l c u l a t e d t o be 13.8 

sec and f r o m 18 t o 20 sec, r e s p e c t i v e l y . LCHF s u g g e s t s t h a t d u r i n g t h e 

peak o f t h e s t o r m t h e f o l l o w i n g c o n d i t i o n s p r e v a i l e d (See A p p e n d i x D ) : 
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Hg = 9.5 t o 10 m ( s i g n i f i c a n t wave h e i g h t ) 

"max - 14 t o 17 m (maximum wave h e i g h t ) 

T j , = 12 t o 14 s e c ( Z e r o - c r o s s i n g p e r i o d ) 

Tp = 18 to 20 s e c (maximum, pealc p e r i o d ) 

A d d i t i o n a l l y LCHF performed n u m e r i c a l and model r e f r a c t i o n s t u d i e s . The 

r e f r a c t i o n a n a l y s e s showed t h a t i n c e r t a i n a r e a s of the breakwater the 

r e f r a c t i o n a n a l y s i s f o r w e s t e r l y waves w i t h 16 t o 22 s e c p e r i o d s i n c r e a s e d 

t h e wave h e i g h t on the average by 20%, w i t h maximum v a l u e s of 50%. I n the 

a r e a o p p o s i t e b e r t h number 2 the waves were reduced up t o 15% from the 

i n c i d e n t wave c o n d i t i o n s . 

T a b l e 6.3 

SIGNIFICANT WAVE HEIGHTS IN EXCESS OF S.5 m 

BASED ON TnCKER-DRAPER ANALYSIS AT CABO DA ROCA 

H (m) Day Time 

5.56 23 Feb. 1978 1200 

6.39 26 0600 

8.06 26 1200 

6.60 26 1630 

6.62 26 1800 

6.04 1 Mar. 0600 

T a b l e 6.4 

VALUES OF MEAN PERIOD FOR WAVES 

WITH T^ GREATER THAN 10 SEC AT CABO DA ROCA 

T ( s e c ) Day Time 

12.24 23 Feb. 1978 1200 

10.00 23 1800 

12.24 26 0600 

12.63 26 1200 

11.21 26 1630 

10.43 26 1800 

10.86 1 Mar. 0600 

50 



10 

DURATION IN DAYS : I200N 19 FEBRUARY-2400M 02 MARCH 

FIGURE 6.2 SYNTHESIS OF WAVE RECORD AT SINES FROM RECORDED 

DATA AT CABO DA ROCA (MANSARD AND PLOEG, 1978) 



FIGURE 6 3 SAMPLE OF WAVE RECORD FROM CABO DA ROCA ON 
FEBRUARY 26, 1978 



CHAPTER 7 

S t a t u s of Breakwater A f t e r Storm 

Because of the magnitude of the storm on F ebruary 26, 1978 and the 

storms t h a t f o l l o w e d immediately, no damage assessment c o u l d be taken f o r 

s e v e r a l days. I t i s p o s s i b l e t h a t some a d d i t i o n a l damage may have o c c u r r e d 

d u r i n g the f o l l o v / i n g storms, s i n c e these had s i g n i f i c a n t wave h e i g h t s of up 

t o 5.5 m. Assessment of the damage on the S i n e s breakwater began the f i r s t 

week i n March. A s\immary of the o b s e r v a t i o n s made a t t h a t time a r e 

i n c l u d e d i n t h i s s e c t i o n . 

C r o s s - S e c t i o n of the Breakwater 

Perhaps the most r e v e a l i n g data of the f a i l u r e i s c o n t a i n e d i n the 

c r o s s - s e c t i o n p r o f i l e s of the s t r u c t u r e made i n mid-March 1978. The 

p r o f i l e s made a f t e r the storm have been compared w i t h t h e design s e c t i o n 

and the p r o f i l e measured b e f o r e the storm. These measurements were made 

by d i v e r s and t a g l i n e s . These p r o f i l e s a r e shown i n Appendix G. A summary 

or t y p i c a l s e c t i o n i s p r e s e n t e d i n F i g u r e 7.1. U n f o r t u n a t e l y no p r o f i l e s 

were a v a i l a b l e of the f i n a l s e c t i o n before the storm; o n l y the p r o f i l e s 

made b e f o r e the dolos were p l a c e d a r e a v a i l a b l e . Only i n a few c a s e s d i d 

t h e underwater s u r v e y s extend down t o the base of the s t r u c t u r e or up t o 

t h e s u p e r s t r u c t u r e . The l o c a t i o n of each s e c t i o n i s keyed to the 

c o r r e s p o n d i n g c a i s s o n . 

A d d i t i o n a l l y , l o n g i t u d i n a l p r o f i l e s were made on the s t r u c t u r e . These 

p r o f i l e s were made a t t h r e e p o i n t s on the s u p e r s t r u c t u r e : the top of the 

c a i s s o n s u p p o r t i n g the s u p e r s t r u c t u r e , the top of t h e lower roadway, and 

the top of t h e wave w a l l . The p r o f i l e s a r e shown i n F i g u r e 7.2. 

Underwater I n v e s t i g a t i o n s 

The s u r v e y s made by the Portuguese Navy are p r e s e n t e d i n Appendix G. 

T h e i r s u r v e y s c o n s i s t e d p r i m a r i l y of v i s u a l o b s e r v a t i o n s of bottom m a t e r i a l 

and depth soundings. No o f f i c i a l underwater photographs were made. How

ever, an employee of the c o n t r a c t o r d i d make s e v e r a l d i v e s and f i l m e d on 

Super 8 mm the damage t o the s t r u c t u r e belov; water. These f i l m s showed 

numerous broken dolos a t a l l depths. T^TO members of the p a n e l , O r v i l l e T. 

Magoon and B i l l y L. Edge, a l s o v i s i t e d the s i t e i n August 1978 and d i v e d on 

the s t r u c t u r e w i t h the Navy d i v e r s . The d i v e r s made a d e s c e n t a l o n g the 
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POSITION OF FILTER STONES BEFORE THE PLACEMENT OF DOLOS 

PROFILE AFTER THE STORM 

FIGURE 7.1 A TYPICAL CROSS-SECTION AS OBSERVED BY DIVERS 
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f a c e of the breakwater near c a i s s o n number 81 ( t h e s e numbers are l o c a t e d i n 

F i g u r e 5.2) t o a depth of -30 m where the bed r o c k i s a t a depth of -45 m. 

From t h e r e they swam along a t t h a t depth t o a p o i n t near c a i s s o n 83 and 

ascended over the f a c e of the breakwater. On t h e i r d i v e no whole or i n t a c t 

d o l o s were observed. Moreover, v e r y l i t t l e o t h e r m a t e r i a l was l y i n g w i t h 

the fragments of dolos e x c e p t a t the maximum depths reached. E s s e n t i a l l y 

t h e i n s p e c t i o n by the p a n e l members c o r r o b o r a t e d the data r e p o r t s 

r e f e r e n c e d i n Appendix I by t h e Navy d i v e r s t h a t v i r t u a l l y a l l of t h e 

underv/ater u n i t s were broken, i r r e s p e c t i v e of the s t a t e of the dolos above 

the water l e v e l . I t a l s o r e v e a l e d r e c e n t movements of the broken d o l o s 

p a r t s . 

P o l o s Movement a t t h e Head of t h e Breakwater 

S e v e r a l dolos around the head were marked b e f o r e the storm to measure 

s e t t l e m e n t of the s t r u c t u r e . F i g u r e 7.3 g i v e s the l o c a t i o n of t h e s e 

i n d i v i d u a l armor u n i t s . H o r i z o n t a l and v e r t i c a l c o n t r o l was run on t h e s e 

armor u n i t s on 6 January 1978. A f t e r the storm, the u n i t s were l o c a t e d 

h o r i z o n t a l l y and v e r t i c a l l y once a g a i n on 10 March 1978. However, o n l y 

u n i t s d. 1 t o d. 7 c o u l d be found. A summary of the movement of the u n i t s i s 

g i v e n i n T a b l e 7.1. The l a r g e s t observed movements were 0.46 m h o r i z o n 

t a l l y of one u n i t and 0.4 m v e r t i c a l l y o f another u n i t . Of c o u r s e , the 

movements of d.8 - d.11 were s i g n i f i c a n t l y more. ( O r d i n a t e X i s n o r t h and 

a b s c i s s a Y i s e a s t . ) 

TABLE 7.1 

NET MOVEMENT OF INDIVIDUAL DOLOS AT THE HEAD 

AS DETERMINED BY PRE- AND POST-STORM SURVEYS (METERS) 

Dolos X Y V e r t i c a l 

d. 1 -0.12 0.09 0.20 

d.2 -0.21 -0.03 0.16 

d.3 -0. 19 -0.01 0.14 

d.4 -0.13 -0. 10 0.19 

d. 5 0.20 -0.42 0.04 

d.6 -0.21 -0.05 0.16 

d.7 0.01 -0.11 0.40 

d.8 - - -
d.9 - - -
d.10 - - -
d. 11 - - -
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FIGURE 7.3 LOCATION OF INDIVIDUAL DOLOS AT HEAD FOR WHICH 
PRE AND POST STORM POSITIONS WERE OBTAINED 



P h o t o g r a p h i c R e c o r d 

The most i m p r e s s i v e d o c u m e n t a t i o n o f t h e r e s u l t s o f t h e s t o r m i s t h a t 

w h i c h was r e c o r d e d p h o t o g r a p h i c a l l y . S e l e c t e d p h o t o g r a p h s o f t h e damage on 

t h e s u p e r s t r u c t u r e and on t h e ocean f a c e o f t h e b r e a k w a t e r a r e i n c l u d e d i n 

A p p e n d i x H. 

V i s u a l O b s e r v a t i o n s o f Armor L a y e r 

I n many s e c t i o n s o f t h e b r e a k w a t e r t h e d o l o s armor above t h e w a t e r 

l e v e l was c o m p l e t e l y removed, l e a v i n g t h e p r i m a r y f i l t e r l a y e r , and i n some 

cases t h e c o r e m a t e r i a l , exposed. O n l y n e a r b e r t h number 3 and s h o r e w a r d 

d i d t h e armor l a y e r r e m a i n i n t a c t . Near t h e head, as i n d i c a t e d p r e v i o u s l y , 

some s e t t l e m e n t and a f e w b r o k e n u n i t s were o b s e r v e d . Between t h e head and 

b e r t h number 3 t h e h e a v i l y damaged s e c t i o n s were d i s t r i b u t e d as shown i n 

F i g u r e 7.4. I t must a g a i n be emphasized t h a t a l t h o u g h t h e armor u n i t s were 

i n t a c t above t h e w a t e r l e v e l i n some l o c a t i o n s , t h e armor u n i t s were 

b y - a n d - l a r g e damaged belo w t h e v/ater l e v e l . 
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FIGURE 7 4 PLAN OF BREAKWATER SHOWING DAMAGE 
LOCATIONS FROM FEBRUARY 1978 STORM 



CHAPTER 8 

S t u d i e s Subsequent t o F a i l u r e 

S t u d i e s have been made by s e v e r a l h y d r a u l i c l a b o r a t o r i e s s i n c e t h e 

F e b r u a r y s t o r m o f 1978. These s t u d i e s have been d i r e c t e d t o w a r d s t h e 

h y d r a u l i c d e s i g n and p e r f o r m a n c e o f t h e main b r e a k w a t e r . S t u d i e s have been 

p e r f o r m e d by t h e N a t i o p a l Research C o u n c i l o f Canada w i t h s u p p o r t o f t h e 

Canadian D e p a r t m e n t o f P u b l i c Works t o e v a l u a t e t h e p e r f o r m a n c e o f t h e 

d o l o s armor l a y e r u n d e r t h e s t o r m c o n d i t i o n s t h a t o c c u r r e d a t S i n e s . 

L i k e v / i s e , t h e L a b o r a t o r i o N a c i o n a l de E n g e n h a r i a C i v i l , LNEC, t h e c i v i l 

e n g i n e e r i n g l a b o r a t o r y o f t h e P o r t u g u e s e government, has made s e v e r a l t e s t s 

t o s i m u l a t e t h e p e r f o r m a n c e o f t h e d o l o s under t h e s t o r m c o n d i t i o n s and 

d e s i g n c o n d i t i o n s . I n a d d i t i o n , t h e L a b o r a t o i r e C e n t r a l d ' H y d r a u l i q u e de 

F r a n c e has made s t u d i e s on t h e e f f e c t s o f r e f r a c t i o n and s h o a l i n g o f l o n g 

p e r i o d waves as w e l l as t h e s t a b i l i t y o f d o l o s t o v e r y l a r g e waves. I n 

t h i s c h a p t e r t h e s e s t u d i e s w i l l be d i s c u s s e d t o t h e e x t e n t t h a t r e s u l t s a r e 

c u r r e n t l y a v a i l a b l e . 

LNEC T e s t s 

As a p a r t o f t h e i n i t i a l d e s i g n p r o c e d u r e s t h e LNEC i n L i s b o n 

p e r f o r m e d a s e r x e s o f h y d r a u l i c model t e s t s o f t h e Sin e s b r e a k w a t e r , a t a 

s c a l e o f 1:62, r e l a t e d t o t h e i n i t i a l and f i n a l d e s i g n o f t h e s t r u c t u r e . 

Some o f t h e s e t e s t s a r e d e s c r i b e d i n Mettam ( 1 9 7 6 ) , M o r a l s (1974) and 

Cast a n h o , C a r v a l h o , and Vera-Cruz ( 1 9 7 2 ) . A f t e r t h e f a i l u r e , LNEC d i d 

s e v e r a l model t e s t s t o s i m u l a t e t h e damage o b s e r v e d on t h e b r e a k w a t e r . The 

f i r s t s e r i e s o f t e s t s was based on t h e h y p o t h e s i s t h a t b r o k e n d o l o s i n t h e 

armor were r e s p o n s i b l e f o r t h e f a i l u r e . The t e s t s began v / i t h a h o r i z o n t a l 

band o f d o l o s i n t h e c r o s s - s e c t i o n o f w h i c h 10% were b r o k e n . The c r o s s -

s e c t i o n was t h e n m o d i f i e d t o 20% b r o k e n u n i t s and f i n a l l y t o 50% b r o k e n 

u n i t s . Only v^hen 50% o f t h e armor u n i t s v/ere a l r e a d y b r o k e n d i d t h e 

b r e a k w a t e r f a i l u n d e r t h e assumed s t o r m c o n d i t i o n s o f F e b r u a r y 26. A 

second s e r i e s o f t e s t s v/as made t o s i m u l a t e i n d i v i d u a l d o l o s u n i t s b r e a k i n g 

v/hen t h e y were moved by t h e s t o r m v/aves; whenever a d o l o s u n i t moved, i t 

v/as r e p l a c e d w i t h t h e two h a l v e s o f a b r o k e n d o l o s . The r e s u l t s o f t h e s e 

t e s t s showed f a i l u r e o c c u r r i n g i n a manner s i m i l a r t o t h a t o b s e r v e d i n t h e 

f i e l d f o r waves somewhat l a r g e r t h a n t h o s e e s t i m a t e d f o r S i n e s . Some t e s t s 
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were a l s o c o n d u c t e d u s i n g a random v/ave i n p u t . LNEC has a l s o c o n d u c t e d 

model t e s t s f o r d e t e r m i n i n g a new d e s i g n p r o f i l e f o r r e c o n s t r u c t i o n . [The 

r e a d e r i s r e f e r r e d t o t h e LNEC r e p o r t s r e f e r e n c e d i n Appendix I f o r f u r t h e r 

d e t a i l s on t h e s e t e s t s . ] 

T e s t s a t N a t i o n a l Research C o u n c i l o f Canada 

The N a t i o n a l Research C o u n c i l i n c o o p e r a t i o n w i t h t h e Canadian D e p a r t 

ment o f P u b l i c Works has c o n d u c t e d two s e t s o f h y d r a u l i c model t e s t s o f t h e 

S i n e s b r e a k w a t e r . These model t e s t s v;ere d e s i g n e d p r i m a r i l y t o s i m u l a t e 

t h e damage t o t h e b r e a k w a t e r d u r i n g t h e s t o r m o f F e b r u a r y 1978. A d e t a i l e d 

d e s c r i p t i o n o f t h e s e t e s t s a r e g i v e n by Mansard and P l o e g ( 1 9 7 8 ) . 

A model o f t h e S i n e s b r e a k w a t e r was b u i l t t o a g e o m e t r i c s c a l e o f 

1:52 i n t h e wave f l u m e o f t h e NRC. The d o l o s u n i t s were o f s l i g h t l y l o w 

s p e c i f i c w e i g h t ( 2 . 4 6 ) r e l a t i v e t o t h o s e a t S i n e s ( 2 . 5 5 ) b u t o f c o r r e c t 

r e l a t i v e d i m e n s i o n s . The d o l o s u n i t s were made o f a m i x t u r e o f sand and 

s u l p h u r s i l i c o n c a p p i n g compound. The D a n i s h H y d r a u l i c L a b o r a t o r y s u g g e s t s 

t h a t t h e d i f f e r e n c e i n t h e c o e f f i c i e n t o f f r i c t i o n between t h e s e " p l a s t i c " 

models and t h o s e made o f m o r t a r may cause some d i f f e r e n c e i n t h e r e s u l t s . 

A l l s t o n e s i z e s and t h e c o n c r e t e cap v/ere modeled a c c o r d i n g t o t h e f i n a l 

d e s i g n s p e c i f i c a t i o n s . The b r e a k w a t e r was b u i l t i n t h e d r y and p a r t i c u l a r 

a t t e n t i o n was g i v e n t o t h e p l a c e m e n t o f d o l o s u n i t s . The f i r s t s e r i e s o f 

t e s t s was, t h e r e f o r e , d e s i g n e d t o i n v e s t i g a t e t h e p e r f o r m a n c e o f t h i s 

s t r u c t u r e w i t h a l l model c o n s t r u c t i o n done a c c o r d i n g t o p r o t o t y p e s p e c i f i 

c a t i o n s . 

F o r t h e f i r s t s e r i e s o f t e s t s t h e s t o r m i n F e b r u a r y was s i m u l a t e d f o r 

c o n d i t i o n s when t h e s i g n i f i c a n t wave h e i g h t had r e a c h e d above 6.0 m e t e r s . 

A shakedown sequence o f waves was r u n b e f o r e any a c t u a l s t o r m c o n d i t i o n s . 

I r r e g u l a r waves (JONSWAP s p e c t r a ) were used w i t h some wave g r o u p i n g . The 

JONSWAP s p e c t r a were used t o p r o d u c e a d e s i r e d s i g n i f i c a n t wave h e i g h t and 

peak p e r i o d ; Mansard and P l o e g (1978) do n o t g i v e t h e s p e c i f i c v a l u e s f o r 

t h e p a r a m e t e r s Ö, CT» '3^^ and f j ^ u s e d. The b e g i n n i n g o f o s c i l l a t i o n was 

n o t e d w i t h a s i g n i f i c a n t wave h e i g h t o f 4.5 m. A t 6.0 m a number o f u n i t s 

were r o c k i n g j u s t below t h e w a t e r l e v e l . O c c a s i o n a l l y a u n i t was d i s p l a c e d 

t o a n o t h e r l o c a t i o n f u r t h e r dov/n t h e s l o p e . 

D u r i n g t h e s i m u l a t i o n o f t h e s t o r m o f F e b r u a r y 26 t h e b e g i n n i n g o f 

o s c i l l a t i o n i n t h e model o c c u r r e d a t 5.5 m ( p r o b a b l y as a r e s u l t o f t h e 

s e t t l i n g - i n p r o c e s s ) . However, a t a wave h e i g h t o f a r o u n d 7.9 m many u n i t s 

w ere r o c k i n g j u s t b e l o w t h e w a t e r l e v e l and w i t h t h e l a r g e r waves most 

u n i t s b e l o w t h e w a t e r l e v e l r o c k e d a l i t t l e . W i t h 8,5-9.5 m waves ( e s t i m a 

t e d peak o f s t o r m ) most u n i t s below t h e w a t e r l e v e l moved s u b s t a n t i a l l y . 
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The u n i t s immediately below the mean water l e v e l v;ere moved to another 

l o c a t i o n f u r t h e r down the s l o p e . The s i g n i f i c a n t wave h e i g h t was then i n 

c r e a s e d i n s t a g e s to 12.5 m. At t h i s wave h e i g h t dolos u n i t s were c o n t i n u 

o u s l y removed from the armor l a y e r . E s s e n t i a l l y , the r e s u l t s showed the 

b e g i n n i n g of o s c i l l a t i o n and displacement of dolos from the armor l a y e r a t 

wave h e i g h t s s u b s t a n t i a l l y lov/er than those r e p o r t e d by LNEC and r e f e r r e d 

to by Mettam ( 1 9 7 6 ) . 

The o s c i l l a t i o n s ( o r r o c k i n g ) t h a t o c c u r r e d v/ere sudden movements 

where the dolos u n i t was r a p i d l y a c c e l e r a t e d to the v e l o c i t y of the water 

mass u p r u s h i n g on t h e breakwater and then d e c e l e r a t e d as i t impacted the 

a d j a c e n t d o los u n i t s . I t was concluded from t h e s e t e s t s t h a t , d u r i n g the 

F e b r u a r y 26 storm a t l e a s t 30% o f the u n i t s i n the a r e a belov/ the v/ater 

l e v e l were " r o c k i n g " to such an e x t e n t t h a t breakage was p o s s i b l e . I f 

breakage o c c u r r e d then i t i s p o s s i b l e t h a t a d j a c e n t u n i t s would be f r e e t o 

move and up t o 50% o f the u n i t s would have broken. As p r e v i o u s l y noted, 

LNEC i n t h e i r t e s t s found t h a t i f 50% of the u n i t s a r e broken f a i l u r e 

o c c u r s w i t h a p r o f i l e s i m i l a r to t h a t o b t a i n e d a f t e r the storm. They a l s o 

found t h a t replacement of r o c k i n g dolos by tv/o h a l f p i e c e s r e s u l t e d i n pro

t o t y p e f a i l u r e b e f o r e 50% o f the u n i t s were r e p l a c e d . 

The second s e r i e s o f t e s t s v/as designed t o s i m u l a t e the t e n s i l e 

s t r e n g t h of c o n c r e t e . The dolos v/ere modified by means o f a weak p l a n e 

through t h e t r u n k . The dolos u n i t s v/ere c u t through the t r u n k and a s l i c e 

of m a t e r i a l was i n s e r t e d w i t h a t e n s i l e s t r e n g t h which p r o p e r l y s i m u l a t e d 

a t model s c a l e the t e n s i l e s t r e n g t h of the c o n c r e t e i n the p r o t o t y p e dolos 

(Mansard and Ploeg, 1978). The breakwater c r o s s - s e c t i o n was then r e b u i l t 

w i t h one complete p a r t ( t o p t o bottom and o n e - t h i r d the width) made up o f 

m o d i f i e d dolos u n i t s . 

The t e s t program was s i m i l a r t o the f i r s t s e t . The storms of F e b r u a r y 

23 and then of February 26 were s i m u l a t e d . I n the t e s t s , g r e a t c a r e was 

u s e d t o a v o i d g e n e r a t i n g a s i g n i f i c a n t wave h e i g h t g r e a t e r than t h a t i n 

f e r r e d f o r S i n e s ( i . e . not g r e a t e r than 5.9 m f o r the F e b r u a r y 23 storm and 

8.5 m f o r the F e b r u a r y 26 s t o r m ) . 

The r e s u l t s of the second s e r i e s of t e s t s d u p l i c a t e d the nature of the 

f a i l u r e v e r y c l o s e l y . The f a i l e d c r o s s - s e c t i o n was almost i d e n t i c a l t o 

t h o s e o b t a i n e d by s u r v e y a f t e r the storm. The d i s t r i b u t i o n of broken 

d o l o s , f i l t e r s t o n e s , and c o r e m a t e r i a l agreed c l o s e l y v;ith the r e p o r t s o f 
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t h e P o r t u g u e s e d i v e r s and t h e f i n d i n g s o f t h e P a n e l members who a l s o d i v e d 

on t h e s i t e . U n d e r m i n i n g o f t h e cap a l s o o c c u r r e d as was o b s e r v e d a t 

S i n e s . 

I t was c o n c l u d e d f r o m t h e model t e s t s t h a t t h e f a i l u r e o f t h e model 

breakv;ater vras p r i m a r i l y a consequence o f t h e f a i l u r e o f i n d i v i d u a l armor 

u n i t s . Thus, t h r o u g h t h e a r t i f i c i a l c r e a t i o n o f t e n s i l e p r o p e r t i e s l i k e 

t h o s e f o u n d i n u n r e i n f o r c e d c o n c r e t e , i n d i v i d u a l armor u n i t s as a 

consequence o f o s c i l l a t i o n under wave a c t i o n , were seen t o b r e a k i n t h e 

t e s t s , l e a d i n g u l t i m a t e l y t o t h e f a i l u r e o f t h e e n t i r e armor l a y e r . 

(Mansard and P l o e g , 1978) 

L a b o r a t o i r e C e n t r a l d ' H y d r a u l i q u e de France 

I n 1973 t h i s L a b o r a t o r y u n d e r t o o k model s t u d i e s o f a b r e a k w a t e r c r o s s -

s e c t i o n f o r S i n e s t h a t i n c l u d e d 30 t d o l o s s e . These s t u d i e s were c o m p l e t e d 

f o r t h e S o c i e t a I t a l i a n a p e r C o n d o t t e d'Aqua t o a s s i s t w i t h t h e p r e p a r a t i o n 

o f t h e s u c c e s s f u l t e n d e r s u b m i s s i o n . 

S i n c e t h e f i r s t damage t o t h e b r e a k w a t e r i n F e b r u a r y 1978, t h e s t a f f o f 

t h i s L a b o r a t o r y has s t u d i e d f o r t h e c o n t r a c t o r a number o f a s p e c t s o f t h e 

damage as w e l l as d e v e l o p i n g some c o n c e p t s f o r r e m e d i a l w o r k s . These 

s t u d i e s a r e r e p o r t e d i n ( L a n g l a i s and O r g e r o n , 1978, r e p o r t s 1 - 5 ) . 

A n a l y s i s o f S t o r m o f F e b r u a r y 26, 1978. T h i s s t u d y d e s c r i b e d a d e t a i l e d 

a n a l y s i s o f a v a i l a b l e m e t e o r o l o g i c a l d a t a , s h i p o b s e r v a t i o n s , and r e c o r d e d 

wave d a t a . I t was c o n c l u d e d t h a t o f f s h o r e f r o m S i n e s t h e s i g n i f i c a n t wave 

h e i g h t r e a c h e d a maximum v a l u e o f between 8.5 and 9.5 m, w h i c h o c c u r r e d 

f r o m t h e W t o mm between 0900 and 1200 h o u r s on F e b r u a r y 26, 1978. The 

a v e r a g e wave p e r i o d was between 12 t o 14 s and i t was n o t e d t h a t some waves 

had a p e r i o d i n t h e r a n g e o f 20 t o 22 s ( L a n g l a i s and O r g e r o n , 1978, No. 

1) . The c o n t r a c t o r had movies t a k e n w h i c h showed v e r y l o n g wave p e r i o d s . 

M a t h e m a t i c a l Model o f Wave R e f r a c t i o n . T h i s s t u d y f o u n d t h a t r e f r a c t i o n 

e f f e c t s caused by t h e o f f s h o r e t o p o g r a p h y c o u l d i n c r e a s e t h e wave h e i g h t 

d u r i n g t h e F e b r u a r y s t o r m by 10 t o 40%. I t was c o n c l u d e d t h a t t h e 

s i g n i f i c a n t wave h e i g h t o f monochromatic waves i n c i d e n t on t h e b r e a k w a t e r 

was o f t h e o r d e r o f 13 m w i t h an a s s o c i a t e d maximum wave h e i g h t e x c e e d i n g 

20 m ( L a n g l a i s and O r g e r o n , 1978, No. 2 ) . 

Model S t u d i e s o f t h e B r e a k w a t e r C r o s s - S e c t i o n as B u i l t . The model t e s t s 

were u n d e r t a k e n a t a s c a l e o f 1 t o 67. A wave g e n e r a t o r p r o d u c e d i d e n t i c a l 

g r o u p s o f 10 i r r e g u l a r waves by a m p l i t u d e m o d u l a t i o n . The c o n c l u s i o n s 
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n o t e d t h a t maximum wave h e i g h t s o f t h e o r d e r o f 13 t o 15 m w o u l d , i n most 

oases, d e s t r o y t h e armor l a y e r . The i n c i d e n t vrave p e r i o d d i d n o t s i g n i f i 

c a n t l y a f f e c t t h e s e r e s u l t s . When b r o k e n d o l o s were p l a c e d i n t h e armor 

l a y e r no s i g n i f i c a n t i n c r e a s e i n t h e f a i l u r e p r o c e s s was o b s e r v e d (LCHF, 

1978, No. 3 ) . 

Model S t u d i e s o f P o l o s Movements. The o b j e c t i v e o f t h e s t u d y was t o ana

l y z e t h e b e h a v i o r o f t h e d o l o s d u r i n g wave u p r u s h and downrush. Three p a r 

t i c u l a r h y d r o d y n a m i c a n a l y s e s were made: speed o f f a l l o f d o l o s i n calm 

w a t e r , v e l o c i t y o f w a t e r w i t h i n t h e armor l a y e r d u r i n g wave u p r u s h , and 

v e l o c i t y o f o s c i l l a t i o n o f t h e d o l o s . A r e s u l t o f t h e t e s t s showed t h a t 

f o r t h e c o n d i t i o n s o f t h e 26 F e b r u a r y 1978 s t o r m t h e wave u p r u s h c o u l d have 

caused v e r t i c a l f o r c e s s u f f i c i e n t t o l i f t a d o l o s f r o m t h e armor l a y e r 

( L a n g l a i s and O r g e r o n , 1978, No.4). 

Model S t u d y o f Wave R e f r a c t i o n . T h i s model s t u d y w i t h r e g u l a r l o n g c r e s t e d 

waves s u p p o r t e d t h e c o n c l u s i o n s o f t h e m a t h e m a t i c a l a n a l y s i s by demon

s t r a t i n g i n c r e a s e s i n wave h e i g h t s o f 30 t o 40% and maximum r e c o r d e d i n 

c r e a s e o f 70% ( L a n g l a i s and O r g e r o n , 1978, No. 4 ) . 

The r e s u l t s o f t h e above n o t e d s t u d i e s were e x t e n s i v e l y r e v i e w e d b y 

Mess r s . L a r r a s , C o u p r i e , and Pub o i s ( u n d a t e d r e p o r t ) . I n t h e i r r e p o r t , 

t h e y d i s c u s s t h e causes o f damage t o t h e S i n e s b r e a k w a t e r d u r i n g t h e p e r i o d 

F e b r u a r y 23-28, 1978. T h i s r e p o r t p r o p o s e d t h a t f a i l u r e c o n s i s t e d o f a 

mass d i s p l a c e m e n t o f t h e armor l a y e r caused by l a r g e waves. The cause was, 

t h e r e f o r e , i n d i v i d u a l l a r g e waves w i t h h e i g h t s o f t h e o r d e r o f 15 m and 

w i t h p e r i o d s o f 18 t o 20 seconds. These waves were a r e s u l t o f a s e v e r e 

s t o r m and s i g n i f i c a n t wave r e f r a c t i o n e f f e c t s . 

I t i s a g a i n emphasized t h a t b o t h t h e m a t h e m a t i c a l and h y d r a u l i c models 

used by L a b o r a t o i r e C e n t r a l d' H y d r a u l i q u e de France employed d e t e r m i n i s t i c 

waves and n o t a random wave f i e l d . T h i s may have had an e f f e c t on t h e i r 

r e s u l t s . 
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CHAPTER 9 

C o n s i d e r a t i o n s i n E v a l u a t i o n o f F a i l u r e 

I n a p r o j e c t t h i s complex, t h e r e a r e many p o s s i b i l i t i e s f o r i r r e g u 

l a r i t i e s and u n c e r t a i n t i e s i n d e s i g n and c o n s t r u c t i o n . What f o l l o w s i s a 

l i s t o f v/hat m i g h t be t e r m e d p o t e n t i a l c o n t r i b u t o r y f a c t o r s m e n t i o n e d t o o r 

o b s e r v e d by t h e p a n e l . C o n c l u s i o n s o f some o t h e r i n v e s t i g a t i n g groups 

w h i c h have been p u b l i s h e d a r e i n c l u d e d . Some appear t o be d i f f i c u l t i e s 

i n h e r e n t i n any l a r g e c o n s t r u c t i o n p r o j e c t ; o t h e r s a r e more s p e c i f i c a l l y 

r e l a t e d t o t h e S i n e s P r o j e c t . They a r e a l l a l e g i t i m a t e p a r t o f t h e Sin e s 

d a t a and as such s h o u l d be r e c o r d e d h e r e and t a k e n i n t o a c c o u n t when a d d i 

t i o n a l s t u d y o f t h e Sin e s f a i l u r e i s i n o r d e r and when f u t u r e p r o j e c t s o f 

t h i s s o r t a r e c o n s i d e r e d . I t i s a g a i n s t r e s s e d t h a t t h e m a t e r i a l i n t h e 

r e p o r t i s n o t t o be c o n s t r u e d as i d e n t i f y i n g t h e c a u s e ( s ) o f f a i l u r e and 

t h e p e r s o n ( s ) r e s p o n s i b l e ; r a t h e r , t h i s r e p o r t i s i n t e n d e d o n l y t o s e r v e as 

a summary o f t h e f a c t s c o n c e r n i n g S i n e s and t o p r o v i d e i d e a s f o r c o n s i d e r a 

t i o n i n t h e d e s i g n o f f u t u r e p r o j e c t s o f such a g r a n d s c a l e . The areas o f 

c o n c e r n a r e b r i e f l y summarized be l o w by c a t e g o r i e s . L a s t l y , a p o s s i b l e 

f a i l u r e s c e n a r i o i s p r o p o s e d based on t h e o b s e r v a t i o n s a n d s t u d i e s o f t h e 

P a n e l . 

Owner-Designer C o n t r a c t o r R e l a t i o n s h i p s 

The d e s i g n e r f e l t t h a t t h e p r i m a r y a r e a o f c o n c e r n was t h a t he had no 

c o n t r o l o v e r t h e e x e c u t i o n o f h i s p l a n s d u r i n g c o n s t r u c t i o n . I n many cases 

(European i n p a r t i c u l a r ) t h e d e s i g n e r i s r e t a i n e d f o r i n s p e c t i o n p u r p o s e s 

o r i s t h e t e c h n i c a l a g e n t d e a l i n g v / i t h t h e c o n t r a c t o r f o r t h e c l i e n t . I n 

t h e case o f S i n e s , t h e G a b i n e t e da Ar e a de Si n e s (GAS) r e t a i n e d a l l i n s p e c 

t i o n and t e c h n i c a l s u p e r v i s i o n o f t h e p r o j e c t . I t i s a l s o i m p o r t a n t t o 

n o t e , a l t h o u g h a m i n o r c o n s i d e r a t i o n , t h a t a l l c o m m u n i c a t i o n was i n 

P o r t u g u e s e . Moreover, t h r o u g h o u t t h e p r o j e c t a l l c o m m u n i c a t i o n between t h e 

f i r m s and a g e n c i e s i n v o l v e d had t o pass t h r o u g h GAS; t h i s s l o w e d t h e com

m u n i c a t i o n p r o c e s s and r e s t r i c t e d d i s c u s s i o n . U n d e r l i n i n g t h i s p r o b l e m o f 

o w n e r - d e s i g n e r - c o n t r a c t o r r e l a t i o n s h i p s i s t h e r e q u e s t made by B e r t l i n and 

P a r t n e r s t o see c o p i e s o f t h e r e s u l t s o f t h e I r r e g u l a r wave t e s t s on t h e 

head o f t h e br e a k v / a t e r as l a t e as December 1976. (See F i g u r e 5.1 f o r 

s t a t u s o f t h e b r e a k w a t e r a t t h a t t i m e . ) B e r t l i n n o t e d i n t h e i r r e v i e w t o a 

d r a f t o f t h i s r e p o r t t h a t " . . . t h e l a c k o f d i r e c t c o m m u n i c a t i o n between t h e 
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d e s i g n e r s and t h e LNEC l a b o r a t o r i e s l e d t o a number o f c o m m u n i c a t i o n 

p r o b l e m s . Two o f t h e s e were p a r t i c u l a r l y s e r i o u s : 

( a ) I n s p i t e o f f r e q u e n t r e q u e s t s f r o m t h e d e s i g n e r s , t h e r e p o r t s oh 

t h e t e s t s were n o t made a v a i l a b l e . They were m e r e l y t o l d w h e t h e r 

o r n o t t h e p r o p o s e d c r o s s s e c t i o n had w i t h s t o o d d e s i g n c o n d i t i o n s 

s a t i s f a c t o r i l y . 

( b ) The d e s i g n e r s r e q u e s t e d GAS t o a r r a n g e f o r t e s t i n g model b r e a k 

w a t e r s e c t i o n s t o t o t a l f a i l u r e as i t was knovm t h a t , u n l i k e r o c k 

s l o p e s , d o l o s s l o p e s l o s e t h e i r s t a b i l i t y s u d d e n l y . GAS d i d n o t 

r e s p o n d and t h e s e t e s t s were n o t c a r r i e d o u t . " ( P e r s o n a l communi

c a t i o n f r o m B e r t l i n and P a r t n e r s , 1980.) 

S e l e c t i o n o f D e s i g n Waves 

Wave d a t a a v a i l a b l e f o r t h e I n i t i a l d e s i g n o f t h e S i n e s B r e a k w a t e r 

were s p a r s e . Even by t h e end o f t h e d e s i g n p r o c e s s o n l y a m i n i m a l amount 

o f wave d a t a were a v a i l a b l e . Thus i t was d i f f i c u l t t o e s t i m a t e t h e d e s i g n 

wave c o n d i t i o n s w i t h a h i g h l e v e l o f s t a t i s t i c a l r e l i a b i l i t y . The 100-year 

s t o r m d e s i g n wave b e l o n g s t o a d i f f e r e n t s t a t i s t i c a l p o p u l a t i o n t h a n t h e 

n o n - s t o r m d e s i g n wave commonly measured a t Si n e s o r a t F i g u e r i a da Foz. 

Mor e o v e r , i t i s commonly a c c e p t e d and t h e o p i n i o n o f t h e P a n e l t h a t 

e x t r a p o l a t i o n o f ex t r e m e v a l u e e v e n t s s h o u l d n o t e x t e n d more t h a n two o r 

t h r e e t i m e s t h e t o t a l l e n g t h o f r e c o r d . N e v e r t h e l e s s , demands do d i c t a t e 

a t t i m e s t h a t w h a t e v e r d a t a i s a v a i l a b l e must be used. Under t h e s e 

c o n d i t i o n s , t h e d e s i g n e r ' s r e c o u r s e i s t o p e r f o r m a d e t a i l e d s t a t i s t i c a l 

e r r o r o r c o n f i d e n c e a n a l y s i s o f t h e d a t a . The e f f e c t s o f r e f r a c t i o n and 

wave g r o u p i n g were n o t c o n s i d e r e d i n t h e s e l e c t i o n o f t h e d e s i g n wave. 

T h r e e p a r t i c u l a r i t e m s t h a t a p p a r e n t l y escaped c o n s i d e r a t i o n i n t h e 

d e s i g n v/ave s e l e c t i o n were: a) c l i m a t i c a n a l y s i s , an o v e r a l l r e v i e w t h a t 

w o u l d show p r o t e c t i o n o f t h e P o r t u g u e s e c o a s t by t h e Azores h i g h and show 

t h e dependency o f t h e r e s u l t s o f a c l i m a t i c a n a l y s i s on t h e phenomenon; b) 

s t a t i s t i c a l e r r o r a n a l y s i s o r i d e n t i f i c a t i o n o f t h e a c c u r a c y o f t h e d e s i g n 

wave; and c) s h a l l o w w a t e r e f f e c t s on t h e a v a i l a b l e r e c o r d e d wave d a t a upon 

w h i c h t h e d e s i g n was based and on t h e waves a p p r o a c h i n g t h e S i n e s a r e a . 

I t i s I m p o r t a n t t o n o t e t h a t t h e s e l e c t i o n o f t h e o f f s h o r e d e s i g n wave 

c o n d i t i o n s d i d n o t i n f l u e n c e t h e f a i l u r e o f t h e s t r u c t u r e ; t h e c o n d i t i o n s 

t h a t e x i s t e d o f f s h o r e were l e s s s e v e r e t h a n t h o s e s p e c i f i e d i n t h e d e s i g n . 
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storm of F e b r u a r y 26, 1978 

As i n d i c a t e d p r e v i o u s l y i n t h i s r e p o r t , i t i s e x t r e m e l y d i f f i c u l t t o 

i d e n t i f y the s i z e of the waves t h a t o c c u r r e d on F e b r u a r y 26 and those t h a t 

preceded t h a t day. The d a t a p r e s e n t e d h e r e i n , based on t h a t measured a t 

Cabo da Roca, i n d i c a t e v;aves w i t h a s i g n i f i c a n t h e i g h t of 8 t o 10 m. 

R e f r a c t i o n a n a l y s e s by the L a b o r a t o i r e C e n t r a l d'Hydraulique de F r a n c e 

i n d i c a t e l a r g e r waves w i t h s i g n i f i c a n t wave h e i g h t s up to 13 m may have 

o c c u r r e d a t the s t r u c t u r e . Because the wave r e c o r d e r was not working, an 

i n d i s p u t a b l e d e f i n i t i o n of the wave f i e l d w i l l never be a v a i l a b l e . (A 

comprehensive wave h i n d c a s t i n g model was used by Dr. Don R e s i o to p r o v i d e 

an independent e s t i m a t e of the storm c h a r a c t e r i s t i c s . The r e s u l t s of t h e s e 

t e s t s a l s o g i v e s i g n i f i c a n t wave h e i g h t s a t about 10 m [ p e r s o n a l communica

t i o n w i t h Dr. Don R e s i o , 15 May 1981].) 

Breakwater Design 

Although the breakwater was designed a c c o r d i n g t o a c c e p t e d p r a c t i c e s 

(Shore P r o t e c t i o n Manual, c o a s t a l e n g i n e e r i n g c o n f e r e n c e p r o c e e d i n g s , 

e t c . ) , the d e s i g n s t i l l may not have been s u f f i c i e n t t o r e s i s t the f o r c e 

e x e r t e d by the F e b r u a r y storm; t h i s i s not a c r i t i c i s m of the d e s i g n but of 

t h e a v a i l a b l e r e f e r e n c e s f o r d e s i g n . The d e s i g n f o r t h i s v e r y deep s i t e 

w hich i s exposed t o deep ocean waves vras p r e d i c a t e d on an e x t e n s i o n of the 

procedures which were w e l l - u n d e r s t o o d f o r s m a l l b r e a k w a t e r s i n s h a l l o w 

water c o n d i t i o n s . Another a s p e c t of the d e s i g n t h a t c a u s e s some concern i s 

t h e c o m p l e x i t y of the breakwater c r o s s - s e c t i o n ; the s e c t i o n would be d i f f i 

c u l t to i n s p e c t , as w e l l as t o c o n s t r u c t , i n t h e s e extreme water depths 

a l b e i t a s i m i l a r c r o s s - s e c t i o n i s found i n many d e s i g n r e f e r e n c e s . 

The seaward slope of the breakwater was q u i t e s t e e p 1:1.5. T h i s has 

been a cause of concern among those who have reviewed the d e s i g n . Although 

t h e model s t u d i e s showed the s t r u c t u r e to be s t a b l e w i t h t h i s s l o p e , i t i s 

so s t e e p as t o a l l o w no t o l e r a n c e f o r e r r o r . The head which was p l a c e d a t 

1:2 s l o p e was much l e s s damaged du r i n g the storm than the t r u n k . 

S t r u c t u r a l S t r e n g t h of Dolos 

I t i s u n f o r t u n a t e t h a t l i t t l e i n f o r m a t i o n has been p u b l i s h e d about the 

s t r e s s d i s t r i b u t i o n s t h a t occur i n dolos under dynamic l o a d i n g s . An 

approach to the s t a t i c problem i s p r e s e n t e d by D e s a i ( 1 9 7 6 ) . 

The s t a t i c s t r e s s i n a dolos u n i t due t o i t s own w e i g h t w i l l be 

p r o p o r t i o n a l t o t h e l e n g t h of the u n i t . The l a r g e r the u n i t , the g r e a t e r 
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w i l l be the s e l f - i n d u c e d s t r e s s . There i s a l i m i t where a u n i t i s so l a r g e 

t h a t i t cannot support i t s own v/eight. There i s a l s o a p o i n t where a u n i t 

l o c a t e d on the bottom l a y e r of a breakwater armor s e c t i o n cannot support 

i t s own weight p l u s those u n i t s r e s t i n g above. 

Although i t i s p o s s i b l e to a n a l y s e , model and t e s t the s t r e n g t h of a 

dolos u n i t , i t i s not p o s s i b l e to determine the l o a d s to which a u n i t w i l l 

be s u b j e c t e d . The dynamic l o a d s a p p l i e d t o dolos depend upon t h e i r 

i n d i v i d u a l p o s i t i o n and range of p o s s i b l e movement as vrell as the 

c h a r a c t e r i s t i c s of the waves a c t i n g on them. The need f o r secure placement 

and i n t e r l o c k of dolos i s v e r y important. I n d i v i d u a l u n i t s are not 

n e c e s s a r i l y s t a b l e because of t h e i r own weight and t h e r e f o r e , they must 

r e l y on m e c h a n i c a l and f r i c t i o n a l i n t e r l o c k with s u r r o u n d i n g and u n d e r l y i n g 

armor u n i t s . I n an e f f o r t to a v o i d any v i o l e n t movement or displacement of 

the dolos the d e s i g n f i r m s t a t e d i n t h e i r r e v i e w of a d r a f t of t h i s r e p o r t 

t h a t ( p e r s o n a l communication from B e r t l i n and P a r t n e r s , 1980): 

( a ) "they i n c l u d e d s t r i n g e n t o s c i l l a t i o n c r i t e r i a i n t h e i r model 

t e s t i n g s p e c i f i c a t i o n 

(b) they s p e c i f i e d and recommended dolos p l a c i n g and i n s p e c t i o n 

p r o c e d u r e s which were intended to ensure c a r e f u l and s e c u r e 

p o s i t i o n i n g of the d o l o s s e . " 

I t was a l s o understood t h a t i n c r e a s e i n the s i z e of the u n i t and of 

the i n c i d e n t wave h e i g h t c o u l d r e s u l t i n i n c r e a s e d s t r e s s e s i n the u n i t s 

a l t h o u g h , as a l r e a d y p o i n t e d out, i t i s not p o s s i b l e to c a r r y out a p r e c i s e 

a n a l y s i s . The d e s i g n technique adopted was "to c a r r y out s t a t i c and 

dynamic a n a l y s e s of a wide range of h y p o t h e t i c a l l o a d i n g c a s e s and compare 

the maximum s t r e s s l e v e l s i n the proposed S i n e s dolos with those which had 

been used a t E a s t London, South A f r i c a which were the l a r g e s t dolos i n 

s e r v i c e a t the time." ( I t i s not c l e a r what type of s t a t i c and dynamic 

a n a l y s e s v/as to be used.) 

Model S t u d i e s 

The o f f i c i a l model s t u d i e s which formed a p a r t of the design were done 

by L a b o r a t o r i o N a c i o n a l de Engenharia C i v i l (LNEC) f o r GAS and not the 

d e s i g n e r , and the communication between the d e s i g n e r and the modeler v;as 

always v i a GAS. The r e s u l t s of the i r r e g u l a r wave t e s t s were not a v a i l a b l e 

t o the d e s i g n e r b e f o r e the design was complete. The model t e s t s d i d not 

account f o r the e f f e c t of wave grouping t h a t o c c u r s i n the wave data 
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r e c o r d e d a t S i n e s . R e f r a c t i o n a l s o v;as not a n a l y s e d or c o n s i d e r e d i n the 

model s t u d i e s . The model t e s t s were not designed to s i m u l a t e s t r u c t u r a l 

p r o p e r t i e s of the dolos armor u n i t s ; t h i s i s not meant as a r e f l e c t i o n on 

t h e l a b o r a t o r y , but r a t h e r the s t a t e - o f - t h e - a r t i n model t e s t i n g . 

With r e g a r d to the model t e s t s Zwamborn (1979) s a y s t h a t : 

" i t appears t h a t no t e s t s were done on the f i n a l d e s i g n . . .using 

i r r e g u l a r waves of s u f f i c i e n t d u r a t i o n ( s a y 6 to 12 h o u r s proto

t y p e ) w i t h a s i g n i f i c a n t v;ave h e i g h t equal to or e x c e e d i n g the 

d e s i g n wave h e i g h t of 11 m." 

Furthermore Zvjamborn c i t e s s t u d i e s done by the LCHP a f t e r the f a i l u r e : 

" r e c e n t t e s t s c a r r i e d out by the LCHP showed t h a t f o r wave 

p e r i o d s between 16 to 18 s and wave h e i g h t s i n e x c e s s of 11 m, 

t h e v e r t i c a l upv;ard water v e l o c i t y near the s t i l l water l i n e 

c o u l d be the same order of magnitude as the t e r m i n a l s e t t l i n g 

v e l o c i t y of 42-t dolosse i n s t i l l v/ater. As a r e s u l t , groups of 

d o l o s s e c o u l d be l i f t e d from the s l o p e by t h e s e l o n g and high 

v/aves, a phenomenon f r e q u e n t l y observed i n model t e s t s . 

Wave and S t a t i c F o r c e s 

. An important c o n t r i b u t i o n to the a n a l y s i s of the i n t e r n a l s t r e s s e s of 

dolos under both wave and s t a t i c load c o n d i t i o n s was given by Dean Morrough 

p. O'Brien i n h i s review of an e a r l y d r a f t of t h i s r e p o r t . H i s comments 

f o l l o w : 

" H y d r a u l i c models have been employed to d e t e r m i n e the 

s t a b i l i t y of breakwater armor u n i t s exposed to o c e a n waves. 

These model r e s u l t s have been employed i n the d e s i g n of f u l l -

s c a l e s t r u c t u r e s by a p p l y i n g the same l i n e a r s c a l e r a t i o both to 

the wave dimensions and to the o v e r a l l c o n f i g u r a t i o n of the 

breakwater as well as to the i n d i v i d u a l armor u n i t s . There i s a 

b a s i c r e l a t i o n s h i p r e g a r d i n g the a p p l i c a t i o n of t h e r e s u l t s of 

model t e s t s to f u l l s c a l e s t r u c t u r e s which appears n o t to have 

been r e c o g n i z e d or, a t l e a s t , not t o have been e x p l i c i t l y s t a t e d 

i n the l i t e r a t u r e , namely, t h a t the u n i t s t r e s s e s , due to both 

s t a t i c and dynamic loads i n c r e a s e i n d i r e c t p r o p o r t i o n to the 

a b s o l u t e s i z e , throughout g e o m e t r i c a l l y s i m i l a r b r e a k w a t e r u n i t s , 

a r r a n g e d i n g e o m e t r i c a l l y s i m i l a r c o n f i g u r a t i o n i n the 

s t r u c t u r e . 

"Although the f o r c e s a p p l i e d by waves have u s u a l l y not been 

measured i n model t e s t s , whatever the f o r c e s and p r e s s u r e s may 

have been i n the model a t the l i m i t of s t a b i l i t y , t h e y w i l l be 

i n c r e a s e d i n the prototype under d y n a m i c a l l y s i m i l a r c o n d i t i o n s 

i n accordance w i t h the Froude model law s . p r e s s u r e ( u n i t 

h y d r a u l i c s t r e s s ) a t c o r r e s p o n d i n g l o c a t i o n s and t i m e s i s propor

t i o n a l to which i n t u r n i s p r o p o r t i o n a l t o the l i n e a r 

s c a l e . 
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"The u n i t s t r e s s e s a t c o r r e s p o n d i n g l o c a t i o n s due t o t h e 

s t a t i c l o a d o f t h e n e s t i n g u n i t s p l u s t h e dynamic f o r c e a p p l i e d 

by waves, c o r r e s p o n d i n g t o t h e s t a b i l i t y c o n d i t i o n s f o u n d i n t h e 

model t e s t s , w i l l i n c r e a s e i n p r o p o r t i o n t o t h e l i n e a r s c a l e . 

The h y d r a u l i c model t e s t s g i v e no measure o f m a g n i t u d e o f t h e s e 

s t r e s s e s w h i c h may exceed t h e u l t i m a t e s t r e n g t h o f t h e m a t e r i a l 

i n t h e p r o t o t y p e . 

"The d o l o s i s r e l a t i v e l y s l e n d e r as compared w i t h n a t u r a l 

r o c k o r w i t h t h e e a r l y c a s t - c o n c r e t e armor. The w e i g h t o f 

s u p p o r t e d u n i t s p l u s t h e t h r u s t o f I n t e r l o c k i n g u n i t s may r e s u l t 

i n s t a t i c s t r e s s e s , a t some p o i n t s w h i c h a r e n e a r t h e l i m i t i n g 

v a l u e , t h u s l e a v i n g s m a l l m a r g i n f o r wave f o r c e s . Whether o r n o t 

f a i l u r e w i l l o c c u r depends on t h e s t r e n g t h o f t h e c o n c r e t e , b u t 

i t i s a l s o t r u e t h a t , no m a t t e r what m a t e r i a l i s u s e d , t h e r e i s a 

c r i t i c a l s i z e a t w h i c h f a i l u r e w o u l d o c c u r under s t a t i c l o a d s 

a l o n e . " 

P o l o s P l a c e m e n t 

One i t e m o f c o n c e r n i s t h e a b i l i t y o f t h e f l o a t i n g c r a n e s t o p l a c e t h e 

d o l o s s a t i s f a c t o r i l y above and below t h e w a t e r i n c h a r a c t e r i s t i c a l l y r o u g h 

c o n d i t i o n s . The d e s i g n f i r m had recommended t h a t l a n d - b a s e d e q u i p m e n t be 

u sed. The d o l o s were n o t p l a c e d by l o c a t i o n b u t by " d e n s i t y " (a p r e d e t e r 

m ined number o f d o l o s p e r m-̂ ) . ( I n s t e a d o f a c o o r d i n a t e f o r a p a r t i c u l a r 

d o l o s , a c e r t a i n number were t o be p l a c e d i n a g i v e n a r e a . ) Underv/ater 

i n s p e c t i o n o f d o l o s p l a c e m e n t was i n f r e q u e n t because o f t h e heavy seas 

d u r i n g most o f t h e y e a r . N e i t h e r t h e GAS n o r t h e c o n t r a c t o r m a i n t a i n e d 

u n d e r w a t e r i n s p e c t i o n p r o g r a m s . Zwamborn (1979) r e p o r t s t h a t bet»;een 3.5 

and 16.8% o f t h e d o l o s i n a sampled s e c t i o n were b r o k e n by August 1977 as a 

r e s u l t o f p l a c e m e n t , s e t t l e m e n t o f t h e s t r u c t u r e , and/or p r e v i o u s s t o r m s . 

A r r a n g e m e n t o f t h e d o l o s was g e n e r a l l y random ( n o t w i t h 60 p e r c e n t h a v i n g 

t h e v e r t i c a l l e g seav/ard as s p e c i f i e d i n t h e d e s i g n , a l t h o u g h t h e s i g n i f i 

cance o f t h i s c r i t e r i o n has been d i s c o u n t e d ) . 

P o l o s R e i n f o r c e m e n t 

The d o l o s were n o t r e i n f o r c e d . Arguments f o r t h i s d e s i g n d e c i s i o n a r e 

g i v e n i n A p p e n d i x E. The i s s u e o f r e i n f o r c e m e n t o f armor u n i t s i s f u r t h e r 

d i s c u s s e d i n A p p e n d i x J and D e s a i ( 1 9 7 6 ) . Subsequent t o t h e F e b r u a r y 1978 

s t o r m , some r e i n f o r c e d u n i t s were used as a t e s t f o r t h e o u t e r l a y e r o f 

d o l o s , t o p r e p a r e t h e b r e a k w a t e r f o r t h e coming w i n t e r ; a l t h o u g h t h e 

p e r f o r m a n c e o f t h e r e i n f o r c e d and u n r e i n f o r c e d u n i t s was n o t t h e same, b o t h 
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u n i t s s u s t a i n e d e x t r e m e damage i n t h e 1978-1979 w i n t e r . T h i s a p p l i c a t i o n 

o f r e i n f o r c e d armor u n i t s s h o u l d n o t be c o n s i d e r e d a t r u e t e s t o f t h e 

r e s p o n s e o f t h e o r i g i n a l s t r u c t u r e t o s t o r m waves, had i t been b u i l t w i t h 

r e i n f o r c e d armor u n i t s . 

P e r m e a b i l i t y o f t h e Core 

The p e r m e a b i l i t y o f t h e q u a r r y r u n m a t e r i a l (TOT) i n t h e c o r e may have 

been s i g n i f i c a n t l y l e s s i n some s e c t o r s t h a n t h a t used i n t h e model t e s t s 

and s p e c i f i e d i n t h e c o n t r a c t . T h i s d i f f e r e n c e may have r e s u l t e d i n added 

v/ave r u n - u p on t h e f a c e o f t h e b r e a k w a t e r ; and t h i s , i n t u r n , may have had 

an a d v e r s e e f f e c t on t h e s t a b i l i t y o f t h e armor l a y e r . I t i s i m p o r t a n t t o 

r e c o g n i z e t h a t t h e s t a b i l i t y o f t h e armor l a y e r m i g h t be j e o p a r d i z e d by t h e 

i n c r e a s e d wave r u n - u p t h a t w o u l d r e s u l t f r o m a l a c k o f p e r m e a b i l i t y of t h e 

c o r e . The volxime o f b o t h wave u p r u s h and t h e r e t u r n f l o v ? down t h e f a c e o f 

t h e b r e a k w a t e r w o u l d impose a g r e a t e r f o r c e on t h e i n d i v i d u a l b r e a k w a t e r 

armor u n i t s and c o u l d cause t h e i r d i s l o d g m e n t f r o m t h e p r o t e c t i v e l a y e r . 

O t h e r P o s s i b l e Causes o f F a i l u r e 

A d d i t i o n a l p o s s i b l e causes o f f a i l u r e i n c l u d e t h o s e c o n c e r n s e x p r e s s e d 

by t h e d e s i g n e r a t t h e end o f Chapter 5 and t h o s e p r e s e n t e d b e l o w : 

o d e f i c i e n c i e s i n t h e u n d e r l a y e r 

o e x c e s s i v e f i n e s i n t h e f i l t e r o r c o r e m a t e r i a l 

o e x c e s s i v e p o r e p r e s s u r e i n t h e c o r e caused by wave a c t i o n 

o f a i l u r e o f t h e 16 t o 20 t t o e s t o n e 

o wave r e f l e c t i o n f r o m wave w a l l 

Zwamborn (19 7 8 ) has p r e s e n t e d an e v a l u a t i o n o f p o s s i b l e causes o f damage t o 

t h e break\-/ater w h i c h a r e summarized i n A p p e n d i x M. Perhaps a c o m b i n a t i o n 

o f some o r a l l o f t h e f a c t o r s d e s c r i b e d i n t h i s C h a p t e r c o u l d be r e s p o n 

s i b l e f o r t h e f a i l u r e o f t h e b r e a k w a t e r . I t i s p r a c t i c a l l y i m p o s s i b l e t o 

assess p r o p e r l y t h e s e e x p l a n a t i o n s because o f t h e i m p r e c i s e i n f o r m a t i o n 

d e s c r i b i n g t h e s t o r m , a s - b u i l t c o n d i t i o n s and a f t e r - f a i l u r e c o n d i t i o n s . A 

p o s s i b l e s c e n a r i o o f t h e f a i l u r e p r o c e s s i s g i v e n . T h i s s c e n a r i o xs 

p r e s e n t e d by t h e P a n e l w i t h t h e knowlege t h a t t h e r e i s i n s u f f i c i e n t d a t a t o 

p r o p o s e i t as t h e a c t u a l e v e n t s o f F e b r u a r y 1978. 
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P u b l i s h e d S t a t e m e n t s o f C a u s e 

S e v e r a l i n v e s t i g a t i o n s h a v e b e e n c o n d u c t e d , a t v a r i o u s l e v e l s o f 

e f f o r t , t o u n d e r s t a n d a n d i d e n t i f y t h e c a u s e s o f f a i l u r e . One o f t h e f i r s t 

a s s e s s m e n t s w a s made by a t e a m o f D u t c h e n g i n e e r s f o r t h e D e l f t H y d r a u l i c s 

L a b o r a t o r y . One o f t h e i r p r i m a r y c o n c l u s i o n s was t h a t t h e r e m o v a l o f t h e -

16 t o 2 0 ~ t t o e s t o n e by t h e l a r g e r w a v e s w a s a l i k e l y c a u s e o f f a i l u r e . 

S u b s e q u e n t t o t h e r e m o v a l o f t h e s e s t o n e s t h e d o l o s l a y e r s h i f t e d a n d w a s 

d a m a g e d . 

Z w a m b o r n ( 1 9 7 8 ) c o n c l u d e d f r o m h i s r e s e a r c h a t t h e N a t i o n a l R e s e a r c h 

I n s t i t u t e f o r O c e a n o g r a p h y , S o u t h A f r i c a , i n a r e p o r t t o C o n d o t t e d ' A c q u a , 

" t h a t t h e m a i n c a u s e s o f t h e m a j o r damage t o S i n e s m a i n b r e a k w a t e r d u r i n g 

t h e F e b r u a r y 1 9 7 8 s t o r m a r e a s f o l l o w s : 

( i ) T h e p a r t i c u l a r l y d a m a g i n g e f f e c t o f t h e l a r g e w a v e s i n t h e 

s p e c t r u m v / h i c h , b e c a u s e o f t h e g r e a t w a t e r d e p t h i n f r o n t o f t h e 

b r e a k w a t e r , c o u l d r e a c h t h e s t r u c t u r e w i t h o u t b e i n g r e d u c e d d u e 

t o b r e a k i n g . T h e e f f e c t o f t h e s e l a r g e w a v e s c a n n o t b e d e s c r i b e d 

b y t h e s i g n i f i c a n t w a v e h e i g h t a l o n e ; m o d e l t e s t s a t a n a p p r o 

p r i a t e s c a l e r e p r o d u c i n g r e a l i s t i c p r o t o t y p e w a v e s i n d e e p w a t e r 

a r e e s s e n t i a l . W i t h a p r o b a b l e i n c i d e n t w a v e h e i g h t ( H g ) d u r 

i n g t h e p e a k o f t h e s t o r m o f 9 t o 10 m, maximum i n c i d e n t w a v e 

h e i g h t s o f 14 t o 17 m m u s t h a v e o c c u r r e d . 

( i i ) L o c a l i n c i d e n t w a v e h e i g h t s i n e x c e s s o f t h e . d e s i g n w a v e 

h e i g h t s d u e t o r e f r a c t i o n o f t h e l o n g e r p e r i o d w a v e s ( t h e p e r i o d 

o f t h e w a v e s , a t t h e h e i g h t o f t h e s t o r m , c o n t a i n i n g m o s t o f t h e 

e n e r g y w a s 18 t o 2 0 s ) . B o t h t h e s i g n i f i c a n t a n d maximum w a v e 

h e i g h t s a r e a f f e c t e d a n d a r e a s o n a b l e c o r r e l a . t i o n w a s f o u n d b e 

t w e e n t h e h i g h w a v e a r e a s a n d t h e f a i l u r e a r e a s - A v e r a g e i n 

c r e a s e s i n w a v e h e i g h t o f up t o . 20 p e r c e n t ( w i t h m aximum v a l u e s 

o f u p t o a b o u t 50 p e r c e n t ) w e r e f o u n d , t h u s i n c r e a s i n g t h e 

p r o b a b l e l o c a l a v e r a g e s i g n i f i c a n t w a v e h e i g h t t o J 1 t o 12 m a n d 

t h e c o r r e s p o n d i n g maximum w a v e h e i g h t t o 17 t o 20 m. 

( i i i ) D o l o s s e b r e a k a g e s d u r i n g t h e s t o r m d u e t o e x c e s s i v e m o v e m e n t s 

c a u s e d by t h e v e r y l o n g a n d l a r g e w a v e s d i s c u s s e d u n d e r t i m e s ( i ) 

a n d ( i i ) a b o v e , w h i c h r e s u l t e d i n v e r t i c a l w a t e r v e l o c i t i t e s i n 

t h e a r m o u r o f t h e same o r d e r a s t h e t e r m i n a l s e t t l i n . g v e l o c i t y o f 

s i n g l e a n d a l s o g r o u p s o f D o l o s s e . " ( Z w a m b o r n , 1 9 7 8 ) 

C o m m e n t s f r o m t h e d e s i g n t e a m on t h e c a u s e o f f a i l u r e h a v e b e e n i n 

c l u d e d a t t h e e n d o f C h a p t e r 5. I n t h e s e c o mments t h e p r o b l e m i s f o c u s e d 

o n p r o j e c t m a n a g e m e n t , s u p e r v i s i o n , a n d c o n s t r u c t i o n . T h e c o m m e n t s w e r e 

s u m m a r i z e d by Mr. P e t e r M o r n e m e n t o f B e r t l i n a n d P a r t n e r s , i x i a n i n t e r v i e w 

w i t h t h e New C i v i l E n g i n e e r , a s "Vie a r e s u r e i n a c c u r a t e p l a c i n g o f t h e 

d o l o s a n d t h e s u p p o r t i n g t o e w e r e t h e m a i n c a u s e s o f f a i l u r e . " ( A n o n , 

1 9 7 9 ) 
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The c o n t r a c t o r responded to t h i s a l l e g a t i o n as " c o n t r a r y to what the 

C o n s u l t a n t s s t a t e , the photographic documents demonstrate t h a t the dol o s s e 

a r e w e l l p l a c e d and t h a t they have the n e c e s s a r y degree of i n t e r l o c k i n g . " 

(See Appendix B) 

O f f i c i a l Portuguese Commission Report 

The O f f i c i a l Portuguese I n v e s t i g a t i o n Team f i l e d t h e i r r e p o r t with the 

Government i n A p r i l , 1979. The r e p o r t of the o f f i c i a l i n v e s t i g a t i o n i s given 

i n Appendix C. Some of t h e i r c o n c l u s i o n s are as f o l l o w s : 

o S t r u c t u r a l f r a g i l i t y of the dolos was the primary cause of f a i l u r e . 

o There were s e r i o u s shortcomings i n the design wave s e l e c t i o n . 

o The d e s i g n of the breakwater was " t h e o r e t i c a l " and d i f f i c u l t to 

b u i l d . 

o C o n s i d e r a t i o n was not given to r e f r a c t i o n of wave energy. 

o The LNEC was not e x h a u s t i v e enough i n i t s t e s t i n g program. 

o The r e l i a b i l i t y of the dolos should have been questioned. 

o Gabinete da Area de S i n e s d i d not have the c a p a b i l i t y to p l a n 

and execute a marine p r o j e c t of such magnitude. 

o There were shortcomings i n the management and s u p e r v i s i o n of the 

p r o j e c t by GAS. 

o LNEC s h o u l d have had a more a c t i v e r o l e i n the de s i g n phase. 

F a i l u r e S c e n a r i o 

The c a u s e s of f a i l u r e and the sequence of events l e a d i n g to the f a i l e d 

armor l a y e r d u r i n g the storm of February 26, 1978 w i l l never be c o m p l e t e l y 

d e f i n e d . T h i s i s because of the p a u c i t y of i n f o r m a t i o n c o n c e r n i n g the e x a c t 

s t a t e of the s t r u c t u r e p r i o r to the storm, the wave c o n d i t i o n s a t the 

breakwater d u r i n g the storm and the c o n d i t i o n of the breakwater d u r i n g the 

storm. Many e x p l a n a t i o n s of the cause of f a i l u r e have been proposed, and the 

s t a t e of the breakwater f o l l o w i n g the storm v;as such t h a t any number of 

ev e n t s might have caused or c o n t r i b u t e d to the f a i l u r e . 

The P a n e l p r e s e n t s here a d e s c r i p t i o n of a pr o b a b l e p a t t e r n of e v e n t s 

l e a d i n g to the d e s t r u c t i o n of the armor l a y e r . The c r i t i c a l o b s e r v a t i o n s 

l e a d i n g to the f a i l u r e s c e n a r i o are those on the e x t e n s i v e breakage of the 

d o l o s , the p r o f i l e of the damaged breakwater, ( F i g u r e 8.1) the model t e s t s 

w i t h i r r e g u l a r waves which showed r o c k i n g of d o l o s , t he model t e s t s w i t h 
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t h e a r t i f i c i a l l y weakened d o l o s , and p e r s o n a l e x p e r i e n c e v / i t h o t h e r b r e a k 

w a t e r s . I t i s t h e a u t h o r s ' o p i n i o n t h a t t h i s d e s c r i p t i o n i s p l a u s i b l e i n 

t h a t i t f i t s w i t h t h e a v a i l a b l e e v i d e n c e a l b e i t o t h e r f a i l u r e s c e n a r i o s can 

be p r o p o s e d f r o m t h e a v a i l a b l e d a t a . 

I n t h e e a r l y s t a g e s o f t h e s t o r m , v/hen t h e s i g n i f i c a n t wave h e i g h t 

r e a c h e d 6 m, some d o l o s u n i t s began t o move i n t h e v i c i n i t y o f t h e mean 

w a t e r l e v e l . These u n i t s were t h e ones w h i c h had been p l a c e d i n a r e l a 

t i v e l y u n s t a b l e p o s i t i o n and had l i t t l e s u p p o r t f r o m t h e a d j a c e n t u n i t s . 

( I t i s p r a c t i c a l l y i m p o s s i b l e t o p l a c e d o l o s so t h a t e v e r y u n i t i s i n a 

s t a b l e p o s i t i o n . ) The i n i t i a l movements o c c u r r e d when a l a r g e r wave r a n up 

t h r o u g h t h e armor l a y e r . 

As t h e wave h e i g h t and p e r i o d i n c r e a s e d , t h e movement became more 

s e v e r e and t h e u n i t i t s e l f a c c e l e r a t e d t o t h e v e l o c i t y o f t h e u p r u s h i n g 

wave. The f o l l o w i n g i m p a c t w i t h an a d j a c e n t u n i t p r o d u c e d t e n s i l e s t r e s s e s 

i n one o r b o t h u n i t s t h a t exceeded t h e t e n s i l e s t r e n g t h o f c o n c r e t e . T h i s 

r e s u l t e d i n b r e a k a g e , and f r e q u e n t l y t h e p i e c e s were c a r r i e d away by t h e 

u p r u s h i n g o r d o w n r u s h i n g v/ave. D u r i n g t h i s p r o c e s s , t h e p i e c e s t h e m s e l v e s 

c o l l i d e d w i t h o t h e r u n i t s , i n some cases c a u s i n g a d d i t i o n a l b r e a k a g e . 

A t t h e peak o f t h e s t o r m , when t h e s i g n i f i c a n t wave h e i g h t exceeded 8 

m, a l a r g e number o f u n i t s l o c a t e d j u s t below t h e w a t e r l e v e l b r o k e . As 

t h e p i e c e s were c a r r i e d away, a d j a c e n t u n i t s were f r e e t o move and a r a p i d 

d i s i n t e g r a t i o n o f t h e armor l a y e r o c c u r r e d . I n i t i a l l y t h e g r e a t e s t damage 

o c c u r r e d i m m e d i a t e l y below t h e mean w a t e r l e v e l . The b r o k e n p i e c e s v/ere 

moved by t h e w a t e r m o t i o n and by g r a v i t y f r o m t h e armor l a y e r and t o t h e 

l o w e r p a r t o f t h e mound. The s l o p e o f t h e seaward s i d e o f t h e b r e a k w a t e r 

b e l o w t h e w a t e r l e v e l t h e n became f l a t t e r . 

D u r i n g t h e f i n a l s t a g e s o f t h e s t o r m t h e armor l a y e r was c o m p l e t e l y 

removed a t some l o c a t i o n s . The b r o k e n d o l o s p i e c e s were d i s p l a c e d t o t h e 

base o f t h e armor l a y e r and t h e u n d e r l y i n g s t o n e l a y e r s were e x p o s e d . Wave 

a c t i o n t h e n moved t h e s e exposed s t o n e s o v e r t h e b r o k e n d o l o s p i e c e s . 

C o n t i n u i n g wave a c t i o n e r o d e d t h e c o r e m a t e r i a l and began t o u n d e r m i n e t h e 

s u p e r s t r u c t u r e . 

As t h e c o n c r e t e s u p e r s t r u c t u r e was u n d e r m i n e d i t t i l t e d f o r w a r d . I n 

some i n s t a n c e s t h e s t r u c t u r e b r o k e i n t h e base, where t h e p i p e l i n e s 

c a r r y i n g petrolexam f r o m t h e b e r t h s t o s h o r e w o u l d be l o c a t e d , a n d a t some 
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o f t h e s e l o c a t i o n s t h e wave w a l l a t t h e t o p o f t h e s t r u c t u r e was snapped 

o f f and t h r o w n back as a r e s u l t o f wave i m p a c t . 

The r e a s o n i n g l e a d i n g t o t h e above s c e n a r i o o f t h e f a i l u r e o f t h e 

S i n e s B r e a k w a t e r s u g g e s t s t h e f o l l o v / i n g : 

( 1 ) The d o l o s u n i t s r o c k e d , b r o k e and moved i n t h e armor l a y e r under 

t h e wave c o n d i t i o n s t h a t e x i s t e d d u r i n g t h e s t o r m o f F e b r u a r y 25, 

1978. 

( 2 ) The d o l o s u n i t s were o f s u f f i c i e n t s t r e n g t h t o v ; i t h s t a n d t h e 

f o r c e s o f v/ave a c t i o n e x c e p t v/hen t h e y moved. I n movement, t h e y 

were u n a b l e t o r e s i s t t h e s t r e s s e s p r o d u c e d . 

S u p p o r t f o r t h e argument t h a t t h e damage o c c u r r e d as a r e s u l t o f 

b r e a k a g e o f d o l o s u n i t s i s p r o v i d e d by model s t u d i e s , p r o t o t y p e t e s t i n g o f 

d o l o s s t r e n g t h and o b s e r v a t i o n o f damage t o t h e Sines and o t h e r b r e a k 

w a t e r s . 
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APPENDIX A 

O f f i c i a l R e p l y o f B e r t l i n - C o n s u l m a r - L u s o t e c h n a t o 

I n q u i r y o f P o r t u g u e s e I n v e s t i g a t i n g Committee 

May 3, 1978 

( T h i s t r a n s l a t i o n o f t h e o r i g i n a l r e p l y w h i c h vras i n P o r t u g u e s e i s by 

R.P. Y a t e s . O n l y one o f t h e a p p e n d i c e s m e n t i o n e d i n t h e d o c u m e n t has 

been i n c l u d e d ; however, a n o t a t i o n o f t h e c o n t e n t s o f each i s a t t h e 

end o f t h i s document.) 
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7210/G/2/JGB/CAB 3 r d May 1978 

REPLY TO THE COMMISSION OF INQUIRY ON 

THE ACCIDENT TO THE WEST MOLE AT SINES 

SUBMITTED BY CONSULMAR ON 1 4 t h APRIL 1978 

T r a n s l a t e d by R.P. Ya t e s 

Q u e s t i o n 1 D i f f e r e n c e s between t h e p r o j e c t p r o f i l e o f Consulmar and t h e 

p r o f i l e a p p r o v e d f o r c o n s t r u c t i o n . who p r o p o s e d them? Who 

ap p r o v e d them? What j u s t i f i c a t i o n was g i v e n ? 

A r e t h e y m e r e l y a m a t t e r o f a d j u s t m e n t s o r a r e t h e r e d i f f e r e n c e s 

w h i c h can be c o n s i d e r e d as b e i n g r e l e v a n t ? 

(1) The p r o f i l e p r o p o s e d by t h e BERTLIN-CONSULMAR-LUSOTECHNA 

P l a n n i n g C o n s o r t i u m f o r i n t e r n a t i o n a l t e n d e r s , and d e v e l o p e d t o 

t h e s t a g e o f p r e l i m i n a r y p r o j e c t , was d e s t i n e d t o s e r v e as a 

b a s i s o f c o m p a r i s o n f o r t h e t e n d e r s . I t was assumed t h a t t h e 

p r o f i l e w o u l d l a t e r u ndergo changes as a consequence o f t h e 

p r o p o s a l s made by c o m p e t i n g t e n d e r e r s and o f l a b o r a t o r y t e s t s . 

(2) The f i r m known as CONDOTTE t a k i n g p a r t i n t h e c o m p e t i t i o n , 

b e s i d e s t h e i r p r o p o s a l based on t h e p r e l i m i n a r y p r o j e c t f o r 

t e n d e r s , a l s o s u b m i t t e d a v a r i a n t p r o p o s a l ( V a r i a n t B l ) w h i c h 

i n c l u d e s some changes i n t h e p r o f i l e o f t h e b r e a k w a t e r 

( a p p e n d i x 1 ) . 

(3) T h i s v a r i a n t h a v i n g been p r e f e r r e d , t h e P l a n n i n g C o n s o r t i u m 

p r o c e e d e d i n t h e d e v e l o p n e n t o f t h e p r o j e c t t a k i n g i n t o c o n s i d 

e r a t i o n f u n d a m e n t a l l y t h e t e s t s w h i c h meanwhile were b e i n g 

c o n d u c t e d by LNEC, t h e r e s u l t s o f w h i c h were n o t a v a i l a b l e a t t h e 

t i m e t h e p r e l i m i n a r y p r o j e c t f o r t e n d e r s was b e i n g p r e p a r e d 

( a p p e n d i x 2 ) . 

(4) The changes proposed by CONDOTTE and d e s t i n e d t o f a c i l i t a t e 

c o n s t r u c t i o n by t h e means w h i c h t h e C o n t r a c t o r s c l a i m e d t o 
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p o s s e s s , and t o f a c i l i t a t e p l a c i n g o f t h e n e t w o r k o f p i p e s on t h e 

b r e a k w a t e r c o n s i s t e d m a i n l y o f i n c r e a s i n g t h e w i d t h o f t h e 

b r e a k w a t e r and o f i t s c o n c r e t e s u p e r s t r u c t u r e . 

(5) The a d a p t a t i o n s i n t r o d u c e d i n t o t h e p r o j e c t l a t e r , as a conse

quence o f t h e r e s u l t s o f t h e t e s t s , c o n s i s t e d f u n d a m e n t a l l y o f 

a d j u s t m e n t s t o t h e c o n c r e t e s u p e r s t r u c t u r e and t o t h e l a y e r s o f 

d o l o s and r u b b l e w h i c h can be summarised i n t h e f o l l o w i n g m a i n 

i terns: 

(6) - SUPERSTRUCTURE! I n c r e a s e i n t h e h e i g h t above w a t e r o f t h e wave 

w a l l f r o m +16m (ZH) t o +19ra (ZH); s e p a r a t i o n o f t h e s l a b s u p p o r t 

i n g t h e p i p e s f r o m t h e s m a l l i n s i d e c a i s s o n s ; t r a n s f e r e n c e o f 

c u r v e d f a c i n g t o t h e o u t s i d e o f t h e wave w a l l ; i n t r o d u c t i o n o f 

v e n t i l a t i o n h o l e s i n t h e s l a b s u p p o r t i n g t h e p i p e s . 

(7) - DOLOS COVER: I n c r e a s e o f w e i g h t o f d o l o s f r o m 30 t o 40 t . 

I n c r e a s e i n t h e h e i g h t above w a t e r o f t h e berm f r o m +13m (ZH) t o 

+16m (ZH); i n c r e a s e I n w i d t h o f t h e berm f r o m 2 t o 3 b l o c k s . 

(8) - OTHER LAYERS OF RUBBLE: I n c r e a s e i n w e i g h t o f r u b b l e f r o m 6 -9 

t o n n e s t o 16 - 20 to n n e s i n t h e s u p p o r t f o o t i n g o f t h e c o v e r o f 

d o l o s , and change i n i t s c o n f i g u r a t i o n f r o m p a r a l l e l o g r a m t o 

t r a p e z o i d a l ; i n t r o d u c t i o n o f s e l e c t e d TOT above t h e -2.50m (ZH) 

l e v e l and t h e p r o t e c t i o n f i l t e r a t t h e base o f t h e mole i n t h e 

zones o f t h e sandy b o t t o m ; i n t r o d u c t i o n o f a sec o n d l a y e r o f 

s e c o n d a r y r u b b l e between t h e TOT and t h e l a y e r o f 3 - 6 t o n n e s . 

(9) The changes p r o p o s e d i n t h e V a r i a n t B l by CONDOTTE were j u s t i 

f i e d f o r r e a s o n s o f economy and c o n s t r u c t i o n . 

(10) The a d a p t a t i o n s i n t r o d u c e d i n t h e dev e l o p m e n t o f t h e p r o j e c t 

were s u g g e s t e d by t h e t e s t r e s u l t s and/or b y rec o m m e n d a t i o n o f 

t e c h n i c i a n s w i t h e x p e r i e n c e i n t h i s t y p e o f w o r k s , namely. 

E n g i n e e r Zwamborn. 

Among the s e a d a p t a t i o n s t h e f o l l o w i n g a r e n o t e w o r t h y : 

(11) - I n c r e a s e i n above-water d i m e n s i o n s o f t h e b r e a k w a t e r and t h e 

d o l o s , and i n t h e c u r v e o f t h e f a c i n g o f t h e b r e a k w a t e r w i t h t h e 

o b j e c t o f r e d u c i n g wave o v e r - t o p p i n g w h i c h t h e t e s t s had shown 

t o be e x c e s s i v e and a p o s s i b l e cause o f damage t o p i p e s . 
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(12) - I n c r e a s e i n w e i g h t o f d o l o s w i t h t h e o b j e c t o f r e d u c i n g t h e 

r i s k o f t h e i r d i s p l a c e m e n t f r o m t h e p o s i t i o n s i n w h i c h t h e y were 

l a i d and o f o s c i l l a t i o n s o b s e r v e d i n t h e t e s t s w i t h d o l o s o f 30 

t o n n e s (Appendices 1 , 3, and 4 ) ; 

(13) - S e p a r a t i o n o f t h e p i p i n g - s u p p o r t s l a b w i t h t h e o b j e c t o f 

i n c r e a s i n g t h e s t a b i l i t y o f t h e s u p e r s t r u c t u r e g i v e n t h a t t h e 

t e s t s showed t h a t t h e b r e a k - u p o f t h e b r e a k w a t e r was due t o i t s 

s l i p p i n g t o w a r d s t h e i n t e r i o r o f t h e p o r t (see f i g u r e s 12 and 13 

o f A p p e n d i x 1 ) ; 

(14) - I n c r e a s e i n w e i g h t o f r u b b l e i n t h e f o o t i n g o f t h e c o v e r o f 

d o l o s , as a r e s u l t o f t h e t e s t s h a v i n g r e v e a l e d t h a t b l o c k s o f 

b a r e l y 6 - 9 t o n n e s had been d i s p l a c e d ; 

(15) - Change i n f o r m o f t h e s u p p o r t base o f t h e d o l o s cover s u g g e s t e d 

by E n g i n e e r Zwamborn o f S o u t h A f r i c a , one o f t h e i n v e n t o r s o f 

t h i s new t y p e o f b l o c k , w i t h t h e o b j e c t o f i n c r e a s i n g s e c u r i t y 

a g a i n s t s l i p p i n g o f t h e c o v e r and o f f a c i l i t a t i n g t h e p l a c i n g o f 

t h e f i r s t d o l o s ( A p p e n d i x 5 ) . 

(16) A l l o f t h e changes and a d a p t a t i o n s r e f e r r e d t o were s u b m i t t e d 

f o r a p p r o v a l t o GAS, e i t h e r by CONDOTTE ( V a r i a n t B l ) o r by t h e 

P l a n n i n g C o n s o r t i u m ( A p p e n d i x 4 ) . 

(17) I n our o p i n i o n a l l t h e changes e f f e c t e d c o n t r i b u t e d t o I m p r o v i n g 

t h e p r o j e c t and i n c r e a s i n g t h e s e c u r i t y o f t h e Works. Where some 

o f t h e s e changes a r e e x t e n s i v e f r o m o v e r w a v e - t o p p i n g c e r t a i n 

p o i n t s o f v i e w ( e . g . , r e d u c t i o n o f c o n s t r u c t i o n a l f a c i l i t i e s , 

e t c . ) t h e y s h o u l d n o t be c o n s i d e r e d as r e l e v a n t changes i n 

r e l a t i o n t o t h e t y p e and g e n e r a l c o n c e p t o f t h e Works. 
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Q u e s t i o n 2 TESTS 

T e s t s c o m p l e t e d . T e s t s w h i c h c o u l d have been made, b u t were n o t 

made. 

What t e s t s s h o u l d be made t o c l a r i f y t h e a c c i d e n t ? 

Which l a b o r a t o r i e s o t h e r t h a n LNEC a r e i n a p o s i t i o n t o c a r r y o u t 

such t e s t s ? 

Answers TESTS COMPLETED 

(1) From t h e p o i n t o f v i e w o f h y d r a u l i c s , f o u r t y p e s o f t e s t s were 

made as f o l l o w s : 

S t u d i e s o f wave a c t i o n i n t h e p o r t ; 

S t u d i e s o f c h a n n e l s t a b i l i t y ; 

S t u d i e s o f resonance i n t h e p o r t ; 

- S t u d i e s o f s t r e s s e s caused i n t h e p i p i n g by wave o v e r 

t o p p i n g . 

(2) D u r i n g t h e c o u r s e o f t h e s e t e s t s s e v e r a l v i s i t s were made t o t h e 

O f f i c e s o f LNEC by t e c h n i c i a n s o f GAS and o f BCL. These v i s i t s 

were f o l l o w e d by m e e t i n g s t o a n a l y z e t h e r e s u l t s m e a n w h i l e 

o b t a i n e d and t o e s t a b l i s h t h e g e n e r a l l i n e s o f c o n d u c t o f t e s t s 

i n f u t u r e ( A p p e n d i c e s 2 and 5) . T e c h n i c a l n o t e s were p r e p a r e d by 

LNEC d u r i n g t h e t e s t s on t h e t e m p o r a r y r e s u l t s o f t h e t e s t s . 

From t h e s e n o t e s t h e f o l l o w i n g r e p o r t s were p r e p a r e d : 

(3) STUDY OF TURBULENCE IN PORT 

"Stud y o f t u r b u l e n c e I n a r e d u c e d model o f t h e P o r t o f S i n e s -

P r o v i s i o n a l R e p o r t , O c t . '72." 

" P o r t o f S i n e s - S t u d y o f t u r b u l e n c e i n a r e d u c e d m o d e l -

P r o v i s i o n a l R e p o r t ( I I ) - Feb. '73." 

" P o r t o f S i n e s - S t u d y o f t u r b u l e n c e i n a r e d u c e d m o d e l -

P r o v i s i o n a l R e p o r t ( I I I ) - June '73." 

(4) STUDIES OF CHANNEL STABILITY 

"West Mole o f t h e P o r t o f S i n e s - T e s t s on a c h a n n e l o f 

t y p i c a l s e c t i o n ( b r e a k w a t e r o f c u r v e d f a c e ) - J a n , ' 7 3 . " 
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" P o r t o f S i n e s - T e s t s o f s t a b i l i t y o f t h e West Mole Head -

J u l y '76." 

" T e s t s i n s e c t i o n o f i r r e g u l a r o h a n n e l waves" ( n o t r e c e i v e d 

b u t i t i s assumed t o be i n c o u r s e o f p r e p a r a t i o n ) . 

(5) STUDIES OF WAVE RESONANCE 

" P o r t o f S i n e s - S t u d y o f resonan c e i n re d u c e d model -Mar. 

'74." 

" P o r t o f S i n e s - S t u d y o f resonan c e i n r e d u c e d model - I I 

R e p o r t - Apr. '75." 

(6) STUDIES OF STRESSES CAUSED IN PIPING BY WAVE OVER-TOPPING. 

" S t u d i e s o f s t r e s s e s caused i n p i p i n g o f West M o l e - P o r t o f 

S i n e s by w a v e - o v e r t o p p i n g - Feb. '77." 

(7) HYDRAULIC TESTS WHICH COULD HAVE BEEN MADE 

Be s i d e s t h e t e s t s made o t h e r s c o u l d have been made i n 

acco r d a n c e w i t h t h e programmes recommended by t h e P l a n n i n g 

C o n s o r t i u m as i n d i c a t e d i n A p p e n d i c e s 5, 7 and 8. The t e s t s 

n o t made w o u l d have been o f t h e same t y p e as t h o s e made, 

c o v e r i n g o t h e r c h a r a c t e r i s t i c s o f waves ( h e i g h t s , p e r i o d s and 

o b l i q u e n e s s o f wave a t t a c k ) o r some a d a p t a t i o n s o f s e c t i o n . 

I n g e n e r a l , t h e y were n o t c a r r i e d o u t because o f t i m e and/or 

equipment l i m i t a t i o n s . 

(8) TESTS FOR CLARIFICATION OF THE ACCIDENT 

For c l a r i f i c a t i o n o f t h e a c c i d e n t i n o r d e r t o r e p r o d u c e t h e 

damage v e r i f i e d , i t i s r e q u i r e d t o c a r r y o u t t e s t s o f t h e 

p r e s e n t s e c t i o n i n s u b j e c t i o n t o i r r e g u l a r waves, w i t h wave 

c o n d i t i o n s e q u i v a l e n t t o t h o s e o f t h e s t o r m s o f 21.2.78 and 

2.3.78. I n t h e s e t e s t s e v e n t u a l d i f f e r e n c e s i n t r o d u c e d 

between t h e p r o j e c t e d s e c t i o n and t h a t a c t u a l l y e x e c u t e d 

s h o u l d be i n t r o d u c e d s u c c e s s i v e l y ( f o r example d e f e c t i v e 

i n t e r l o c k i n g o f t h e d o l o s , f a u l t y p l a c i n g o f r u b b l e o f 16 t o 

20 tonne s a t t h e base o f t h e d o l o s , e x c e s s i v e c o n t e n t o f f i n e s 

i n t h e TOT, p r e s e n c e o f h i g h numbers o f d i s p l a c e d d o l o s , 

p r e s e n c e o f e x c e s s i v e l y l a r g e o r s m a l l b l o c k s i n t h e v a r i o u s 
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r u b b l e c o v e r s , t h i c k n e s s e s and p o s i t i o n s of c o v e r s not 

adhered to i n the p l a c i n g of d o l o s and stone b l o c k s a g a i n s t 

the breakwater wave w a l l , e t c . 

B e s i d e s LNEC c a r r y i n g out such t e s t s , equipment i s a v a i l a b l e 

a t the f o l l o w i n g l a b o r a t o r i e s a t l e a s t : 

Trondheim (Norway) 

D e l f t (Holland) 

W a l l i n g f o r d (England) 

Chatou (Prance) 

S t e l l e n b o s c h (South A f r i c a ) 
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Q u e s t i o n 3 D i d Consulmar c o l l a b o r a t e w i t h t h e I n s p e c t i o n E n g i n e e r s ? 

I n t h e t e r m s o f t h e c o n t r a c t w h a t was Consulmar's f u n c t i o n i n 

t h i s f i e l d ? 

Were t h e c r o s s - s e c t i o n s a c t u a l l y e x e c u t e d p r e s e n t e d t o Consulmar 

as t h e works p r o g r e s s e d ? 

I s i t a d m i t t e d t h a t , i n a c c o r d a n c e w i t h t h e c o n s t r u c t i o n methods 

a d o p t e d , a p p r e c i a b l e d i f f e r e n c e s between t h e p r o j e c t e d s e c t i o n 

and t h e e x e c u t e d s e c t i o n c o u l d have been r e v e a l e d ? 

Does t h e r e e x i s t s u f f i c i e n t l y e f f i c i e n t and r a p i d p r o c e s s e s f o r 

c h e c k i n g t h e submerged w o r k s w h i c h were a c t u a l l y c a r r i e d o u t ? 

Answers 

(1) The f i r m s o f t h e P l a n n i n g C o n s o r t i u m d i d n o t c o l l a b o r a t e w i t h 

t h e I n s p e c t i o n E n g i n e e r s on t h e works s i t e . 

(2) Some o f the v i s i t s made s p o r a d i c a l l y t o t h e s i t e by some o f t h e 

C o n s o r t i u m t e c h n i c i a n s d i d e n a b l e them t o o b s e r v e how t h e mole 

was t o be c o n s t r u c t e d . Comments on t h e c o n s t r u c t i o n p r o c e d u r e s 

and t h e c o n t r o l t e c h n i q u e s used a r e c o n t a i n e d i n t h e l e t t e r s o f 

A p p e n d i c e s 9, 10, 1 1 , 12 and 13. The l e t t e r s were a l w a y s accom

p a n i e d by v e r b a l c o m m e n t a r i e s , b u t t h e commentaries were n o t 

a l w a y s accompanied by l e t t e r s . 

(3) I n terras o f t h e c o n t r a c t i t f e l l t o t h e P l a n n i n g C o n s o r t i u m t o 

p r e s e n t a l l t h e c l a r i f i c a t i o n s n e c e s s a r y f o r t h e c o r r e c t i n t e r 

p r e t a t i o n o f t h e p r o j e c t . 

(4) The P l a n n i n g C o n s o r t i u m o f f e r e d t o c o n t r a c t s e p a r a t e l y t o u n d e r 

t a k e t h e i n s p e c t i o n f u n c t i o n s , w h i c h o f f e r was n o t a c c e p t e d . 

L a t e r , s y s t e m a t i c t e c h n i c a l a s s i s t a n c e s e r v i c e s were p r o p o s e d 

more t h a n once t o t h e I n s p e c t i o n O f f i c e o f GAS w h i c h had been s e t 

up meantime (Appendices 14 and 1 5 ) . 

(5) I n t h i s r e s p e c t , a b o u t t h e m i d d l e o f 1977 l i m i t e d t e c h n i c a l 

a s s i s t a n c e was p r o p o s e d and a c c e p t e d by Consulmar i n d e p e n d e n t l y 

o f t h e P l a n n i n g C o n s o r t i u m - B.C.L. w h i c h was i n t e n d e d p a r t i c u 

l a r l y t o a s s i s t t h e I n s p e c t i o n O f f i c e i n t h e e v a l u a t i o n o f 
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q u a n t i t i e s t o be p a i d and e n t a i l i n g b a r e l y two v i s i t s per month 

t o t h e Works by two o f Consulmar's t e c h n i c i a n s . T h i s a s s i s t a n c e 

was e x t e n d e d a t t h e end o f 1977 t o i n c l u d e t h e d e t a c h m e n t o f two 

t e c h n i c i a n s on a permanent b a s i s t o S i n e s s i t e t o p a r t i c i p a t e i n 

t h e p r e p a r a t i o n o f measurements c h a r t s and t h e c r i t e r i a f o r the 

a p p l i c a t i o n o f u n i t p r i c e s , i n v i e w o f t h e need t o p r e p a r e t h e 

documents f o r t h e a p p r o a c h i n g p r o v i s i o n a l a cceptance 

f o r m a l i t i e s . 

(6) C o n s i d e r i n g t h a t t h e C o n s o r t i u m was n o t a s s i s t i n g i n t h e I n s p e c 

t i o n f u n c t i o n , t h e p r o f i l e s o f t h e w orks a c t u a l l y e x e c u t e d w h i c h 

t h e I n s p e c t i o n D e p a r t m e n t s h o u l d have r e c o r d e d , were never 

p r e s e n t e d t o t h e C o n s o r t i u m as t h e w orks p r o g r e s s e d . 

(7) The a v a i l a b l e i n f o r m a t i o n on t h e c o n s t r u c t i o n methods a d o p t e d , 

and p a r t i c u l a r l y t h e c o n t r o l p r o c e d u r e s used by t h e C o n t r a c t o r 

o r by t h e I n s p e c t i o n D e p a r t m e n t , l e a d s us t o s u s p e c t t h a t i n 

c e r t a i n l o c a t i o n s d i f f e r e n c e s between t h e p r o j e c t e d p r o f i l e and 

t h e p r o f i l e e x e c u t e d m i g h t have been e s t a b l i s h e d , b o t h i n the 

c o n f i g u r a t i o n ( p o s i t i o n s and t h i c k n e s s e s o f d i f f e r e n t l a y e r s ) 

and i n t h e c h a r a c t e r i s t i c s and d i s t r i b u t i o n o f t h e m a t e r i a l used 

( i n t e r l o c k i n g o f d o l o s , d i m e n s i o n i n g o f t h e e l e m e n t s i n each 

l a y e r , p e r c e n t a g e o f f i n e s i n t h e TOT, e t c . ) 

(8) The u n d e r w a t e r p r o c e s s e s a v a i l a b l e s h o u l d n o t be c o n s i d e r e d as 

e f f i c i e n t and f a s t . Because o f t h e i n h e r e n t d i f f i c u l t i e s o f 

u n d e r w a t e r i n s p e c t i o n , t h e t r u t h i s t h a t a t t h e p r e s e n t t i m e an 

a p p r e c i a b l e e x p e r i e n c e i n t h e i n s p e c t i o n o f s u c h works i s 

a l r e a d y a v a i l a b l e , such e x p e r i e n c e b e i n g d e r i v e d f r o m t h e execu

t i o n and i n s p e c t i o n o f d e l i c a t e u n d e r w a t e r o p e r a t i o n s such as 

p i p e l i n e and o f f - s h o r e c o n s t r u c t i o n s f o r o i l e x p l o r a t i o n and 

e x p l o i t a t i o n on t h e c o n t i n e n t a l s h e l v e s . Many f i r m s o f v a r i o u s 

c o u n t r i e s d e v o t e a l l t h e i r a c t i v i t i e s e x c l u s i v e l y t o t h e execu

t i o n and i n s p e c t i o n o f u n d e r w a t e r o p e r a t i o n s , f o r w h i c h t h e y 

d e p l o y v e r y d i v e r s e and complex e q u i p m e n t . 
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Q u e s t i o n 4 E x p e r i e n c e on t h e p e r f o r m a n c e o f t h e d o l o s i n w o r k s . P e r f o r 

mance o f 40 to n n e n o n - r e i n f o r c e d d o l o s . I n f l u e n c e o f p l a c i n g by 

f l o a t i n g e q u i p m e n t i n c o n d i t i o n s o f c o n s i d e r a b l e t u r b u l e n c e . 

Recommended s l o p e s . Does t h e s u p p o r t f o o t i n g a t t h e base o f t h e 

d o l o s c o v e r appear t o be w e l l d i m e n s i o n e d ? 

Answers 

(1) E x p e r i e n c e o f t h e b e h a v i o u r o f t h e d o l o s i n works i s a t t h e 

p r e s e n t t i m e a l r e a d y r e a s o n a b l e ( s i c ) / a p p r e o i a b l e . A t t a c h e d i s 

a d r a w i n g i n d i c a t i n g t h e l o c a t i o n s and main c h a r a c t e r i s t i c s o f 

t h e works e x e c u t e d o r p r o j e c t e d w i t h t h i s t y p e o f b l o c k 

( A p p e n d i x 1 6 ) . 

(2) The d o l o i s i n d i s p u t a b l y e f f e c t i v e i n t h e f i e l d o f h y d r a u l i c 

( m a r i n e ) f u n c t i o n s . I n f a c t , c o n s i d e r i n g i t s h i g h p o t e n t i a l f o r 

i n t e r l o c k i n g i n works s u b j e c t t o h i g h p r o j e c t wave v a l u e s , i t 

o f f e r s m i n i m i s a t i o n o f w e i g h t as compared w i t h o t h e r t y p e s o f 

b l o c k s . 

(3) D u r i n g t h e development o f t h e p r o j e c t , t h e use o f r e i n f o r c e m e n t 

o f t h e d o l o s was c o n s i d e r e d , t h e c o n c l u s i o n a r r i v e d a t b e i n g 

t h a t r e i n f o r c e m e n t was n o t n e c e s s a r y , as was made e x p l i c i t i n 

t h e p a p e r made by J.D. Mettam f o r t h e 1 5 t h C o n f e r e n c e o f C o a s t a l 

E n g i n e e r i n g i n 1976 (Ap p e n d i x 1 ) . The P l a n n i n g C o n s o r t i u m , 

b e s i d e s s e v e r a l c o n t a c t s made w i t h s p e c i a l i s t s i n t h i s t e c h 

n o l o g y , i n c l u d i n g v i s i t s t o S o u t h A f r i c a , a l s o t o o k i n t o a c c o u n t 

t h e p a p e r by L i l l e v a n g e n t i t l e d " E x p e r i m e n t a l S t u d i e s o f 

S t r e s s e s w i t h i n B r e a k w a t e r Armour P i e c e D o l o s " g i v e n a t t h e same 

C o n f e r e n c e . 

(4) I n t h e case o f S i n e s , t h e d o l o s were o v e r - d i m e n s i o n e d (42 t 

i n s t e a d o f 33 t t h e o r e t i c a l l y ) i n o r d e r t o r e t a r d t h e b e g i n n i n g 

o f movement, and t h e i r shaped f o r m made more r o b u s t ( i n t r o 

d u c t i o n o f c h a m f e r s i n t h e l e g - t o - b o d y j o i n t s and t h e t h i c k e n i n g 

o f t h e body) t o reduce t h e r i s k o f f r a c t u r e . T h i s p r e o c c u p a t i o n 

l e d t o t h e i n c l u s i o n i n t h e b i l l s o f q u a n t i t i e s o f t h e c o n t r a c t 

d o l o s f o r t e s t i n g and l a t e r t h e a t t e n t i o n o f GAS was drawn t o 

t h i s m a t t e r (Appendices 17 and 1 8 ) . 
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(5) The use o f f l o a t i n g , e q u i p m e n t i n c o n d i t i o n s o f c o n s i d e r a b l e wave 

a c t i o n , such as i s s u s p e c t e d t o have o c c u r r e d a t S i n e s d u r i n g 

some p e r i o d s o f t h e c o n s t r u c t i o n o f t h e m o l e , may have e n t a i l e d 

d i f f i c u l t y i n p l a c i n g and i n t e r l o c k i n g t h e d o l o s as w e l l as 

c a u s i n g breakage and f r a c t u r e s i n them. The l a r g e r t h e d o l o s , 

t h e g r e a t e r t h e p r e c a u t i o n s t h a t s h o u l d be t a k e n i n p l a c i n g 

them. However, i t i s n o t known what were t h e c r i t e r i a used f o r 

t h e e s t a b l i s h m e n t o f l i m i t s o f m a r i n e c o n d i t i o n s f o r p l a c i n g 

d o l o s . D u r i n g t h e e v a l u a t i o n o f v a r i o u s p r o p o s a l s s u b m i t t e d i n 

t h e c o m p e t i t i o n o f 1973, t h e a t t e n t i o n o f GAS was drawn t o t h e 

p r o b l e m s i n h e r e n t i n t h e use o f f l o a t i n g e q u i p m e n t i n p l a c i n g 

d o l o s (Appendices 19 and 2 0 ) . 

(6) i n t h e Tender S p e c i f i c a t i o n s (page 319) i t was s t i p u l a t e d t h a t 

t h e C o n t r a c t o r s h o u l d d e m o n s t r a t e t o t h e I n s p e c t i o n Department 

"on s i t e by means o f models t h a t t h e p r o c e s s p r o p o s e d f o r p l a c i n g 

t h e b l o c k s a t u n d e r w a t e r l e v e l s e n s u r e d a d e q u a t e i n t e r l o c k i n g o f 

t h e p r o t e c t i o n c o v e r . " 

(7) The s l o p e s and t h e s e c t i o n o f t h e b a c k i n g o f t h e d o l o s cover were 

d i m e n s i o n e d i n a c c o r d a n c e w i t h t h e r e s u l t s o f t e s t s w i t h 

i r r e g u l a r waves w h i c h t o o k p l a c e a t LNEC, and w h i c h w i t h i n t h e 

i n h e r e n t l i m i t a t i o n s o f s i m u l a t i o n were c o n s i d e r e d s u f f i c i e n t l y 

r e p r e s e n t a t i v e o f n a t u r a l c o n d i t i o n s . The s l o p e s a d o p t e d , as 

w e l l as t h e c l a s s e s and t h i c k n e s s e s o f r u b b l e a r e i n a ccordance 

w i t h e x p e r i e n c e g a i n e d i n o t h e r works and w i t h c o n s t a n t 

r e f e r e n c e t o t h e l i t e r a t u r e o f t h e t e c h n o l o g y a v a i l a b l e a t t h e 

p r o j e c t development l e v e l . I t i s n o t b e l i e v e d t h a t t h e y 

p r e s e n t e d d i f f i c u l t i e s o f e x e c u t i o n beyond t h o s e i n h e r e n t t o 

t h i s t y p e o f w o r k s . D e s p i t e t h e exposure g i v e n t o t h e p r o f i l e 

a d o p t e d n o t o n l y f o r t h e p u r p o s e o f t h e t e n d e r c o m p e t i t i o n as i n 

t h e b r o c h u r e d i s t r i b u t e d by GAS and a l r e a d y p u b l i s h e d a r t i c l e s , 

no c r i t i c i s m o f t h e g e n e r a l d i m e n s i o n i n g o f t h e p r o f i l e was e v e r 

h e a r d . E n g i n e e r Zwamborn, D i r e c t o r o f t h e L a b o r a t o r y where 

d o l o s were f i r s t s t u d i e d , c l a s s i f i e d t h e p r o f i l e as "adequate 

f o r t h e d e s i g n c o n d i t i o n s " ( A p p e n d i x 5, page 4 ) . 
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Q u e s t i o n 5 E x p e r i e n c e o f t h e b e h a v i o u r / p e r f o r m a n c e o f r u b b l e f o u n d a t i o n s o f 

g r e a t d e p t h . 

M a g n i t u d e and e v o l u t i o n d u r i n g s e t t l i n g p e r i o d . 

I m p o r t a n c e o f t h e f a c t t h a t some p o r t i o n s o f t h e f o u n d a t i o n s 

were n o t l e f t t o pass a w i n t e r b e f o r e t h e c o n s t r u c t i o n o f t h e 

s u p e r s t r u c t u r e . 

I s t h e r e any c o r r e l a t i o n between t h e damaged p o r t i o n s and t h o s e 

on w h i c h t h e s u p e r s t r u c t u r e was b u i l t b e f o r e t h e p a s s i n g o f one 

w i n t e r ? 

Answers 

(1) P a r t i c u l a r l y i n t h e c o n s t r u c t i o n o f dams, t h e r e have been 

e x e c u t e d i n many p a r t s o f t h e w o r l d embankments o f r u b b l e o f 

g r e a t h e i g h t . The s e t t l e m e n t o f such embankments depends on t h e 

n a t u r e o f t h e c o n s t i t u e n t e l e m e n t s , on g r a n u l o m e t r y , on t h e 

e x i s t e n c e , o r n o n - e x i s t e n c e o f s h a r p s e r r a t i o n s i n t h e e l e m e n t s 

o f t h e embankment, o f t h e h e i g h t o f t h e l a y e r s i n w h i c h t h e 

f o u n d a t i o n s are e x e c u t e d , and t h e i n t e r v a l o f t i m e between t h e 

t i p p i n g o f t h e v a r i o u s l a y e r s . Rubble Works u s i n g b l o c k s o f 

s t o n e w i t h v e r y s h a r p s e r r a t i o n s and o f a l m o s t u n i f o r m s i z e 

s u c h as used g e n e r a l l y f o r s u p p o r t i n g b l o c k s and c o n c r e t e 

c a i s s o n s i n c o a s t a l w o r k s , sometimes causes c o n s i d e r a b l e 

s e t t l e m e n t . 

F o u n d a t i o n s c o n s i s t i n g o f rounded e l e m e n t s and t h o s e o f a 

p r o p e r l y s e l e c t e d g r a n u l o m e t r y p r e s e n t i n g e n e r a l , as a w h o l e , 

s e t t l e b a r e l y 0.5 t o 1.5%. 

(2) T h i s was t a k e n i n t o c o n s i d e r a t i o n i n t h e p a r t i c u l a r case o f 

S i n e s . The a c t i o n o f t h e sea d u r i n g t h e p e r i o d o f 3 months 

s t i p u l a t e d i n t h e s p e c i f i c a t i o n s as a minimum between t h e 

t i p p i n g o f t h e r u b b l e and t h e e x e c u t i o n o f t h e c o n c r e t e s u p e r 

s t r u c t u r e , as a l s o t h e s i z e l i m i t s o f t h e f i n e s d e s t i n e d t o f i l l 

t h e spaces between s t o n e s o f g r e a t e r d i m e n s i o n s , c o n t r i b u t e d t o 

l i m i t i n g t h e s e t t l i n g t o s m a l l v a l u e s . The i n c l u s i o n i n t h e 

t e n d e r s p e c i f i c a t i o n s o f measures t o r e d u c e s e t t l e m e n t was 
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i n t e n d e d m a i n l y t o a v o i d c r a c k i n g o f t h e s u p e r s t r u c t u r e i n t h e 

e v e n t o f d i f f e r e n t i a l s e t t l i n g . 

(3) The C o n s o r t i u m does n o t have s y s t e m a t i c i n f o r m a t i o n on t h e d a t e s 

o f p l a c i n g t h e r u b b l e nor does i t have any knowledge o f t h e 

r e s u l t s o f o b s e r v a t i o n s o f s e t t l e m e n t d u r i n g t h e p l a c i n g o f TOT 

and r u b b l e . 

(4) The C o n s o r t i u m does n o t , f o r t h o s e r e a s o n s , c o n s i d e r i t s e l f 

q u a l i f i e d t o d e t e r m i n e w h e t h e r t h e r e i s any c o r r e l a t i o n between 

t h e damaged p o r t i o n s and t h o s e on w h i c h t h e s u p e r s t r u c t u r e was 

c o n s t r u c t e d b e f o r e t h e p a s s i n g o f one w i n t e r , nor w h e t h e r w i t h 

one w i n t e r p a ssed, c o m p l e t e w i t h d r a w a l o f t e m p o r a r y m a t e r i a l s 

and r e p a i r s t o t h e zone ( n o r m a l l y d e s i g n a t e d as " W i n t e r Head") 

were a l w a y s c a r r i e d o u t . 
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Q u e s t i o n 6 What was t h e h e i g h t o f waves a l l o w e d f o r i n t h e p r o j e c t ? And a t 

what v a l u e was i t f o u n d t o be i n t h e case o f t h e a c c i d e n t ? I n 

n o r m a l c o n d i t i o n s , i s i t p o s s i b l e t o q u a n t i f y t h e s a f e t y o f a 

s l o p e d b r e a k w a t e r ? I n t h e case o f S i n e s what w o u l d t h e c o e f f i 

c i e n t o f s a f e t y be? 

Answers 

(1 ) The c r i t e r i a a d o p t e d f o r t h e s e l e c t i o n o f t h e p r o j e c t wave a r e 

e x p l a i n e d , f o r example, i n t h e paper g i v e n by E n g i n e e r Mettam i n 

1976 a t t h e C o n f e r e n c e o f C o a s t a l E n g i n e e r i n g i n H o n o l u l u 

(Appendix 1 ) . 

(2) They can be summarised as f o l l o w s : 

b e g i n n i n g o f t h e o s c i l l a t i o n o f t h e b l o c k s i n s t o r m s ( o f a 

v i o l e n c e ) w i t h a f r e q u e n c e o f 1 i n 10 y e a r s 8.5m 

b e g i n n i n g o f d i s p l a c e m e n t and f a l l o f some i s o l a t e d b l o c k s i n 

s t o r m s ( o f a v i o l e n c e ) w i t h a f r e q u e n c y o f 1 i n 30 

y e a r s 9.5m 

b e g i n n i n g o f d e s t r u c t i o n (more t h a n 1 % o f damage i n t h e d o l o s 

c o v e r i n s t o r m s ) ( o f a v i o l e n c e ) w i t h a f r e q u e n c y o f 1 i n 100 

y e a r s 11.0m 

(3) The c h a r a c t e r i s t i c s o f t h e s t o r m , i n c l u d i n g t h e h e i g h t o f t h e 

maximum s i g n i f i c a n t wave, a r e n o t y e t c o m p l e t e l y known, a work 

g r o u p h a v i n g been f o r m e d by t e c h n i c i a n s o f INMG, LNEC, and 

CONSULMAR t o s t u d y them. A t p r e s e n t i t can be s a i d t h a t t h e 

s i g n i f i c a n t wave can n o t have exceeded waves w i t h a f r e q u e n c y o f 

1 i n 30 y e a r s . The d i f f i c u l t i e s e n c o u n t e r e d i n t h e c h a r a c t e r i 

s a t i o n o f t h e s t o r m must be a t t r i b u t e d f u n d a m e n t a l l y t o t h e non

e x i s t e n c e o f d a t a on t h e c o n d i t i o n s i n t h e o u t e r bay o f S i n e s 

r e l a t i n g t o 2 5 t h and 2 6 t h F e b r u a r y . 

(4) C o n s i d e r i n g the c h a r a c t e r i s t i c s o f t h i s t y p e o f w ork, i t i s 

n o r m a l p r o c e d u r e t o q u a n t i f y t h e s a f e t y o f a s l o p i n g mole on t h e 

b a s i s a t l e a s t o f t h e a d o p t i o n o f a r e q u i r e m e n t w i t h a d e f i n i t e 

p r o b a b i l i t y o f o c c u r r e n c e . 

I n t h e case o f S i n e s , t h e p e r i o d o f f r e q u e n c y c o n s i d e r e d was 100 

y e a r s . The c r i t e r i o n o f damage a d o p t e d f o r t h i s r e q u i r e m e n t 
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depends on t h e m a g n i t u d e o f t h e Works and t h e d i f f i c u l t y o f 

e v e n t u a l r e p a i r s . 

For p r a c t i c a l r e a s o n s 1 % o f damage i s o f t e n r e g a r d e d as "absence 

o f damage." 

(5) M e r r l f i e l d t o whom t h e c r e d i t f o r t h e i n i t i a l d e v e l o p m e n t o f 

d o l o s i s owed, s t a t e s i n an a r t i c l e p u b l i s h e d i n "Dock and 

H a r b o u r A u t h o r i t y " i s s u e o f A p r i l 1970 t h a t i n South A f r i c a i t i s 

a d m i t t e d t h a t 2% o f t h e d o l o s can be d i s p l a c e d when s u b j e c t e d t o 

t h e p r o j e c t wave. A l s o , i t i s c u r r e n t p r a c t i c e t o t e s t w orks i n 

r e d u c e d s c a l e model t o t h e p o i n t o f d e s t r u c t i o n , t h e wave 

c o n d i t i o n s i n w h i c h d e s t r u c t i o n i s a t t a i n e d , and t h e f o r m o f 

damage, b e i n g r e c o r d e d (Appendix 8 ) . 

(6) I n t h e case o f S i n e s b r e a k w a t e r , t h e d e s t r u c t i o n t e s t s were 

meantime c a r r i e d o u t o n l y w i t h r e g u l a r waves, and i n an i n t e r 

m e d i a t e phase o f t h e p r o j e c t i t was o b s e r v e d t h a t t h e d e s t r u c 

t i o n p o i n t was r e a c h e d w i t h t h e s l i p p i n g o f t h e s u p e r s t r u c t u r e 

t o w a r d t h e i n t e r i o r o f t h e p o r t when s u b j e c t e d t o waves o f 13 m 

92 



Q u e s t i o n 7 I s t h e r e any e x p l a n a t i o n f o r t h e a c c i d e n t ? 

I n y o u r j u d g e m e n t what causes c o u l d have o r i g i n a t e d t h e 

a c c i d e n t ? 

Which among t h e f o l l o w i n g h y p o t h e s e s seems t o you t o have caused 

t h e a c c i d e n t ? 

1. Gross e r r o r i n t h e p r o j e c t . 

2. Gross e r r o r i n c o n s t r u c t i o n . 

3. M a r i n e c o n d i t i o n s much g r e a t e r t h a n t h o s e a l l o w e d f o r i n 

t h e p r o j e c t . 

4. One, o r i n t e r a c t i o n o f more t h a n one, o f t h e f o l l o w i n g 

h y p o t h e s e s : 

4.1 E r o s i o n o f t h e f o u n d a t i o n . 

4.2 S e t t l i n g o f t h e c o r e o f t h e ' b a s e . 

4.3 Loss o f f i n e s f r o m t h e c o r e . 

4.4 D i s p l a c e m e n t o f t h e d o l o s c o v e r due t o d e f i c i e n c y o f 

s u p p o r t f o o t i n g . 

4.5 D e f i c i e n c y o f d o l o s f i x i n g . 

4.6 H i g h p e r c e n t a g e o f d i s p l a c e d d o l o s . 

4.7 E x c e s s i v e v a l u e o f S l o p e - a n g l e p r o j e c t e d . 

4.8 C o n s t r u c t i o n w i t h s l o p e s more p r o n o u n c e d t h a n i n t h e 

p r o j e c t . 

4.9 S p e c i f i c d i s c o v e r y o f a l o c a l l y h i g h number o f d i s 

p l a c e d d o l o s s t a r t i n g o f f a p r o c e s s o f d e s t r u c t i o n o f 

t h e zone under p r o t e c t i o n . 

5. O t her h y p o t h e s e s . 

W h i l e i n f o r m a t i o n on t h e c h a r a c t e r i s t i c s o f t h e s t o r m and t h e 

t r u e s t a t e o f t h e Works b e f o r e and a f t e r t h e s t o r m i s n o t 

a v a i l a b l e , i n o u r judgement i t i s i m p o s s i b l e t o a s c e r t a i n t h e 

c a u s e ( s ) o f t h e a c c i d e n t . 

I n r e g a r d t o t h e h y p o t h e s e s p r e s e n t e d above, and k e e p i n g i n m i n d 

a l l t h a t has been r e v e a l e d , we b e l i e v e t h e r e was no e r r o r - much 

l e s s any e r r o r q u a l i f i a b l e as g r o s s - i n t h e p r e p a r a t i o n o f t h e 

i n i t i a l p r o j e c t o r i n t h e i n t r o d u c t i o n o f changes and 

(1) 
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a d a p t a t i o n s w h i c h were made a f t e r w a r d s . The p r o j e c t was 

p r e p a r e d on t h e b a s i s o f and i n a c c o r d a n c e w i t h t h e i n f o r m a t i o n 

a v a i l a b l e a t t h a t t i m e , and on t h e b a s i s o f d a t a i n e x i s t e n c e , 

and l a t e r changes were i n t r o d u c e d when i n d i c a t e d t o be a d v i s a b l e 

by t h e l a b o r a t o r y t e s t s . 

(3) I n r e g a r d t o e v e n t u a l e r r o r s i n c o n s t r u c t i o n , t h e y c o u l d o n l y be 

a s c e r t a i n e d a f t e r d e t a i l s o f t h e s t a t e o f t h e w orks b e f o r e and 

a f t e r t h e a c c i d e n t become known. 

(4) C a r e f u l i n s p e c t i o n o f t h e Works i n t h e zone where t h e s u p e r 

s t r u c t u r e h e l d up i s o f p a r t i c u l a r i n t e r e s t as i t c o u l d e v e n t 

u a l l y r e v e a l t h e d e f i c i e n c i e s i n c o n s t r u c t i o n w h i c h a r e d i f f i 

c u l t t o d e t e c t i n t h e damaged zones. 

(5) The d e t a i l s o f t h e c h a r a c t e r i s t i c s o f t h e s t o r m so f a r o b t a i n e d , 

a r e o f a n a t u r e c o n d u c i v e t o t h e b e l i e f t h a t d e s p i t e i t s 

e x c e p t i o n a l d u r a t i o n t h e Works were n o t s u b j e c t e d t o seas w i t h 

waves g r e a t e r t h a n a l l o w e d f o r i n t h e p r o j e c t . 

(6) For t h e above r e a s o n s , i t i s d i f f i c u l t and p r e m a t u r e t o p i n p o i n t 

t h e causes o f t h e a c c i d e n t . The e x p l a n a t i o n m i g h t be f o u n d i n a 

c o m b i n a t i o n o f some o f t h e h y p o t h e s e s enumerated i n t h e 

q u e s t i o n . 

(7) On t h e b a s i s o f a v a i l a b l e i n f o r m a t i o n , and w i t h o u t seeming t o 

f a v o u r any o f t h e h y p o t h e s e s m e n t i o n e d , we t a k e i t upon o u r 

s e l v e s n e v e r t h e l e s s t o p o i n t o u t t h e d e f i c i e n t p l a c i n g o f t h e 

d o l o s i n some zones, p e r h a p s r e s u l t i n g f r o m t h e use o f f l o a t i n g 

e q u i p m e n t i n l i m i t i n g c o n d i t i o n s o f roughness o f sea. A n o t h e r 

a s p e c t w h i c h m i g h t be f o u n d t o be r e l e v a n t i s t h e s e t t l i n g o f t h e 

c o r e o f t h e b r e a k w a t e r r e s u l t i n g f r o m a c o m b i n a t i o n o f v a r i o u s 

f a c t o r s , namely t h e p r e s e n c e o f f i n e s i n t h e TOT, u n d e r w a t e r 

b r e a k o u t s i n a d j a c e n t zones, e x c e s s i v e l y l a r g e e l e m e n t s i n t h e 

s e c o n d a r y l a y e r s , e t c . T h i s s e t t l i n g , i f i n f a c t i t t o o k p l a c e , 

w o u l d cause d i r e c t l y or I n d i r e c t l y t h e breakdown o f t h e d o l o s 

c o v e r and/or t h e s u p e r s t r u c t u r e o f t h e b r e a k w a t e r . 

(8) I t w o u l d be a d v i s a b l e t o a s c e r t a i n whether t h e e f f e c t s o f t h e 

s e t t l i n g o f t h e b r e a k w a t e r c o r e on t h e d o l o s c o v e r , combined 
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w i t h d e f i c i e n t f i x i n g of the d o l o s , c o u l d have been the root 

cause of the p r o c e s s of d e s t r u c t i o n . 

I n a d d i t i o n to the hypotheses p r e s e n t e d i n the q u e s t i o n , we 

suggest the presence of e x c e s s i v e l y l a r g e r ubble i n the 

secondary l a y e r s and empty spaces having been l e f t i n some zones 

between the f a c i n g of the breakwater and the l a y e r s of d o l o s and 

r u b b l e , thus exposing the TOT as can be observed i n the appended 

photograph (Appendix 21). 
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Q u e s t i o n 8 Assuming t h a t i t i s not p o s s i b l e to d e f i n e the c a u s e s of the 

a c c i d e n t i n time to p l a n the r e c o n s t r u c t i o n works f o r completion 

b e f o r e next w i n t e r , what temporary works a r e r e q u i r e d to be 

undertaken a t once to p r o t e c t e x i s t i n g s t r u c t u r e s ? 

(1) I n a c c o r d a n c e w i t h t h e o p i n i o n r e c e n t l y e x p r e s s e d t o t h e I n s p e c 

t i o n E n g i n e e r a t t h e Works, i t i s a m a t t e r o f u r g e n t p r i o r i t y t o 

p r o t e c t a l l zones a f f e c t e d f r o m t h e r o o t o f t h e mole t o B e r t h 2 

i n c l u s i v e , as t h i s B e r t h i s n e c e s s a r y f o r s u p p l y i n g t h e 

r e f i n e r y . 

(2) Beyond B e r t h 2 a l s o t h e mole does n o t appear t o be i n a c o n d i t i o n 

t o s u r v i v e a n o r m a l w i n t e r , b u t i t i s f e a r e d t h a t t h e s h o r t 

f a v o u r a b l e p e r i o d f o r r e p a i r s w h i c h a r e now b e g i n n i n g c a n n o t be 

u t i l i z e d f o r l a c k o f adequate equipment. 

(3) I n t h e s e c o n d i t i o n s , i t i s i m p e r a t i v e t o c o n s t r u c t d o l o s o f 40 

t o n n e s a t an a c c e l e r a t e d r a t e t o e n s u r e t h e p o s s i b i l i t y o f t h e i r 

p l a c i n g w i t h adequate e q u i p m e n t and i n good t i m e . 

(4) To e n s u r e t h e p r o p e r p l a c i n g o f d o l o s , i t i s recommended t h a t t h e 

C o n t r a c t o r a s c e r t a i n s w h e t h e r t h i s summer t h e r e c o u l d be b r o u g h t 

t o S i n e s f i x e d p l a t f o r m s such as a r e used i n v a r i o u s p l a c e s f o r 

o i l p r o s p e c t i n g , 

(5) The f i n a l s o l u t i o n s f o r r e p a i r i n g each o f t h e damaged p o r t i o n s 

o f t h e mole can be f o r m u l a t e d o n l y a f t e r t h e s u r v e y r e s u l t s , t h e 

r e s u l t s o f i n s p e c t i o n by d i v e r s , e t c , a r e known. 

(6) The r e c o n s t r u c t i o n w orks must be p r o p e r l y s u p p o r t e d by l a b o r a 

t o r y t e s t s o r by t e s t s c a r r i e d o u t by t e c h n i c i a n s o f GAS and o f 

t h e P l a n n i n g C o n s o r t i u m , so t h a t w h i l e t h e Works a r e i n p r o g r e s s 

measures recommended on t h e b a s i s o f d i r e c t i n s p e c t i o n can be 

u n d e r t a k e n w i t h o u t d e l a y . 
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LIST OF ATTACHMENTS TO THE ORIGINAL REPLY " 

1 - DESIGN OF BREAKWATER AT SINES HARBOUR by J.D. Mettam, 

p r e s e n t e d to the "15th C o a s t a l E n g i n e e r i n g 

C o n f e r e n c e , " i n Honolulu i n 1976. 

The c r i t e r i a f o r determining p r o j e c t waves and the 

e v o l u t i o n undergone by the br e a k w a t e r ' s c r o s s -

s e c t i o n . C o n t a i n s some c o n s i d e r a t i o n s on the i n t e r n a l 

t e n s i o n s i n the c o n c r e t e of d o l o s , and a comparison 

w i t h the t e n s i o n s e s t a b l i s h e d i n 2 0 - t d o l o s . 

2 - LETTER 534 OF 5-7-74, FROM BCL TO GAS 

D e s c r i b e s the main changes i n t r o d u c e d up to t h a t d a t e 

i n the p r o j e c t . Mentions v a r i o u s i n t e r m e d i a t e phases 

of the p r o j e c t , the main d e f i c i e n c i e s d e t e c t e d i n the 

t e s t s , and the measures taken to improve the p r o f i l e . 

3 - LETTER 196 OF 31-8-73 FROM BCL TO GAS, AND REPORT ON 

THE DIMENSIONS OF DOLOS TO BE USED IN THE MAIN BREAK

WATER, ATTACHED. 

C o n t a i n s an a n a l y s i s of the c r i t e r i a which undermine 

the p r o j e c t waves and the dolos weight. A l s o 

c o n s i d e r s the r i s i n g c o s t of la b o r and r e p e r c u s s i o n 

on e v e n t u a l damages of the dolos c o v e r . 

4 - LETTER 4969 OF 7-9-73 FROM GAS TO BCL 

Communicates the d e c i s i o n to change the weight of the 

do l o s from 30 - t dolos to 40 - t . 

5 - LETTER OF 24-9-74 FROM J.A. ZWAMBORN TO GAS 

C o n t a i n s an a f f i r m a t i o n of agreement t o the p r o j e c t 

s o l u t i o n and c a l l s a t t e n t i o n to the inadequate q u a l i t y 

c o n t r o l of the works. R e f e r s to the importance of the 

q u a l i t y of c o n c r e t e i n dolos and i t s p l a c i n g i n works 

6 - NOTE ON THE CONTINUATION OF REDUCED MODEL TESTS, DATED 

18-2-74, FROM BCL TO GAS 

R e f e r s to the c r i t e r i a f o r de t e r m i n i n g the p r o j e c t 

wave and r e q u e s t s t h a t LNEC i n t r o d u c e the c o r r e c t i o n s 

to the p r o f i l e which are seen to be n e c e s s a r y to meet 

those c r i t e r i a . A l s o o f f e r s a s u g g e s t i o n on the 

sequence o f f u t u r e t e s t s . 

7 - F I V E NOTES FROM BCL TO GAS ON THE PROGRAMME OF MODEL 

TESTS, SENT BETWEEN MARCH '72 AND JULY '73. 

* These a t t a c h m e n t s a r e i n t h e f i l e s o f t h e F o r t S i n e s I n v e s t i g a t i n g 

P a n e l 
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D e s c r i b e s t h e p r o j e c t waves and t h e i r d e t e r m i n i n g 

c r i t e r i a , and su g g e s t s u c c e s s i v e l y v a r i e d programmes 

f o r t h e d i f f e r e n t t y p e s of l a b o r a t o r y t e s t s . 

8 - LETTER 283 OF 8-11-73 FROM BCL TO GRS 

Re q u e s t i n g t h a t i r r e g u l a r wave t e s t s s h o u l d be 

conducted w i t h p r o g r e s s i v e l y h i g h e r s i g n i f i c a n t v/aves 

up to d e s t r u c t i o n . 

9 - LETTER 471 OF 4-4-74 FROM BCL TO GRS 

C a l l i n g a t t e n t i o n t o d i f f e r e n c e s d e t e c t e d betv/een the 

p r o j e c t and the e x e c u t i o n of the p r o t e c t i o n c o v e r s and 

t o t h e need f o r drav/ings d e f i n i n g the works a c t u a l l y 

e xecuted. A t t e n t i o n a l s o c a l l e d to the f r a g i l e q u a l i t y 

and d e f i c i e n t c o n t r o l of the TOT. 

10 - LETTER 530 OF 2-7-74 FROM BCL TO GAS 

E x p r e s s i n g doubts about the q u a l i t y of m a t e r i a l s p l a c e d 

and workmanship of t h e works p a r t i c u l a r l y t h e q u a l i t y 

of TOT, dimensions of secondary stone-work, c u r i n g of 

c o n c r e t e i n do l o s , and method of p l a c i n g v a r i o u s types 

of b l o c k s . Makes recommendations on the o r g a n i z a t i o n 

of t h e i n s p e c t i o n f u n c t i o n . ( T h i s document i s i n c l u d e d 

i n t h i s Appendix and a response from Condotte d'Acqua 

i s i n c l u d e d i n Appendix L . ) 

11 - LETTER 796 OF 8-7-75 FROM BCL TO GAS 

Recommending a d d i t i o n a l f i e l d s t u d i e s and o b s e r v a t i o n s . 

12 - LETTER FROM J.D. METTAM TO GAS OF 23-12-76 

Commenting on t h e v i s u a l o b s e r v a t i o n o f 3 t o 4% of 

dolos which have s p l i t i n p l a c e on the breakwater. 

13 - LETTER FROM J.D. METTAM TO GAS OF 4-3-77 

Commenting on v i s u a l o b s e r v a t i o n s made on t h e break

water and e n c l o s i n g annotated photographs of the upper 

c o v e r i n g w i t h p a r t i c u l a r emphasis on the p o s i t i o n i n g of 

t h e dolos. 

14 - LETTER 466 OF 1-4-74 FROM BCL TO GAS ON PROPOSAL OF 

TECHNICAL ASISTANCE TO THE INSPECTION OFFICE 

S t a t i n g t h a t t h e t e c h n i c a l team proposed f o r a s s i s t a n c e 

t o t h e i n s p e c t i o n o f f i c e of the works would probably 

n o t be adequate. The p r o p o s a l d e s c r i b e s t h e a s s i s t n c e 

recommended i n accordance w i t h t he g u i d e l i n e s r e c e i v e d 

from GAS and i n d i c a t e s the t e c h n i c a l team which s h o u l d 

be c o n s t i t u t e d . A t t a c h e d are the minutes of the meeting 
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i n v/hich t h i s matter was d i s c u s s e d w i t h GAS, i n c l u d i n g 

t h e f a c t t h a t BCL c o n s i d e r s t h a t the t e c h n i c a l team 

s h o u l d c o n s i s t of 10 BCL t e c h n i c i a n s appointed t o the 

s i t e , and not j u s t the two proposed. 

15 - LETTER 690 OF 28-2-75 FROM BCL TO GAS 

Summarizing the e v o l u t i o n of the matter of " T e c h n i c a l 

A s s i s t a n c e t o the I n s p e c t i o n O f f i c e . " 

16 - TABLE INDICATING THE ZONES IN WHICH DOLOS ARE USED 

T h i s c h a r t c o n t a i n s mention of 56- t dolos to be used for 

t h e p r o t e c t i o n of a N u c l e a r S t a t i o n ( i n course of 

p r o j e c t i o n ) , b e s i d e s a resume of works a l r e a d y 

completed. 

17 - LETTER 557 FROM BCL TO GAS OF 14-8-74 

S u g g e s t i n g t e s t s w i t h dolos t o check t h e i r c a p a c i t y of 

r e s i s t a n c e and o f f e r i n g c o l l a b o r a t i o n i n the p r e p a r a t i o n 

of a t e s t programme. 

18 - TECHNICAL NOTE REGARDING THE PLACING OF DOLOS OF 14-8-74 

I n r e f e r e n c e to some norms/standards and c o n s t r u c t i v e 

recommendations f o r p l a c i n g d o l o s , p a r t i c u l a r l y i n 

r e g a r d t o the p o s i t i o n of each d o l o s , t he use of 

f l o a t i n g c r a n e s , t he c o n s t r u c t i o n of secondary l a y e r s 

and the use of models. 

19 - TECHNICAL NOTE FROM BCL ON PROPOSALS (PAGES 12 TO 15) OF 

25-5-73 

C o n t a i n s an a n a l y s i s of c o n s t r u c t i o n p r o c e d u r e s proposed 

by the v a r i o u s c o m p e t i t o r s , i n c l u d i n g s tatements on the 

p l a c i n g of dolos and the r i s k s of t h e i r s p l i t t i n g owing 

t o the use of f l o a t i n g c r a n e s . 

20 - LETTER 157 OF 19-7-73 FROM BCL TO GAS AND ATTACHMENT 

Commenting on Condotte's o b l i g a t i o n t o guarantee the 

p o s s i b i l i t y of p l a c i n g a l l the dolos from the capping of 

th e breakwater. 

21 - PHOTOGRAPH TAKEN FEBRUARY 1978 

Showing the s e p a r a t i o n between t he c o n c r e t e f a c e of the 

wave w a l l and the l a y e r s of 3 t o 6-t r o c k s and dolos. 

I t e s t a b l i s h e s t h e f a c t t h a t t he TOT elements a r e not 

cov e r e d by the 3 t o 6-t r o c k s nor by the d o l o s . 
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APPENDIX A ( c o n t i n u e d ) : A t t a c h m e n t 10 

BERTLIN . CONSULMAR . LUSOTECNA 

L e t t e r t o 

The D i r e c t o r o f 

The G a b i n e t e da Area de S i n e s 

R. A r t i l h a r i a Um, No. 33 

LISBON 

Our r e f . 

12.20.0 D a t e : 2 n d J u l y 1974 L e t t e r 000530 

Re: E x e c u t i o n o f M a r i n e Works 

Dear S i r , 

S i n c e y o u i n v i t e d us t o come t o S i n e s t o a t t e n d a m e e t i n g t o d i s c u s s t h e 

p r o b l e m s e x p e r i e n c e d by t h e f i s h e r m e n as a r e s u l t o f t h e work i n p r o g r e s s , 

we t o o k t h e o p p o r t u n i t y t o v i s i t t h e s i t e p l a n n e d by t h e Group. 

I n t h e c o u r s e o f t h i s v i s i t , a l t h o u g h we had n e i t h e r t h e equipment n o r t h e 

t i m e t o t a k e measurements, we f o u n d t h a t t h e work i s n o t b e i n g c a r r i e d o u t 

i n a c c o r d a n c e v j i t h t h e p r o v i s i o n s o f t h e C o n t r a c t . 

A l t h o u g h we a r e n o t r e s p o n s i b l e f o r t h e way i n w h i c h t h e wo r k i s e x e c u t e d , 

we w o u l d l i k e t o draw t o y o u r a t t e n t i o n c e r t a i n a s p e c t s o f t h e c o n s t r u c t i o n 

w h i c h may a f f e c t t h e f u t u r e p e r f o r m a n c e o f t h e wo r k s . 

P l a c i n g o f TOT i n t h e c o r e o f t h e West B r e a k w a t e r 

The s p e c i f i c a t i o n s t a t e s (page 266) t h a t t h e r o c k t o be u s e d i n t h e b r e a k 

w a t e r may n o t c o n t a i n more t h a n 5% o f m a t e r i a l w e i g h i n g l e s s t h a n 1kg. 

D u r i n g t h e v i s i t , t h e TOT i n t h e c o r e was f o u n d t o c o n t a i n f i n e s i n an 

amount e x c e e d i n g t h a t s p e c i f i e d . F i n e s l o c a t e d i n s i d e t h e b r e a k w a t e r w i l l 

e v e n t u a l l y be swept away by t h e waves, sooner o r l a t e r , t h r o u g h t h e 

i n t e r s t i c e s i n t h e r o c k w h i c h w i l l r e s u l t i n v o i d s b e i n g c r e a t e d w i t h i n t h e 

body o f t h e b r e a k w a t e r and, c o n s e q u e n t l y , t o a s e t t l i n g o f t h e s u p e r s t r u c 

t u r e and t h e p r o t e c t i v e armour l a y e r s . When t h i s happens, t h e b r e a k w a t e r 

i s l i a b l e t o be damaged i n s t o r m y w e a t h e r . R e p a i r s t o t h e b r e a k w a t e r t o 

a v o i d t h i s r i s k w o u l d e n t a i l r e b u i l d i n g t h e l a y e r s o f r o c k b e n e a t h t h e 

d o l o s w h i c h w i l l be e x t r e m e l y e x p e n s i v e . 

One o f t h e p r e c a u t i o n s w h i c h s h o u l d be t a k e n t o a v o i d t h e p r e s e n c e o f 

e x c e s s i v e f i n e s i n v o l v e s r e m o v i n g o v e r b u r d e n b e f o r e q u a r r y i n g . T h i s has 

n o t a l w a y s been checked as we d i s c o v e r e d i n t h e c o u r s e o f our v i s i t . 
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Secondary armour l a y e r s I n t h e VJest B r e a k w a t e r 

The t h i c k n e s s e s o f t h e armour l a y e r s I n t h e West B r e a k w a t e r , whose f u n c t i o n 

I s t o p r e v e n t t h e passage o f a d j a c e n t m a t e r i a l s , were s e l e c t e d i n 

a c c o r d a n c e w i t h t h e s i z e s o f t h e i r c o n s t i t u e n t e l e m e n t s (page 266 o f t h e 

S p e c i f i c a t i o n ) . We d i s c o v e r e d t h a t i n t h e s e c o n d a r y l a y e r s t h e r e was an 

a p p r e c i a b l e q u a n t i t y o f i n o r d i n a t e l y l a r g e b o u l d e r s a l m o s t t h e t h i c k n e s s o f 

t h e l a y e r , w h i c h , by l e a v i n g l a r g e gaps between b o u l d e r s , p r e j u d i c e t h e 

f u n c t i o n o f t h e l a y e r . 

F o r t h i s r e a s o n , we f e e l i t i s v i t a l f o r t h e F i s c a l i s a t i o n c o n s t a n t l y t o 

c h e c k t h e maximum and minimum b o u l d e r s i z e s f o r use i n s e c o n d a r y armour 

l a y e r s . 

Grooves i n t h e c e n t r a l stem o f d o l o s u n i t s 

D o l o s i n t h e y a r d and t h o s e a l r e a d y p l a c e d have groov e s i n t h e m i d d l e o f 

t h e c e n t r a l stem. Some o f t h e s e g r o o v e s have e x t r e m e l y s h a r p a n g l e s where 

a c o n c e n t r a t i o n o f s t r e s s e s may l e a d t o b r e a k a g e o f t h e d o l o s when t h e s e 

a r e e x p o s e d t o wave i m p a c t . 

We f e e l t h a t i m m e d i a t e s t e p s s h o u l d be t a k e n t o a v o i d t h e s e g r o o v e s . 

C u r i n g o f t h e c o n c r e t e u s e d f o r d o l o s u n i t s 

The s t r e n g t h o f t h e d o l o s depends upon t h e c o n d i t i o n s u n d e r w h i c h t h e 

c o n c r e t e was c u r e d , hence t h e r e f e r e n c e on page 287 o f t h e s p e c i f i c a t i o n 

7.3.7 t o t h e c a r e w h i c h s h o u l d be e x e r c i s e d i n c u r i n g . 

The c r a c k s w h i c h we n o t e d on t h e s u r f a c e o f c e r t a i n d o l o s prompt us t o 

b e l i e v e t h a t t h e p r o v i s i o n s g i v e n i n t h e S p e c i f i c a t i o n as t o such c a r e has 

n o t a l w a y s been heeded. 

D o l o s i d e n t i f i c a t i o n 

The d o l o s w h i c h we examined b o r e no m a r k i n g s as t o t h e d a t e s o f c o n c r e t i n g . 

I t i s s t a t e d i n t h e S p e c i f i c a t i o n (page 303) t h a t a l l u n i t s s h o u l d be 

marked v ; i t h a r e f e r e n c e number p l u s t h e d a t e o f m a n u f a c t u r e so t h a t i n t h e 

e v e n t o f t h e c o n c r e t e cube t e s t s i n d i c a t i n g t h e need f o r r e j e c t i o n , t h e 

o f f e n d i n g u n i t s c o u l d be i d e n t i f i e d . 
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P l a c i n g o f d o l o s and q u a r r y s t o n e on s i t e 

The d o l o s p r o v i d e an i n t e r l o c k i n g s t r u c t u r e w h i c h c o n t r i b u t e s g r e a t l y 

t o w a r d s t h e s t a b i l i t y o f t h e c o v e r i n g and w h i c h i s v e r y d i f f i c u l t t o o b t a i n 

i n components o f o t h e r shapes. To ensure t h a t t h e y are i n t e r l o c k i n g , 

e s p e c i a l c a r e has t o be t a k e n i n a s s e m b l i n g them on s i t e as a r e s u l t - o f 

w h i c h t h e S p e c i f i c a t i o n s t i p u l a t e s ( e n d o f page 268) t h a t b o t h t h e p r i m a r y 

l a y e r a n d t h e s e c o n d a r y armour l a y e r s h o u l d be made t o t h e c o m p l e t e 

t h i c k n e s s f r o m t o p t o b o t t o m . 

T e s t s p e r f o r m e d a t LNEC have c o n f i r m e d t h a t t h e p e r f o r m a n c e o f d o l o s l a y e r s 

p l a c e d as a c o m p l e t e t h i c k n e s s was b e t t e r t h a n t h a t o f d o l o s l a y e r s i n two 

s u p e r i m p o s e d l a y e r s . C o n s e q u e n t l y , n e i t h e r t h e r o c k s n o r t h e d o l o s i n t h e 

same c o u r s e s h o u l d be p l a c e d i n s t a c k e d l i n e s w i t h o u t a p r o g r e s s i o n f r o m 

t h e b o t t o m t o t h e t o p o f t h e c o u r s e and t h r o u g h o u t i t s e n t i r e t h i c k n e s s . 

We f o u n d t h a t , on s i t e , a l i n e o f d o l o s was b e i n g p o s i t i o n e d and on t o p o f 

i t a second l i n e . 

The s p e c i f i c a t i o n g i v e s t h e r e q u i r e d number o f d o l o s p e r u n i t s u r f a c e a r e a 

(page 416) and makes i t i n cumbent on t h e c o n t r a c t o r t o t e s t , w i t h t h e a i d 

o f models, t h e methods o f p l a c i n g (page 3 1 9 ) . I t f u r t h e r s t a t e s t h a t 60% 

o f t h e d o l o s s h o u l d be p l a c e d w i t h t h e v e r t i c a l l e g t u r n e d t o w a r d s t h e 

o u t s i d e o f t h e s l o p e . I n so f a r as we were a b l e t o t e l l , t h e s e p r o v i s i o n s 

have n o t been r e s p e c t e d . 

The p l a c i n g o f d o l o s and q u a r r y s t o n e on s i t e i s an o p e r a t i o n v j h i c h has t o 

be c a r e f u l l y f o l l o w e d by t h e F i s c a l i s a t i o n , s i n c e t h e b e h a v i o u r o f t h e 

b r e a k w a t e r u n d e r s t o r m c o n d i t i o n s w i l l depend on t h i s o p e r a t i o n . 

B r e a k w a t e r f o r t h e C o n s t r u c t i o n Harbour 

We f o u n d , as i n t h e West B r e a k w a t e r , t h a t t h e s p e c i f i c a t i o n s t o TOT (page 

266) were n o t b e i n g r e s p e c t e d i n r e g a r d t o t h e b r e a k w a t e r f o r C o n s t r u c t i o n 

H a r b o u r . P r e c a u t i o n s must be t a k e n t o a v o i d an excess o f f i n e s i n t h e TOT 

and t o e n s u r e r e m o v a l o f e a r t h p l a c e d on t h e b r e a k w a t e r t o f a c i l i t a t e 

movement o f e q u i p m e n t . 

I t was f u r t h e r d i s c o v e r e d t h a t t h e r o c k l a y e r s had n o t been p o s i t i o n e d w i t h 

t h e a c c u r a c y n e c e s s a r y f o r e n s u r i n g p e r f e c t p e r f o r m a n c e o f t h e b r e a k w a t e r . 

I t w o u l d be as w e l l t o check s y s t e m a t i c a l l y t h e s i z e s o f t h e e l e m e n t s and 

t h i c k n e s s e s and p o s i t i o n s o f t h e r o c k l a y e r s . 
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B l o c k s f o r the c o n s t r u c t i o n harbour quay 

I t was d i s c o v e r e d t h a t i n some of the b l o c k s a l r e a d y completed, p i p e s 

connected t o the u n d e r s i d e had been i n c l u d e d t o f a c i l i t a t e f i t t i n g of 

hanging s t r a p s . These p i p e s break up the c o n t i n u i t y of the u n d e r s i d e of 

t h e b l o c k , t h u s r e d u c i n g i t s s e c t i o n of r e s i s t e n c e and, hence, i t s c a p a c i t y 

t o w i t h s t a n d f l e x u r a l f o r c e s . I f the p i p e s had been f i t t e d h a l f way up the 

b l o c k s , c l o s e t o i t s n e u t r a l f i b r e , not only would t h e r e have been no l o s s 

of s t r e n g t h but a l s o an improvement i n the s t a t e of e q u i l i b r i u m d u r i n g 

t r a n s p o r t a t i o n and p l a c i n g . 

Recommendations 

Concerned about the short-comings of the vrork under r e f e r e n c e and f e a r i n g 

t h a t o t h e r s may have escaped our n o t i c e d u r i n g the v i s i t t o the works, we 

s h o u l d l i k e t o draw your a t t e n t i o n t o the g r a v i t y of the s i t u a t i o n and t o 

recommend the o r g a n i z a t i o n of l o c a l s u p e r v i s i o n backed up by p e r s o n n e l and 

equipment whose f u n c t i o n i t would be t o ensure c o n s t a n t compliance w i t h the 

p r o v i s i o n s of the p r o j e c t and of the S p e c i f i c a t i o n . 

We would emphasize t h a t , i n view of the f a c t t h a t v i r t u a l l y the e n t i r e 

s t r u c t u r e w i l l be belov; water, t he m a t e r i a l s and elements of which t h e 

s t r u c t u r e i s made, i t w i l l be extremely d i f f i c u l t l a t e r on, i n the event of 

an a c c i d e n t , t o e s t a b l i s h t h e s t a n d a r d and a c c u r a c y of p l a c i n g of t h e s e 

m a t e r i a l s and elements. F o r t h i s r e a s o n , t h e r e has t o be e x t r e m e l y 

c a r e f u l , u n i n t e r r u p t e d s u p e r v i s i o n , r i g h t from the s t a r t of the work. 

Yours f a i t h f u l l y , 

F o r the Group, 

(Signed) 

F. Vasco C o s t a 
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APPENDIX B 

O f f i c i a l R e p l i e s of S o c i e t a I t a l i a n a per Condotte d'Acqua t o 

I n q u i r y of Portuguese I n v e s t i g a t i o n Committee 
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( T h i s i s an o f f i c i a l r e s p o n s e t o t h e d e s i g n e r ' s c o n c e r n s e x p r e s s e d a t 

ASCE C o a s t a l S t r u c t u r e C o n f e r e n c e March 1979 abou t d e f i c i e n c i e s i n 

i n s t r u c t i o n s . P r e s e n t e d t o t h e O f f i c i a l I n v e s t i g a t i o n Conunittee by 

C o n d o t t e d'Acqua.[See Mettam, 1 9 7 9 ] ) 

1. INCOMPLETE PARAPET WALL 

As we have a l r e a d y had t h e o p p o r t u n i t y t o m e n t i o n , t h e C o n s u l t a n t s 

c l a s s i f i e d as "a knovm d e f i c i e n c y " t h e c i r c u m s t a n c e t h a t t h e p a r a p e t w a l l 

i s i n c o m p l e t e , t h e f a c t b e i n g known t h a t t h e s t o r m h i t t h e b r e a k w a t e r when 

i t was s t i l l u n d er c o n s t r u c t i o n . 

The works p r o c e e d e d i n acco r d a n c e w i t h t h e c o n s t r u c t i o n phases (see 

C o n s t r u c t i v e P r o c e s s i n t h e annex t o o u r l e t t e r No. 307/78 o f A p r i l 15, 

1978) s e t f o r t h and a p p r o v e d by t h e I n s p e c t o r a t e o f t h e Sines Area Bureau 

and a c c o r d i n g t o t h e Program o f Works a l s o a p p r o v e d by t h e I n s p e c t o r a t e ; 

t h e r e f o r e , t h e s i t u a t i o n a t t h e t i m e o f t h e s t o r m was t h e f o l l o w i n g : 

- t h e p a r a p e t w a l l was i n c o m p l e t e f r o m t h e 1656 d i s t a n c e o f o r i g i n up t o 

t h e head (see annex 1 ) . 

On t h e o t h e r hand, t h e C o n s u l t a n t s do n o t I n d i c a t e how such pseudo "known 

d e f i c i e n c y " c o u l d c o n s t i t u t e a "cause" o f t h e a c c i d e n t w h i c h o c c u r r e d i n 

t h e b r e a k w a t e r , when i t i s u n d e n i a b l e t h a t t h a t p a r t o f t h e w o r k s , even 

t h o u g h i n c o m p l e t e , s u f f e r e d much l e s s damage t h a n o t h e r zones t o t a l l y 

c o m p l e t e d . 

2. UNFINISHED DOLOSSE ARMOR UNIT ALONGSIDE THE PARAPET WALL 

A l s o i n t h i s c a s e, t h e c i r c u m s t a n c e t h a t t h e work was n o t c o m p l e t e i s 

c l a s s i f i e d as a "known" d e f i c i e n c y . 

As can be v e r i f i e d t h r o u g h t h e c o n s t r u c t i o n phases (see C o n s t r u c t i v e 

P r o c e s s a l r e a d y m e n t i o n e d ) , o n l y a f t e r t h e c o m p l e t i o n o f t h e p a r a p e t w a l l 

f r o m t h e l e v e l +16(ZH) t o t h e l e v e l +19(ZH) was t h e emplacement o f t h e l a s t 

d o l o s s e o f t h e u p p e r p a r t c a r r i e d o u t . 
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I n t h e O c c u r r e n c e P r o c e e d i n g s w r i t t e n by t h e Sin e s Area Bureau on March 18, 

1978, t h e s i t u a t i o n o f t h e d o l o s s e armor u n i t a t t h e t i m e o f t h e s t o r m i s 

d e s c r i b e d as f o l l o w s : 

- a t t r u n k 5 1 , 15 d o l o s s e had n o t as y e t been p l a c e d ; 

- f r o m t r u n k 52 t o t r u n k 56, 45 d o l o s s e were m i s s i n g ; 

- a t t r u n k 72, 15 d o l o s s e were m i s s i n g ; 

- f r o m t r u n k 79 t o t r u n k 8 1 , 45 d o l o s s e were m i s s i n g ; 

~ f r o m t r u n k 82 t o t r u n k 83, 28 d o l o s s e were m i s s i n g ; 

- a t t r u n k 84, 15 d o l o s s e were m i s s i n g ; 

- f r o m t r u n k 85 t o t r u n k 87, 26 d o l o s s e were m i s s i n g ; 

- f r o m t r u n k 88 t o t h e head, a p p r o x i m a t e l y 1 d o l o s p e r l i n . mt. was 

m i s s i n g . 

As we a l r e a d y had t h e o p p o r t u n i t y t o m e n t i o n t o t h e S i n e s Area Bureau i n 

t h e Request c o n c e r n i n g t h e O c c u r r e n c e P r o c e e d i n g s s e n t t o t h e G.A.S. w i t h 

o u r l e t t e r No. 406/78 o f June 14, 1978, between t r u n k s 51 and 72 o n l y 34 

d o l o s s e were m i s s i n g , and n o t 75. 

On t h e o t h e r hand, t h e C o n s u l t a n t s do n o t I n d i c a t e how such pseudo "known 

d e f i c i e n c y " c o u l d c o n s t i t u t e one "cause" o f t h e a c c i d e n t v j h i c h o c c u r r e d a t 

t h e b r e a k w a t e r . 

3. SECOND LAYER OMMITED EXPOSING THE 0.25 - 1 TONN. LAYER 

4. VERY LOW SECOND LAYER 

A l s o i n p o i n t 3, t h e f a c t t h a t t h e work was n o t c o m p l e t e d a t t h e t i m e o f 

t h e s t o r m i s , f o r t h e l a s t p a r t , c o n s i d e r e d a " p r o b a b l e d e f i c i e n c y " . 

The s i t u a t i o n o f t h e works a t t h e t i m e o f t h e s t o r m ( a c c o r d i n g t o t h e 

Program and t h e C o n s t r u c t i v e P r o c e s s ) a l s o r e f e r r e d t o i n t h e Occurrence 

P r o c e e d i n g s and c o n f i r m e d by us, was t h e f o l l o w i n g : 

- From t r u n k 100 and up t o t h e head i n c l u s i v e , t h e enrockm e n t o f 3 t o 6 

t o n n . , as a p r o t e c t i o n t o t h e p a r a p e t w a l l , was m i s s i n g . 
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T h i s phase o f t h e work was i n t h e p r o c e s s o f e x e c u t i o n when t h e s t o r m 

o c c u r r e d (see annex 1 ) . 

W i t h r e g a r d t o t h e r e s t o f t h e b r e a k w a t e r , t h e C o n s u l t a n t s i n d i c a t e i n 

p o i n t 3 t h e o m i s s i o n o f t h e second l a y e r as a " p o s s i b l e d e f i c i e n c y " . I n 

p o i n t 4 t h e y s t a t e t h a t i t was p o s s i b l e t h a t a second l a y e r , a t f u l l 

e x t e n s i o n o f t h e b r e a k w a t e r , was p l a c e d a t a v e r y low l e v e l . I n t h e s e two 

o b s e r v a t i o n s - p o i n t 3 and 4 - t h e r e e x i s t s an e v i d e n t c o n t r a d i c t i o n : i n 

p o i n t 4 t h e y s t a t e t h a t t h e 3 t o 6 t o n n . l a y e r e x i s t e d b u t i t was p o s s i b l e 

t h a t i t was p l a c e d a t a l o w e r l e v e l , whereas i n p o i n t 3 t h e y s t a t e t h a t i t 

i s p o s s i b l e and p r o b a b l e t h a t such l a y e r d i d n o t e x i s t , e x p o s i n g t h e 

enrockm e n t o f 0.25 t o 1 t o n n . I f t h e second o b s e r v a t i o n i s sound ( p o i n t 

4 ) , t h e 3 t o 6 t o n n . l a y e r e x i s t e d and w o u l d r e p l a c e t h e enrockment o f 0.25 

t o 1 t o n n . w h i c h o b v i o u s l y c o u l d n o t s t a y exposed, as s t a t e d i n p o i n t 3. 

I n any o f t h e cases we r e j e c t such p o s s i b l e and p r o b a b l e d e f i c i e n c i e s , 

s i n c e t h e e x e c u t i o n o f t h e v/ork has c o m p l i e d v / i t h t h e p r o j e c t . 

F i n a l l y , i t i s n o t i n d i c a t e d how such p o s s i b l e and p r o b a b l e d e f i c i e n c i e s 

can c o n s t i t u t e "causes" o f t h e a c c i d e n t w h i c h o c c u r r e d a t t h e b r e a k w a t e r . 

5. INCORRECTLY PLACED DOLLOSE 

The C o n s u l t a n t s c o n s i d e r as a "known d e f i c i e n c y " d o l o s s e i n c o r r e c t l y p l a c e d 

up t o a p p r o x i m a t e l y t h e 1650 d i s t a n c e o f o r i g i n , and as a " p r o b a b l e " 

d e f i c i e n c y d o l o s s e p l a c e d f r o m such d i s t a n c e up t o t h e head. 

As we m e n t i o n e d i n t h e i n t r o d u c t o r y p a r t o f t h i s r e p l y , c o n t r a r y t o what 

t h e C o n s u l t a n t s s t a t e , t h e p h o t o g r a p h i c documents d e m o n s t r a t e t h a t t h e 

d o l o s s e a r e w e l l p l a c e d and t h a t t h e y have t h e n e c e s s a r y d e g r e e o f 

i n t e r l o c k i n g . 

As we have a l r e a d y s t a t e d , t h i s i s a l s o t h e o p i n i o n o f t h e t e c h n i c i a n s t o 

whom we showed t h e s e r i e s o f p h o t o g r a p h s t a k e n on November 4, 1977. 

107 



s i n c e , up to t h i s moment, we have not had the o p p o r t u n i t y to submit such 

p hotographic document f o r your c o n s i d e r a t i o n , a l l o w us now to add i t to our 

r e p l y . 

As p r e v i o u s l y s t a t e d , the document i s dated November 4, 1977, p r i o r , 

t h e r e f o r e , t o the i n t e r v e n t i o n f o r the purpose of c o m p l e t i o n requested by 

G.A.S. and c a r r i e d out i n the month of J a n u a r y 1978 between the 828 and 870 

d i s t a n c e s to the o r i g i n (annex 2 ) . 

We would a g a i n r e c a l l t h a t the d o l o s s e were p l a c e d a c c o r d i n g t o the 

i n s t r u c t i o n s r e c e i v e d - i n the p r e s e n c e of the r e p r e s e n t a t i v e of the G.A.S. 

I n s p e c t o r a t e and the C o n s u l t a n t s - of Eng. M e r r l f i e l d and of Eng. Zwamborn, 

d u r i n g t he v i s i t which took p l a c e from November 4 to 12, 1974 to Cape Town, 

Gaan s b a a i , P o r t E l i z a b e t h , E a s t London, Durban, R i c h a r d Bay and to the 

S t e l l e n b o s c h L a b o r a t o r y . 

6. SECOND LAYER WITH EXAGGERATED THICKNESS OR WEIGHT OP BLOCKS 

The C o n s u l t a n t s , i n t h e i r l e t t e r s of J u l y 2, 1974 and A u g u s t 14, 1974, sent 

t o the I n s p e c t o r a t e and t r a n s m i t t e d to us f o r our c o g n i z a n c e , s t r e s s e d , 

among ot h e r t h i n g s t h a t "the t h i c k n e s s of the c o v e r i n g l a y e r s of the west 

breakwater, the f u n c t i o n of which c o n s i s t s i n p r e v e n t i n g t he v a n i s h i n g of 

the u n d e r l y i n g m a t e r i a l s , was chosen i n accordance w i t h tJie dimensions of 

t h e i r c o n s t i t u t i n g elements (page 266 of the S p e c i f i c a t i o n Form). We 

v e r i f i e d t h a t i n the secondary l a y e r s t h e r e had been p l a c e d a s u b s t a n t i a l 

amount of b l o c k s with exaggerated dimensions, near t h e t h i c k n e s s of the 

l a y e r s which, by o r i g i n a t i n g g r e a t spaces among the b l o c k s , compromises the 

f u n c t i o n of the l a y e r . For t h i s r e a s o n , i t i s c o n s i d e r e d i n d i s p e n s a b l e 

t h a t the I n s p e c t o r a t e ensures permanent c o n t r o l of t h e upper and lower 

l i m i t s of the dimensions of the b l o c k s to be a p p l i e d i n the secondary 

c o v e r i n g l a y e r s " . 

Now they d e f i n e as "known d e f i c i e n c i e s " those i n d i c a t e d i n due course i n 

the t r u n k of "enraizamento" ( r o o t i n g ) , and they a r b i t r a r i l y extend the 

p o s s i b i l i t y t h a t those d e f i c i e n c i e s a r e repea t e d i n the e n t i r e breakwater. 
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with r e g a r d to the p a r t c o n c e r n i n g the r o o t i n g , we a l r e a d y had the o c c a s i o n 

of r e p l y i n g to the aforementioned l e t t e r s of the C o n s u l t a n t s i n our l e t t e r 

No. 718/74 of August 27, 1974, i n which we s t a t e d among ot h e r t h i n g s : "At 

t h e time of the C o n s u l t a n t s ' v i s i t , t he p a r t of the breakwater c o n c e r n i n g 

t h e r o o t i n g was under e x e c u t i o n . For t h i s p a r t , some u n c e r t a i n t i e s arose 

about the type of c o v e r i n g to be p l a c e d under the d o l o s s e . As a matter of 

f a c t , drawing 150A i n d i c a t e s the enrockment from 0.5 to 3 tonn., whereas 

drawing 173, from 3 to 6 tonn. T h e r e f o r e , i t i s v e r y p r o b a b l e t h a t the 

C o n s u l t a n t s had seen the emplacement of those with l a r g e r dimensions, s i n c e 

drawing 173 was under e x e c u t i o n " . 

R e g a r d i n g the dimensions and weight of the enrockments t o be p l a c e d , we 

emphasize t h a t i n accordance w i t h the r e q u e s t of G.A.S. i n t h e i r l e t t e r No. 

11/74 of September 16, 1974, i n which i t was asked: 

"1 - B e f o r e September 30, 1974 you must order the p l a c i n g i n t h e 

Quarry, i n the West Breakwater or i n the C o n s t r u c t i o n Harbor of 

s i g n i f i c a n t samples, c o n v e n i e n t l y i d e n t i f i e d and p r o t e c t e d , of 

a l l t he g r a n u l o m e t r i e s of the enrockments which are b e i n g 

u t i l i z e d i n the works, having, f o r the e f f e c t , agreed w i t h our 

o f f i c i a l Mr. Fonseca upon the p r o c e s s of measuring the l i m i t s and 

percentage of each granulometry. 

"2 - The n o n f u l f i l l m e n t of such i n s t r u c t i o n s w i l l compel t h i s 

I n s p e c t o r a t e to order the i n t e r r u p t i o n of the works u n t i l the 

s a i d i n s t r u c t i o n s a r e complied w i t h . " 

Condotte r e p l i e d by l e t t e r No. 822/74 of September 25, 1974, i n the 

f o l l o w i n g terms: "With r e f e r e n c e to your l e t t e r No. 11, although we would 

remind you t h a t the b l o c k s of sample roc k had a l r e a d y been, i n due course, 

p l a c e d i n the q u a r r y and i n the d i k e , as was v e r i f i e d by your g e o l o g i s t , we 

hereby c o n f i r m t h a t we w i l l i s s u e an order t h a t o t h e r b l o c k s be p l a c e d i n 

e v i d e n c e , i n conformity w i t h the manner and i n the zones to be arranged 

w i t h Mr. Fonseca". 
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we h e r e b y d e c l a r e , t h e r e f o r e , t h a t t h e I n s p e c t o r a t e as w e l l as C o n d o t t e 

were w e l l aware o f t h e I m p o r t a n c e c o n f e r r e d by t h e p r o j e c t o r s on t h e 

di m e n s i o n s o f t h e b l o c k s and t h a t , s i n c e t h e b e g i n n i n g o f t h e wo r k s , t h e 

n e c e s s a r y s t e p s were t a k e n f o r i d e n t i f i c a t i o n o f t h e w e i g h t o f b l o c k s , 

f o r t h e i r c l a s s i f i c a t i o n and f o r t h e o r i e n t a t i o n o f t h e p e r s o n n e l i n c h a r g e 

o f them. 

F i n a l l y , c o n c e r n i n g t h e " t h i c k n e s s o f t h e l a y e r " , d e f i n e d as " e x a g g e r a t e d " 

by t h e C o n s u l t a n t s , we c a l l t o mind t h e C o n s t r u c t i v e p r o c e s s a p p r o v e d by 

t h e I n s p e c t o r a t e o f G.A.S. and t h e methods o f c o n t r o l a l w a y s e x e c u t e d i n 

c o n j u c t i o n w i t h G.A.S., w h i c h we have a l r e a d y had t h e o c c a s i o " t o m e n t i o n 

t o y ou i n o u r l e t t e r No. 425/78 o f J u l y 18, 1978, w h i c h we e n c l o s e (annex 

3 ) . 

We s t r e s s t h a t , w h i l e t h e C o n s u l t a n t s a t t r i b u t e t o such l a y e r t h e o n l y 

f u n c t i o n as b e i n g a f i l t e r o f f i n e m a t e r i a l . Eng. M a r r i f i e l d , r e g a r d i n g t h e 

p r i m a r y l a y e r s o f s t o n e under t h e d o l o s s e armor u n i t , t h i n k s t h a t ; 

I t i s a l s o e s s e n t i a l t h a t t h e p r i m a r y l a y e r o f s t o n e be t h i c k 

enough t o a l l o w good and q u i c k d r a i n a g e o f w a t e r t h a t h a s passed 

t h r o u g h t h e armoxir l a y e r . I can see no good p u r p o s e f r o ^ ^ 

d r a i n a g e p o i n t o f v i e w i n n a r r o w i n g t h e p r i m a r y l a y e r o f s t o n e as 

i t r e a c h e s t h e upper s e c t i o n o f t h e wave zone". 

T h e r e i s , hence, a d i f f e r e n t c o n c e p t t o w a r d s t h e e l e m e n t s ° f p r o j e c t 

c o n c e r n i n g t h e p r i m a r y l a y e r : M e r r l f i e l d c o n s i d e r s i t a d r a - i ^ ^ ^ e o f w a t e r 

and n o t a l a y e r o f m a t e r i a l w h i c h p r e v e n t s t h e e x i t o f f i n e r n a t e r i a l o f t h e 

c o r e , a s , i n t u r n , t h e C o n s u l t a n t s c o n s i d e r i t . 

On t h e o t h e r hand, t h e C o n s u l t a n t s do n o t i n d i c a t e how s u c l i pseudo "known 

d e f i c i e n c y " can c o n s t i t u t e a "cause" o f t h e a c c i d e n t w h i c h c o c u r r e d a t t h e 

b r e a k w a t e r . 
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7. LAYER OF 0.25 /1.0 TONN. WITH EXAGGERATED THICKNESS/WEIGHT OF THE BLOCKS 

(PHOTOGRAPHS SHOW THAT THE 0.25 /1.0 TONN. LAYER DOES NOT EXIST) 

The C o n s u l t a n t s s t a t e t h a t t h e 0.25 -1.0 t o n n . l a y e r o f t h e enrockment I s 

e x a g g e r a t e d I n t h i c k n e s s and i n t h e di m e n s i o n s o f t h e e l e m e n t s ( b l o c k s ) ; 

t h i s d e f i c i e n c y i s e v i d e n c e d by p h o t o g r a p h s w h i c h "show t h a t no l a y e r o f 

0.25 -1.0 t o n n . e x i s t s " . 

As t h e p h o t o g r a p h s a t i s s u e a r e n o t i n o u r p o s s e s s i o n , we a r e n o t i n a 

p o s i t i o n t o be a b l e t o comment on them. 

T h a t d e f i c i e n c y , hov/ever, i s i n d i c a t e d i n t h e d r a w i n g as " p o s s i b l e " f o r t h e 

e n t i r e e x t e n s i o n o f t h e b r e a k w a t e r , whereas f o r a l i t t l e t r u n k 

c o r r e s p o n d i n g t o P o s t 2 i t i s c l a s s i f i e d as "known". 

R e g a r d i n g t h e p o i n t a t w h i c h t h e d r a w i n g i n d i c a t e s one "known d e f i c i e n c y " , 

n e i t h e r we n o r G.A.S. have knowledge o f t h e f a c t t h a t a t t h a t p o i n t t h e 

0.25 -1.0 t o n n . enrockment i s m i s s i n g . As t o t h e " p o s s i b l e " d e f i c i e n c i e s , 

we a l s o r e j e c t such s t a t m e n t and d e c l a r e t h a t we a r e r e a d y t o ex e c u t e a l l 

t h e v e r i f i c a t i o n s y o u deem o p p o r t u n e and w h i c h a r e s t i l l p o s s i b l e . 

We have a l r e a d y m e n t i o n e d many t i m e s t h e ways and systems o f c h o i c e o f each 

c l a s s o f enrockment ( v i s u a l c o m p a r i s o n w i t h sample e l e m e n t s p l a c e d i n 

e v i d e n c e a t s e v e r a l p o i n t s i n t h e y a r d ) as w e l l as t h o s e o f emplacement and 

c o n t r o l t h e r e o f ( d e p t h gauges, t o p o g r a p h i c s u r v e y s , e t c . , e x e c u t e d i n 

c o n j u n c t i o n w i t h t h e I n s p e c t o r a t e ) . I t i s l e f t t o us o n l y t o add t h a t a l l 

t h e phases o f work r e s p e c t e d t h e C o n s t r u c t i v e P r o c e s s a p p r o v e d by t h e 

I n s p e c t o r a t e and were e x e c u t e d a c c o r d i n g t o t h e p r o j e c t , and t h a t t h e 

I n s p e c t o r a t e (see exchange o f c o r r e s p o n d e n c e ) was e x t r e m e l y s e n s i t i v e t o 

t h i s p r o b l e m . 

We a l s o r e c a l l t h e d i f f e r e n t i n t e r p r e t a t i o n o f t h e l a y e r s o f enrockment 

u n d e r l y i n g t h e l a y e r o f d o l o s s e g i v e n by t h e C o n s u l t a n t s and by t h e 

i n v e n t o r o f t h e d o l o s s e . Eng. M e r r l f i e l d . 
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The remark w h i c h i s i n t h e d r a w i n g p r o d u c e d by t h e C o n s u l t a n t s - " S e t t l e 

ment o b s e r v e d i n December 77" - i s n o t c l e a r because, i n a d d i t i o n t o n o t 

i n d i c a t i n g t h e v a l u e o f such s e t t l e m e n t , t h e t y p e o f m a t e r i a l c o n c e r n i n g 

t h e s e t t l e m e n t a t i s s u e i s n o t s p e c i f i e d . C o n c e r n i n g t h i s , we can o n l y 

r e c a l l what we have a l r e a d y m e n t i o n e d when a n s w e r i n g q u e s t i o n No. 10/ p o m t 

4, o f t h e q u e s t i o n n a i r e y o u s e n t us on A p r i l 5, 1978. 

On t h e o t h e r hand, t h e C o n s u l t a n t s do n o t i n d i c a t e how such p s e u d o "known 

d e f i c i e n c i e s " and " p o s s i b l e d e f i c i e n c i e s " can c o n s t i t u t e " c a u s e s " o f t h e 

a c c i d e n t w h i c h o c c u r r e d a t t h e b r e a k w a t e r . 

8. SELECTED T.O.T. WITH MANY FINES 

I n t h e l e t t e r o f t h e C o n s u l t a n t s - q u o t e d i n t h e d r a w i n g - d a t e d J u l y 2, 

1974, t h e f o l l o w i n g i s w r i t t e n : 

"Placement o f T.O.T. i n t h e c o r e o f t h e w e s t b r e a k w a t e r 

The S p e c i f i c a t i o n s Form s t i p u l a t e s (page 266 t h a t t h e e n r o c k 

ments t o be u t i l i z e d i n t h e breakv/ater w i l l n o t c o n t a i n mDre t h a n 

5% o f m a t e r i a l s w i t h l e s s t h a n 1 k g . D u r i n g t h e v i s i t t h e 

p r e s e n c e o f f i n e s was o b s e r v e d i n t h e T.O.T. o f t h e c o r e i n ̂  

q u a n t i t y s u p e r i o r t o t h a t w h i c h was i n d i c a t e d . The f i n e 

m a t e r i a l s w h i c h w i l l be p l a c e d i n s i d e t h e b r e a k w a t e r w i l l s o o n e r 

o r l a t e r end up b e i n g c a r r i e d away by t h e w a t e r s , t h r o u g h t h e 

c r e v i c e s o f t h e en r o c k m e n t , w h i c h w i l l o r i g i n a t e v o i d s i n the 

body o f t h e b r e a k w a t e r and, c o n s e q u e n t l y , s e t t l e m e n t s o f t h e 

s u p e r s t r u c t u r e and o f t h e p r o t e c t i o n l a y e r s . Vïhen t h a t h a p p e n s 

t h e b r e a k w a t e r w i l l be s u b j e c t e d t o damages d u r i n g s t o r m s . The 

r e p a i r i n g o f t h e b r e a k w a t e r t o p r e v e n t such a r i s k w i l l i n v o l v e 

t h e r e c o n s t r u c t i o n o f t h e l a y e r s o f enrockment u n d e r t h e d o l o s s e , 

a r e a s o n why i t v / i l l be e x t r e m e l y e x p e n s i v e . 

One o f t h e c a u t i o n s t o be t a k e n i n o r d e r t o p r e v e n t t h e p r e s e n c e 

o f f i n e s i n excess c o n s i s t s o f t h e r e m o v a l o f t h e s o i l w h i c h 

c o v e r s t h e q u a r r y b e f o r e c a r r y i n g o u t t h e work t h e r e i n , w h i o h has 

n o t alv/ays been o b s e r v e d , as we d i s c o v e r e d d u r i n g o u r v i s i t -

On A u g u s t 27, 1974, C o n d o t t e answered as f o l l o w s : 

"Emplacement o f t h e T.O.T. i n t h e c o r e s 

The S p e c i f i c a t i o n s Form s e t s f o r t h t h a t t h e T.O.T., b o t h t h e 
s e l e c t e d and t h e n o r m a l , may c o n t a i n p i e c e s o f r o c k u n d e r 1 ^9 * 
w h i c h do n o t exceed 5% o f t h e w e i g h t . S i n c e , i n t h e b r e a k w a t e r . 
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an a v e r a g e o f 250 d a i l y t r i p s a r e made by 6 0 - t o n dumpers and t h e 

t o t a l amount t r a n s p o r t e d i s 15,000 t o n s , 750 t o n s o f m a t e r i a l 

below 1 k g . c o u l d be t r a n s p o r t e d . S i n c e t h e s p e c i f i c w e i g h t o f 

t h a t m a t e r i a l i s 2.00 tons/m-^, 375 m-^/day o f f i n e m a t e r i a l 

c o u l d be t r a n s p o r t e d . 

As a m a t t e r o f f a c t , dumpers have a c a p a c i t y o f 65 t o n s ; h e nce, 

T.O.T. below 1 kg. s h o u l d be 3.22 t o n s p e r t r i p , c o r r e s p o n d i n g t o 

1.60 c u . m e t e r s o f f i n e . T h i s q u a n t i t y was n e v e r p l a c e d . 

I n a d d i t i o n , a t e s t was c a r r i e d o u t i n t h e p r e s e n c e o f y o u r 

g e o l o g i s t on A u g u s t 2 l a s t , and t h e p e r c e n t a g e o f f i n e m a t e r i a l 

r e a c h e d a b o u t 2/3%, and on August 6 l a s t , w i t h a dumper chosen a t 

random, we u n l o a d e d on l a n d i n t h e p r e s e n c e o f y o u r c o n s u l t a n t s , 

who a d m i t t e d t h a t t h e p e r c e n t a g e was on s i g h t much l e s s t h a n 5%. 

On t h e o t h e r hand, under t h e s u p e r v i s i o n o f t h e Works I n s p e c t o r , 

we t o o k t h e f o l l o w i n g s t e p s i n o r d e r t h a t t h e m a t e r i a l c a r r i e d t o 

t h e b r e a k w a t e r w o u l d be t h e b e s t p o s s i b l e : 

1) e l i m i n a t i o n o f t h e s t e r i l e c o v e r i n g m a t e r i a l 

T h i s e l i m i n a t i o n i s e f f e c t e d under t h e s u r v e i l l a n c e o f t h e 

I n s p e c t o r a t e and i n such a way t h a t , as we a l r e a d y had t h e 

o p p o r t u n i t y t o communicate t o you s e v e r a l t i m e s , a f t e r t h e 

c l e a n i n g access t o t h e h i g h e r p a r t o f t h e q u a r r y i s n o t 

p o s s i b l e most o f t h e t i m e , n o t even w i t h s m a l l d r i l l i n g 

e q u i p m e n t , v/hich even f o r c e s us t o c a r r y o u t e x p l o s i o n s o f 

r e c t i f i c a t i o n t o g i v e room t o a s u r f a c e p a s s a b l e f o r o u r 

means; 

2) r e m o v a l o f n o n s u i t a b l e m a t e r i a l f r o m t h e f r o n t o f t h e q u a r r y 

T h i s m a t e r i a l , w h i c h i s i n t h e c r e v i c e s o f t h e r o c k , i s s e n t 

t o t h e dumping ground. Por example, i n t h e p e r i o d f r o m 

A u g u s t 1 t o August 25 a b o u t 17% o f t h e m a t e r i a l was s e n t t o 

t h e dumping ground; 

3) h i g h c a p a c i t y pumps were p l a c e d on t h e advancement o f t h e 

b r e a k w a t e r and t h e m a t e r i a l was v i g o r o u s l y dampened f o r t h e 

p u r p o s e o f e l i m i n a t i n g t h e f i n e r p a r t ; 

4) by means o f p o i n t s o f r e f e r e n c e p l a c e d on t h e b r e a k w a t e r , 

t h e s e t t l e m e n t s o f t h e v e r y b r e a k w a t e r a re measured. Up t o 

now, i n t h e zone i n i t i a l l y e x e c u t e d t h e s e t t l e m e n t s a r e o f a 

few c e n t i m e t e r s . 

The measurements m e n t i o n e d i n i t e m s 2} and 3) were t a k e n a l t h o u g h 

t h e c o n t r a c t d i d n o t e n v i s a g e t h i s t o be t h e r e s p o n s i b i l i t y o f 

t h e Company. 

Prom t h e a f o r e m e n t i o n e d , we t h i n k t h e m a t e r i a l w h i c h i s t r a n s 

p o r t e d t o t h e b r e a k w a t e r i s f u l l y a c c e p t a b l e . I f , however, t h e 

c o n s u l t a n t s have an o p i n i o n t o t h e c o n t r a r y , o b v i o u s l y t h e 

q u e s t i o n no l o n g e r c oncerns t h e e x p l o r a t i o n o f t h e q u a r r y b u t 
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r a t h e r t h e n a t u r e and c o n d i t i o n s o f t h e m a t e r i a l w h i c h c o n s t i t u t e 

t h e q u a r r y i t s e l f . " 

N e i t h e r t h e C o n s u l t a n t s n o r t h e I n s p e c t o r a t e o f t h e S i n e s Area Bureau made 

a t any t i m e any remark t o t h i s l e t t e r o f o u r s , so t h a t f o r us t h e m a t t e r 

was c l o s e d . 

Up t o December 3 1 , 1977, t h e q u a n t i t i e s o f u n s e r v i c e a b l e m a t e r i a l removed 

and t r a n s p o r t e d t o a dumping g r o u n d had r e a c h e d 5,580,000 c u . m e t e r s i n 

a p p r o x i m a t e l y 7,000,000 c u . m e t e r s o f m a t e r i a l u t i l i z e d f o r t h e w o r k s , t h a t 

i s , 44% o f t h e m a t e r i a l removed f r o m t h e q u a r r y had been d i s c a r d e d . I t 

seems t o us t h a t t h i s f a c t c o n s t i t u t e s an o b v i o u s i n d i c a t i o n o f how 

r i g o r o u s l y t h e I n s p e c t o r a t e made t h e s e l e c t i o n and o f t h e c r i t e r i u m o f t h e 

same s e l e c t i o n , w h i c h C o n d o t t e n e v e r c o n t e s t e d . 

On t h e o t h e r hand, an excess o f f i n e m a t e r i a l w o u l d , as a consequence, have 

h a d i m p o r t a n t s e t t l e m e n t s o f t h e b r e a k w a t e r , s e t t l e m e n t s w h i c h d i d n o t 

o c c u r . 

I n s o f a r as t h e p h o t o g r a p h i c document p r o d u c e d by t h e c o n s u l t a n t s i s con

c e r n e d , a docxHnent r e l a t i n g t o t h e "beach" o f f i n e m a t e r i a l i n t h e zones o f 

t r u n k s 100 - 101 - 102 - 103, a l t h o u g h v/e do n o t have such document, we 

w i s h t o c a l l a t t e n t i o n t o t h e f a c t t h a t t h e f r a c t i o n i z a t i o n o f t h e m a t e r i a l 

a t t h e moment o f p l a c e m e n t r e s p e c t e d what was s e t f o r t h i n t h e p r o j e c t . I n 

t h e m e n t i o n e d zones and a f t e r t h e s t o r m , a c o n s i d e r a b l e and g r a d u a l r e d u c 

t i o n o f t h e g r a n u l o m e t r y o c c u r r e d as w e l l as a roundness o f t h e elements 

due t o e r o s i o n (sample 1 ) , caused e s s e n t i a l l y by t h e dynamic a c t i o n o f t h e 

sea. We e n c l o s e a p h o t o g r a p h t a k e n a b o u t t e n days a f t e r t h e s t o r m and 

w h i c h shows a f r a c t i o n i z a t i o n o f t h e m a t e r i a l v e r y d i f f e r e n t f r o m t h e one 

r e g i s t e r e d some t i m e a f t e r w a r d s ( b e a c h o f f i n e m a t e r i a l ) by t h e C o n s u l t a n t s 

C annex 4 ) . 

L e t us once a g a i n b e a r i n mind t h a t , w i t h t h e a u t h o r i z a t i o n o f t h e I n s p e c 

t o r a t e , a l a y e r o f sand o r t i n y m a t e r i a l v/as s p r e a d o v e r t h e b r e a k w a t e r a t 

l e v e l +5,50 i n o r d e r t o p e r m i t t h e t r a n s i t o f heavy v e h i c l e s w h i c h e f f e c t e d 

t h e t r a n s p o r t a t i o n and u n l o a d i n g o f t h e m a t e r i a l . T h i s l a y e r was removed 

when t h e c o n s t r u c t i o n o f t h e s u p e r s t r u c t u r e was i n i t i a t e d . I f t h e 
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C o n s u l t a n t s , I n t h e i r o b s e r v a t i o n s , m e n t i o n t h i s l a y e r , i t i s o b v i o u s t h a t 

s u c h m a t e r i a l was n o t p a r t o f t h e s e l e c t e d T.O.T., as i t c o n s t i t u t e d o n l y 

an i n d i s p e n s a b l e p r e c a u t i o n t o f a c i l i t a t e t h e t r a n s i t o f heavy v e h i c l e s . 

The s t a t e m e n t a c c o r d i n g t o v;hich t h e r e a r e p h o t o g r a p h s " s h o w i n g h o l e s i n 

e x c e s s " i n t h e s e l e c t e d T.O.T. d u r i n g t h e c o n s t r u c t i o n i s n o t c l e a r , s i n c e 

f o r t h e same m a t e r i a l t h e c o n s u l t a n t s d e c l a r e t h a t t h e r e i s an excess o f 

f i n e m a t e r i a l . I f t h e h o l e s ( v o i d s ) i n t h e s e l e c t e d T.O.T. a r e i n excess, 

t h e r e i s a l a c k o f f i n e m a t e r i a l . I f t h e f i n e m a t e r i a l i s i n e x c e s s , t h e r e 

can be no " h o l e s " . 

The C o n s u l t a n t s do n o t p o i n t o u t how such pseudo "known d e f i c i e n c i e s " and 

" p r o b a b l e d e f i c i e n c i e s " c o u l d c o n s t i t u t e "causes" o f t h e a c c i d e n t w h i c h 

o c c u r r e d a t t h e b r e a k w a t e r . 

9. POSITION OP THE WINTER HEAD IflHICH MAY NOT HAVE BEEN COMPLETELY REMOVED 

S i n c e 1975, a t t h e b e g i n n i n g o f each w i n t e r p e r i o d , a p r o v i s i o n a l 

p r o t e c t i o n o f t h e b r e a k w a t e r was c o n s t r u c t e d w h i c h was t o t>e e l i m i n a t e d 

b e f o r e recommencement o f t h e works i n p e r i o d s f a v o r a b l e t o c o n s t r u c t x o n 

(see v o l . I V a t t a c h e d t o t h e c o n t r a c t ) . 

T h a t p r o t e c t i o n was b u i l t i n t h e w i n t e r o f 1974/75 w i t h t h e use o f 

e n r o c k m e n t , whereas i n 1975/76 and 1976/77, 40 t o n d o l o s s e were a l s o 

u t i l i z e d . 

The r e m o v a l o f t h e p r o t e c t i o n s was e x e c u t e d v / i t h t h e use o f m a r i t i m e and 

l a n d means and w i t h t h e h e l p o f d i v e r s who sometimes, as a g r e e d w i t h t h e 

I n s p e c t o r a t e , r e s o r t e d t o e x p l o s i v e c h a r g e s a p p l i e d on t h e d o l o s s e i n o r d e r 

t o p r e v e n t t h e r e t e n t i o n o f el e m e n t s o f g r e a t d i m e n s i o n s i n t h e c o r e . 

F o l l o w i n g i s t h e number o f d o l o s s e used i n t h e heads d u r i n g t h e y e a r s 

1975/76 and 1976/77 and o f t h o s e w h i c h we r e c u p e r a t e d , as s e t f o r t h i n t h e 

I n s p e c t o r a t e R e p o r t s : 
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P r o v i s i o n a l D i s t a n c e DOLLOSE 

Head from o r i g i n P l a c e d Recuperated Destroyed 

Winter 75/76 1075 193 171 22 

Winter 76/77 1680 172 144 28 

Before recommencing the u n l o a d i n g of the T.O.T. and the emplacement of the 

enrockments, underwater r e c o n n a i s s a n c e by the d i v e r s of G.A.S. and Condotte 

were c a r r i e d out i n order to make sure t h a t the m a t e r i a l p l a c e d f o r 

p r o t e c t i o n had been completely removed. 

Only a f t e r such v e r i f i c a t i o n was the r e i n i t i a t i o n of the T.O.T, placement 

a u t h o r i z e d . 

T h e r e f o r e , the p o s s i b i l i t y acknowledged by the C o n s u l t a n t s t h a t the w i n t e r 

p r o t e c t i o n s had not been "completely removed" i s e x c l u d e d . 

The C o n s u l t a n t s , however, a l s o d i d not i n d i c a t e hov/ such " d e f i c i e n c y " , 

a d m i t t i n g t h a t i t e x i s t e d , c o u l d have o r i g i n a t e d the a c c i d e n t v;hich 

o c c u r r e d , 

10, INCORRECTLY PLACED DOLOSSE 

I n t h i s item, a probable d e f i c i e n c y , a pretended i n c o r r e c t placement of the 

d o l o s s e , i s c o n s i d e r e d . I n a footnote i t i s a f t e r w a r d s added t h a t "the 

p o s i t i o n and placement of the d o l o s s e are i n c o r r e c t , " 

At the same time, however, i t i s s a i d i n these same no t e s t h a t surveys do 

not e x i s t . We would l i k e to know how, without s u r v e y s , the c o n s u l t a n t s can 

e v a l u a t e whether or not the p o s i t i o n of the d o l o s s e i s c o r r e c t . 

With r e g a r d to the sentence: " d o l o s s e p l a c e d by a f l o a t i n g crane", i t i s 

not c l e a r whether the c o n s u l t a n t s c o n s i d e r t h a t to be a d e f i c i e n c y or 

whether they s i m p l y wanted to make a d i s t i n c t i o n between do l o s s e p l a c e d by 

l a n d and those p l a c e d by s e a , 

A c t u a l l y , the systems of d o l o s s e emplacement and the forms s e t f o r t h by the 

C o n s t r u c t i v e P r o c e s s approved by the I n s p e c t o r a t e , as w e l l as the surveys 

116 



p r e v i o u s l y c a r r i e d o u t d u r i n g and a f t e r t h e emplacement, gave t h e g u a r a n t y 

t h a t t h e d o l o s s e l a y e r was b e i n g e x e c u t e d as e n v i s a g e d i n t h e p r o j e c t . 

When d o l o s s e were b r e a k i n g i n t h e co u r s e o f emplacement, t h e y were t a k e n 

away and r e p l a c e d . 

D u r i n g t h e d o l o s s e emplacement f r o m 1974 t o 1978 a l o n e , 186 d o l o s s e o u t o f 

20,113 were b r o k e n and r e p l a c e d , t h a t i s , 0.9%, as i s r e c o r d e d i n t h e 

m i n u t e s o p p o r t u n e l y s e n t t o you. 

The same s u r v e y made by G.A.S. and a t t a c h e d t o t h e O c c u r r e n c e P r o c e e d i n g s , 

w h i c h we r e j e c t e d as i t was n o t c a r r i e d o u t i n c o n j u n c t i o n w i t h us and was 

n o t communicated i n due t i m e , shows a l i m i t e d number o f b r o k e n d o l o s s e ; t h e 

j u s t i f i c a t i o n o f t h o s e f r a c t u r e s , as we i n f o r m e d y o u , must be a t t r i b u t e d t o 

s u n d r y causes b u t , i n any case, n e v e r t o p l a c e m e n t by sea. 

On t h e t r a n s p o r t a t i o n and p l a c e m e n t o f t h e d o l o s s e , we c o m u n i c a t e d t h e 

f o l l o w i n g m a t t e r s t o you: 

I n answer t o t h e f i r s t q u e s t i o n n a i r e (see o u r l e t t e r No. 307/78 o f A p r i l 

15, 1 9 7 8 ) : 

- p o i n t No. 2: t h e C o n s t r u c t i v e P r o c e s s a p p r o v e d by t h e I n s p e c t o r a t e o f 

G.A.S. was s e n t ; 

- p o i n t No. 6: t h e equipment u t i l i z e d f o r t h e t r a n s p o r t a t i o n a n d t h e 

g r i p p e r f o r t h e p i c k i n g up and p l a c e m e n t o f t h e d o l o s s e were d e s c r i b e d ; 

- p o i n t s 9.1 and 9.2: t h e equipment u t i l i z e d i n t h e p l a c e m e n t o f t h e 

d o l o s s e was d e s c r i b e d ; 

- p o i n t 9.6: t h e d i r e c t s y s t e m f o r t h e c o n t r o l o f e v e n t u a l b r e a k i n g s 

d u r i n g t h e p l a c e m e n t by p o n t o o n was p i c t u r e d ; 

- p o i n t 9.7: we m e n t i o n e d t h e c o n t r o l systems and t h e i n s p e c t i o n s d u r i n g 

t h e emplacement o f t h e d o l o s s e ; 
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- p o i n t 9.8: t h e r u l e s and t h e c r i t e r i a f o l l o w e d d u r i n g emplacement were 

p i c t u r e d . 

I n answer t o t h e second q u e s t i o n n a i r e (see o u r l e t t e r No. 377/78 o f June 7, 

1978); 

- p o i n t No. 2: we t a l ) c e d a f t e r w a r d s a b o u t t h e p l a c e m e n t by sea and p a r t i 

c u l a r l y a b o u t t h e i n f l u e n c e t h e r e o n o f t h e m e t e o m a r i t i m e c o n d i t i o n s ; 

- p o i n t No. 3: we a l s o d e s c r i b e d t h e c o n t r o l systems o f t h e emplacement by 

sea; 

- p o i n t No. 4: we m e n t i o n e d t h e systems o f d o l o s s e emplacement f o l l o w i n g 

t h e r u l e s s u g g e s t e d by t h e c o n s u l t a n t s ; 

- p o i n t No. 7: we t a l k e d a b o u t t h e t e s t made f o r t h e emplacement o f t h e 

d o l o s s e . 

We summarize bel o w t h e c o n s i d e r a t i o n s v/hich d e t e r m i n e d t h e c h o i c e o f t h e 

eq u i p m e n t u t i l i z e d : 

The o r g a n i z a t i o n o f t h e work y e a r and t h e c h o i c e o f t h e e q u i p m e n t n e c e s s a r y 

f o r t h e e x e c u t i o n o f t h e works a r e , o b v i o u s l y , r e l a t e d t o t h e geometry of 

t h e work t o be e x e c u t e d , t o t h e e n v i s a g e d c o m p l e t i o n s c h e d u l e and t o t h e 

c o n d i t i o n s imposed by t h e S p e c i f i c a t i o n s f o r m f o r t h e e x e c u t i o n . 

I n t h e case o f t h e west b r e a k w a t e r a t S i n e s , t h e f o l l o w i n g c i r c u m s t a n c e s : 

1 - t h e need o f h a v i n g t o p l a c e d o l o s s e up t o a d i s t a n c e o f 55 m. f r o m t h e 

a x i s o f t h e b r e a k w a t e r , t h a t i s , o f h a v i n g a " s y s t e m " a v a i l a b l e w h i c h 

a t 55 m. has a c a p a c i t y o f ab o u t 50 t o n s (42 f o r t h e d o l o s s e and 6 f o r 

t h e g r i p p e r ) ; 

2 - t h e i m p o s s i b i l i t y f o r t h e s u p p o r t o f a crane t o make use o f t h e s u p e r 

s t r u c t u r e i n c o n c r e t e a t l e v e l ( + 8 , 0 0 ) , as t h i s c o u l d be b u i l t . 
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a c c o r d i n g t o t h e r u l e s o f t h e S p e c i f i c a t i o n s f o r m , o n l y t h r e e months 

a f t e r c o m p l e t i o n o f t h e b r e a k w a t e r , a f t e r v e r i f i c a t i o n s o f s e t t l e m e n t s 

had been c o m p l e t e d . Thus, i n case a crane was i n s t a l l e d i n t h e s u p e r 

s t r u c t u r e , a b o u t 250 m. o f t h e b r e a k w a t e r under c o n s t r u c t i o n w o u l d be 

w i t h o u t p r o t e c t i o n o f d o l o s s e ; 

3 - t h e need o f h a v i n g t o c a r r y o u t "as soon as p o s s i b l e " t h e p r o t e c t i o n 

w i t h d o l o s s e o f t h e c o n s t r u c t e d c o r e ; 

4 - t h e need o f s e p a r a t i n g t h e emplacement o f T.O.T. and o f t h e enrockments 

f r o m t h a t o f t h e d o l o s s e , t h a t i s , n o t h a v i n g o n l y one means f o r t h e i r 

emplacement; 

5 - t h e l a c k o f space i n t h e advancement a t l e v e l (+ 6 . 0 0 ) ; 

6 - t h e need, because o f t i m e s o f e x e c u t i o n , o f h a v i n g a v a i l a b l e , f o r each 

phase o f t h e work, means w h i c h can be i n t e r c h a n g e a b l e a c c o r d i n g t o 

n e c e s s i t i e s so t h a t no o p e r a t i o n had t o be suspended; 

7 - t h e need t o a v o i d t h a t t h e advancement depended on o n l y one equip m e n t 

v j h i c h , due t o i t s d i m e n s i o n s and p o s i t i o n , w o u l d be e x t r e m e l y v u l n e r 

a b l e 

l e d t o t h e c h o i c e o f t h e f o l l o w i n g system: 

- t h e d o l o s s e a r e p l a c e d by s e c t i o n s o f 20 l i n . m e t e r s f o r m i n g a l l t h e 

t h i c k n e s s o f t h e p r o j e c t l a y e r , f r o m t h e b o t t o m upwards i n t h r e e 

s u c c e s s i v e p h a s e s . 

The f i r s t p hase, by sea, by means o f a p o n t o o n e q u i p p e d w i t h an M25 

A m e r i c a n H o i s t c r a n e , e n v i s a g e s t h e emplacement o f d o l o s s e f r o m l e v e l -

15,00 Z.H. t o l e v e l + 4,50 Z.H. 

The second phase, by l a n d , w i t h an American H o i s t 11250 c a t e r p i l l a r 

c r a n e , f r o m l e v e l + 4,50 t o l e v e l + 8,00 Z.H. 
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The t h i r d and l a s t phase a l s o f r o m l a n d w i t h t h e same c a t e r p i l l a r c r a n e , 

f r o m l e v e l + 8,00 Z.H. t o l e v e l + 16,00 Z.H. 

T h i s s y s t e m was a p p r o v e d by t h e Owner o f t h e work and by t h e C o n s u l t a n t s 

b e f o r e t h e a d j u d i c a t i o n o f t h e c o n t r a c t work. 

The s y s t e m has t h e f o l l o w i n g c h a r a c t e r i s t i c s : 

- b e f o r e c a r r y i n g o u t t h e emplacement o f t h e d o l o s s e , t h e s l o p e o f t h e 

enrockment below t h e d o l o s s e l a y e r and t h e s u p p o r t b a n q u e t t e was v e r i f i e d 

w i t h manual d e p t h gauges and I n s p e c t i o n s by d i v e r s . Once i t was v e r i f i e d 

t h a t t h e l e v e l s o b t a i n e d t h r o u g h t h e d e p t h gauge r e s p e c t e d t h o s e o f t h e 

p r o j e c t , t h e emplacement o f t h e d o l o s s e was c a r r i e d o u t . 

For t h e emplacement, i n t h e c o n s t r u c t i o n o f t h e main l a y e r , t h e f o l l o w i n g 

r u l e s were f o l l o w e d : 

a) s a t i s f a c t o r y degree o f i n t e r l o c k i n g between one e l e m e n t and a n o t h e r ; 

b ) s t a b l e p o s i t i o n o f each one o f t h e e l e m e n t s ; 

c ) f o r m a t i o n o f t h e a r m o r i n g i n a l l i t s t h i c k n e s s f r o m t h e b a s e ; 

d) p l a c e m e n t o f t h e e l e m e n t s i n a manner so t h a t 60% r e m a i n e d w i t h t h e 

v e r t i c a l l e g t u r n e d t o t h e o u t s i d e o f t h e s l o p e ; 

e) r e p l a c e m e n t o f t h e d o l o s s e v;hioh were b r o k e n a t t h e t i m e o f 

emplacement; 

f ) e x e c u t i o n o f t h e a r m o r i n g w i t h t h e u t i l i z a t i o n o f such a number o f 

e l e m e n t s as t o comply w i t h t h e p r o j e c t c r o s s s e c t i o n . T h e p r o j e c t 

d e n s i t y i s 0.16 d o l o s s e / s q . m. and t h e d e n s i t y a c h i e v e d i s 0.18 

d o l o s s e / s q . m. 

Zwamborn, i n t h e m e n t i o n e d r e p o r t , j u s t i f i e s i n t h e f o l l o w i n g way t h e 

d i f f e r e n c e between t h e e n v i s a g e d d e n s i t y and t h e d e n s i t y a c h i e v e d : 
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"Dolos p a c k i n g d e n s i t y 

The p r e s c r i b e d p a c k i n g d e n s i t y was based on t h a t used o r i g i n a l l y , 

i n South A f r i c a , v i z . (double l a y e r ) : 

N = 1.04 v~^^"^= 0,160/ni2 

N = 2 

( f o r V = 16,58 m"̂ ) ^'"^^ where N i s the number of b l o c k s per u n i t 

a r e a . T h i s c o n s t i t u t e s 8,56 40 T, D o l l o s e per m l e n g t h of 

breakwater and i s 4 per cent above the "mean" pa c k i n g ^ d e n s i t y 

d e f i n e d by Zwamborn 

A l a y e r t h i c k n e s s of 6,5 m was a c c e p t e d f o r the design which 

corresponds w i t h a shape f a c t o r C = 1,275. T h i s v a l u e agrees w i t h 

the o r i g i n a l roughly c a s t cement mortar models and the v a l u e of C 

c o r r e s p o n d i n g to the above v a l u e of N i s C = 1,08 which r e s u l t s i n 

a double l a y e r t h i c k n e s s of Tj, = nC V 
1 / 3 = 5.5 

m (n = 2 ) . The 6,5 

m aimed f o r i n the p r o j e c t i s thus 18 per c e n t t h i c k e r and i t i s 

no wonder t h a t c o n s i d e r a b l y more Dolosse had to be p l a c e d to 

a c h i e v e the p r e s c r i b e d c r o s s - s e c t i o n . 

Records p r o v i d e d by Condotte show an o v e r a l l coverage p a c k i n g 

d e n s i t y of 0,1816 Dolosse/m^. T h i s p a c k i n g d e n s i t y i s o b t a i n e d 

by i n c r e a s i n g the v a l u e of the c o n s t a n t i n the above formula f o r N 

from 1,04 t o 1,18, r e p r e s e n t i n g an i n c r e a s e of 14 per cent i n the 

number o f Dolosse, N. The expected l a y e r t h i c k n e s s then f o l l o w s 

from the c o r r e s p o n d i n g shape f a c t o r v a l u e ^ ^ . I . e . Ĉ ^ = 1,23, 

namely tj^=2 ~ 6,27 m which i s f a i r l y c l o s e to the r e q u i r e d 

6,5 m." 

g) emplacement i n such a way as to r e s p e c t the p r o j e c t c r o s s s e c t i o n , 

r e g a r d i n g i n c l i n a t i o n s and t h i c k n e s s . 

These r u l e s are i n conformity w i t h those suggested by the I n s p e c t o r a t e . 

The emplacement by sea was e x e c u t e d the f o l l o w i n g way: 

- p o s i t i o n i n g the pontoon through f i x e d p o i n t s on land and bouys on the 

s e a , performed by a t o p o g r a p h i c team; the pontoon was anchored w i t h two 

bottom anchors and a t l e a s t two c a b l e s on l a n d to p r e v e n t i t s movement 

d u r i n g the emplacements; 

- l i f t i n g of the d o l o s s e v/ith an M25 American H o i s t crane equipped w i t h 

s p e c i a l g r i p p e r s molded a c c o r d i n g to the shape of the element and h a v i n g 
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a g u i d i n g d e v i c e f o r o r i e n t a t i o n of the d o l o s s e ( t a k - l i n e ) i n t h e i r 

emplacement; 

- c o n t r o l by the d i v e r a f t e r completion of the emplacement i n order to 

v e r i f y e v e n t u a l f r a c t u r e of the elements. 

The placement of the dolosse by pontoon v;as suspended as soon as the 

meteomaritime c o n d i t i o n s might i n v o l v e r i s k s of f r a c t u r e of the elements. 

The emplacement by l a n d with an American H o i s t 11250 c r a n e equipped with 

s p e c i a l g r i p p e r s and w i t h a g u i d i n g d e v i c e ( t a k - l i n e ) was executed w i t h the 

support and the c o n t r o l of the topographic team. 

I n the course of the breakwater r e p a i r works commenced on August 2 9 , 1978, 

from August 23, 1978 u n t i l September 26, 1978, 742 d o l o s s e were p l a c e d by 

pontoon, 188 o f which were armed and 554 unarmed. Only two were b r o k e n . 

T h i s emplacement was c a r r i e d out i n the same sea c o n d i t i o n s , w i t h t h e same 

means, w i t h the same systems and the same men u t i l i z e d i n c o n s t r u c t i o n of 

the breakwater, but now i n worse c o n d i t i o n s because of the I r r e g u l a ' ^ i t Y °f 

the s l o p e as a consequence of the storm, which afterv/ards d e m o n s t r a t e s t h a t 

the placement w i t h a f l o a t i n g crane i s not a cause f o r f r a c t u r e the 

d o l o s s e . 

I f , i n s p i t e of e v e r y t h i n g , the C o n s u l t a n t s s t i l l have some doubt i " t h a t 

r e s p e c t , they have only to go and watch the works s t i l l under way. 

With regar d t o t h e model which, a c c o r d i n g to the C o n s u l t a n t s , was not 

adopted, we must bear i n mind t h a t f o l l o w i n g the c o n v e r s a t i o n s w h i c h took 

p l a c e i n South A f r i c a among E n g i n e e r s M e r r l f i e l d and Zwamborn, a n d Eng. 

B i s c a i a of the I n s p e c t o r a t e of G.A.S., Eng. S i l v e i r a Ramos, °^ the 

C o n s u l t a n t s and E n g i n e e r s P a o l e l l a and A g o s t i n i from Condotte, t h e r e arose 

the d e t e r m i n i n g n e c e s s i t y of e x e c u t i n g the armoring i n only one l a y e r and 

of i n t e r l o c k i n g the dolosse as much as p o s s i b l e . These r u l e s w e r e abso

l u t e l y r e s p e c t e d d u r i n g the c o n s t r u c t i o n w i t h o u t any comments w h a t s o e v e r 

from anyone. 
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I n time and a f t e r a t r i p to South A f r i c a , the ex e c u t i o n of a model on a 

reduced s c a l e t u r n e d out to be u n f e a s i b l e f o r meeting the requ i r e m e n t s and 

p r e f e r e n c e was given tp a model on a c t u a l s c a l e . As we s t a t e d when answer

i n g q u e s t i o n No. 7 o f the second q u e s t i o n n a i r e , i t was i n t h i s way t h a t i t 

v;as decided to p l a c e t he d o l o s s e , i n the pres e n c e of the I n s p e c t o r a t e of 

G.A.S. and of i t s C o n s u l t a n t s , a l l a l o n g a sample trunk of the breakwater 

of 20 l i n . meters. 

T h i s t e s t was c o n s i d e r e d f u l l y s a t i s f a c t o r y and t h e r e f o r e , t he d o l o s s e 

u t i l i z e d f o r t h a t purpose were not v/ithdrawn and the subsequent emplace

ments were c a r i e d out f o l l o w i n g the same scheme. We are not aware of any 

l e t t e r from the C o n s u l t a n t s commenting on t h i s t e s t . 

1 1 . SECONDARY LAYER WITH INADEQUATE (•JEIGHT/EMPLACEMENT 

The C o n s u l t a n t s d e f i n e a s " p o s s i b l e d e f i c i e n c i e s " the weight of the second 

l a y e r b l o c k s and the system of emplacement i n the e n t i r e breakv/ater. 

I t i s a l s o s t a t e d , and i n t h i s case a s w e l l , t h a t : " t h e r e i s no informa

t i o n of s u r v e y s , t h e r e a r e no v e r i f i c a t i o n s made by G.A.S.". We r e j e c t , as 

f a l s e , t h e s e a r b i t r a r y s t a t e m e n t s . 

C o n t r a r y to what the C o n s u l t a n t s w r i t e on t h i s matter (which r e p e a t s what 

i s w r i t t e n c o n c e r n i n g p o i n t 10), the " s u r v e y s " and the " v e r i f i c a t i o n s " were 

made (see group of s u r v e y s c a r r i e d out by Condotte t o g e t h e r w i t h the 

I n s p e c t o r a t e and vjhich were forwarded to you with our l e t t e r No. 425/78 o f 

J u l y 18, 1978). We would c a l l to mind t h a t the s u r v e y s , reproduced 

g r a p h i c a l l y i n t h i s group, r e p r e s e n t only one p a r t of t h e v e r i f i c a t i o n s 

c a r r i e d out dur i n g t he c o n s t r u c t i o n of the breakwater. 

As we a l r e a d y had the op p o r t u n i t y of in f o r m i n g you, the s e l e c t i o n of the 

v a r i o u s c l a s s e s of enrockment was made by v i s u a l comparison, t a k i n g as a 

r e f e r e n c e sample elements p r e v i o u s l y weighed, cubed and exposed i n w e l l 

v i s i b l e p l a c e s of the y a r d . I n a d d i t i o n , the enrockment was c o n t r o l l e d by 

the I n s p e c t o r a t e , both a t the e x i t of the qua r r y as w e l l a s b e f o r e being 

p l a c e d , and even d u r i n g i t s emplacement. 
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11.1 INADEQUATE EMPLACEMENT 

The emplacement of the enrockments was c a r r i e d out a c c o r d i n g to the form 

p r e s c r i b e d i n the C o n s t r u c t i v e P r o c e s s approved by the I n s p e c t o r a t e and 

always i n the pres e n c e of one r e p r e s e n t a t i v e of the l a t t e r . 

The C o n s u l t a n t s do not e x p l a i n why the emplacement system i s inadequate nor 

do they i n d i c a t e "adequate" a l t e r n a t i v e s f o r the adopted system. 

What are the c r i t e r i a of e v a l u a t i o n and on what e x p e r i e n c e of c o n s t r u c t i o n 

of deep water harbors are the C o n s u l t a n t s based to d e f i n e as inadequate a 

system of e x e c u t i o n of one phase of work, the s e l e c t i o n of which was made 

i n terms of dimension of the works and of t h e i r t e c h n i c a l - c o n s t r u c t i v e 

r equirements ? 

On the other hand, i t i s a l s o not i n d i c a t e d how t h a t "inadequate placement" 

c o u l d c o n s t i t u t e t he "cause" of the damage which o c c u r r e d i n the brea k 

v/ater . 

11.2 METHOD DESCRIBED BY THE ENGINEERS OF THE WORK (FROM CONDOTTE? FROM 

G.A.S.?) DOES NOT FACILITATE IN AN ACCURATE EMPLACEMENT 

We do not understand the meaning of t h i s s e n t e n c e . According to t h e 

p r o v i s i o n s of the S p e c i f i c a t i o n Form, Condotte p r e s e n t e d to t h e 

I n s p e c t o r a t e the C o n s t r u c t i v e P r o c e s s f o r the west breakwater. The 

I n s p e c t o r a t e approved t h i s P r o c e s s and, pursuant to t h e c o n d i t i o n s s e t 

f o r t h t h e r e i n , c a r r i e d out the work. We are not aware t h a t the C o n s u l t a n t s 

have i n d i c a t e d o t h e r systems d i f f e r e n t from those which were envisaged and 

approved. 

12. DOLOSSE SUPPORT FOOTING WITH INCORRECT PLACEMENT AND DIMENSIONS 

The placement of the enrockment of 16/20 tonn. to b u i l d up the s u p p o r t 

banquette of the d o l o s s e armor \ i n i t was being c a r r i e d out i n c o n f o r m i t y 

w i t h t he C o n s t r u c t i v e P r o c e s s , approved by the I n s p e c t o r a t e . 
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We may a l s o add t h a t t h e enrockment o f 0.5/3.0 t o n n . i s , as t h e p r o j e c t 

s e t s f o r t h , p l a c e d i n t h e o u t s i d e s l o p e o f t h e b r e a k w a t e r a t more t h a n 60 

l i n . m e t e r s o f d i s t a n c e f r o m t h e a x i s . I n t h e s e c o n d i t i o n s , we do n o t 

u n d e r s t a n d what e q u a l l y sound s y s t e m o f emplacement c o u l d be a d o p t e d , i n 

a d d i t i o n t o t h a t e n v i s a g i n g t h e d i r e c t i i n l o a d i n g o f t h e m a t e r i a l s t h r o u g h 

f l o a t i n g methods. We w i s h t o s t r e s s a l s o t h a t i n t h i s phase o f t h e works 

t h e v e r i f i c a t i o n s and s u r v e y s were c a r r i e d o u t as s e t f o r t h i n t h e Con

s t r u c t i v e P r o c e s s . 

On t h e o t h e r hand, i t i s n o t i n d i c a t e d how such " p o s s i b l e d e f i c i e n c i e s " 

c o u l d c o n s t i t u t e a "cause" o f t h e damage w h i c h o c c u r r e d a t t h e b r e a k w a t e r . 

15. TOE OF THE TOT WITH INADEQUATE DIMENSIONS AND E^ÏPLACEMENT 

The TOT was p l a c e d , as p l a n n e d , t h r o u g h t h e u n l o a d i n g o f b a r g e s w h i c h open 

a t t h e b o t t o m . 

The v e r i f i c a t i o n o f t h e m a t e r i a l l o a d e d on b o a r d each barge was made by t h e 

I n s p e c t o r a t e . 

A f t e r t h e emplacement o f t h e TOT, t h e d i m e n s i o n s o f t h e t o e were v e r i f i e d 

t h r o u g h s u r v e y s . 

I t i s n o t u n d e r s t o o d on what ground t h e h y p o t h e s i s i s based t h a t i n some 

t r u n k s t h e r e were p o s s i b l e d e f i c i e n c i e s and i n o t h e r s t h e r e were n o t . 

We do n o t know t h e elements o f e v a l u a t i o n w h i c h t h e C o n s u l t a n t s used as a 

b a s i s f o r c o n s i d e r i n g t h a t t h e emplacement e f f e c t e d by us was i n a d e q u a t e . 

A t t h e same t i m e , t h e y n e v e r i n d i c a t e d any a l t e r n a t i v e t o t h e syst e m 

a d o p t e d . 

On t h e o t h e r hand, i t i s n o t p o i n t e d o u t how such " p o s s i b l e d e f i c i e n c y " 

c o u l d c o n s t i t u t e one "cause" o f t h e a c c i d e n t w h i c h o c c u r r e d a t t h e b r e a k 

w a t e r . 
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16. INEXISTENT LAYER OF FILTER 

I n t h e Map o f Measurements a t t a c h e d t o t h e c o n t r a c t , t h e e x e c u t i o n o f t h e 

f i l t e r was an i t e m c o n s i d e r e d " c o n d i t i o n a l " . 

The S i n e s Area Bureau had t h e o p t i o n o f a s k i n g o r n o t a s k i n g i t s e x e c u t i o n , 

a t a t i m e c o n s i d e r e d o p p o r t u n e . 

W i t h o u t t h i s o r d e r , C o n d o t t e was n o t a u t h o r i z e d t o e x e c u t e such f i l t e r . 

By i t s l e t t e r No. 88/76 o f March 9, 1976, t h e S i n e s A r e a Bureau r e q u e s t e d 

t h a t t h e f i l t e r be e x e c u t e d . 

A f t e r t h i s r e q u e s t , C o n d o t t e c a r r i e d o u t t h e work w h i c h had been o r d e r e d . 

The p r o g r e s s i v e o f t h e b r e a k w a t e r advancement a t t h e d a t e o f t h e Bureau's 

l e t t e r was a p p r o x i m a t e l y 1,400. 

The f i l t e r was e x e c u t e d w i t h t h e d i m e n s i o n s s e t f o r t h i n t h e p r o j e c t and i n 

agreement w i t h t h e I n s p e c t o r a t e , b e g i n n i n g , o b v i o u s l y , a t t h e above 

m e n t i o n e d d i s t a n c e f r o m o r i g i n . 

On t h e o t h e r hand, t h e C o n s u l t a n t s do n o t i n d i c a t e hov; such pseudo "knovm 

d e f i c i e n c i e s " and " p r o b a b l e d e f i c i e n c i e s " c o u l d c o n s t i t u t e "causes" o f t h e 

a c c i d e n t w h i c h o c c u r r e d a t t h e b r e a k w a t e r . 
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CONCLUSION 

G l o b a l l y e x a m i n i n g t h e document o f t h e C o n s u l t a n t s we may c o n c l u d e t h a t t h e 

rem a r k s t h e r e i n a r e e x t r e m e l y o v e r s i m p l i f i e d , n o t t o use a s t r o n g e r word. 

They c o n s i s t i n a s c r i b i n g t o t h e e x e c u t i o n some d e f e c t s t h a t n o t even t h e 

C o n s u l t a n t s t h e m s e l v e s know i f t h e y e x i s t - i f t h e y knew, t h e y w o u l d n o t 

c a l l them " p r o b a b l e " o r " p o s s i b l e " - and, a l t h o u g h n o t p u t t i n g i t i n w r i t 

i n g , t h e y want t o make b e l i e v e t h a t a l l t h o s e pseudo d e f e c t s o f e x e c u t i o n 

were t h e cause o f t h e a c c i d e n t . However, t h e y d i d n o t even a t t e m p t t o 

d e m o n s t r a t e , d e f e c t by d e f e c t , what was t h e i r p o s s i b l e i n f l u e n c e i n t h e 

a c c i d e n t as i t o c c u r r e d . 

And, on t h e o t h e r hand, t h e y c o m p l e t e l y i g n o r e d a l l t h e c i r c u m s t a n c e s - i n 

a d d i t i o n t o such pseudo d e f e c t s - w h i c h c o u l d have caused t h e a c c i d e n t . 

Thus, t h e y were n o t i n t e r e s t e d i n knowing what had a c t u a l l y been t h e c o n d i 

t i o n o f t h e sea d u r i n g t h e s t o r m p e r i o d ; t h e y d i d n o t t a k e i n t o c o n s i d e r a 

t i o n t h e t e s t s i n model p e r f o r m e d a t t h e l a b o r a t o r i e s i n L i s b o n (L.N.E.C.), 

o f Canada ( N a t i o n a l Research C e n t e r ) and o f P a r i s (L.C.H.F.); t h e y d i d n o t 

t a k e i n t o c o n s i d e r a t i o n w h a t s o e v e r t h e q u a l i f i e d o p i n i o n s o f e x p e r t s r e c o g 

n i z e d l y e x p e r i e n c e d i n m a r i t i m e works i n deep w a t e r s . For them e v e r y t h i n g 

comes down t o t h r o w i n g d o u b t s on t h e I n s p e c t o r a t e and t h e e x e c u t i o n o f t h e 

w o r k s i n an a r b i t r a r y and o v e r s i m p l i f i e d manner. 

I t i s n o t i n c u m b e n t upon C o n d o t t e t o f i g h t f o r t h e I n s p e c t o r a t e o f t h e 

G . A i S . ; however, you have i n y o u r p o s s e s s i o n t h e c o m p l e t e d o c u m e n t a t i o n and 

t h e c o r r e s p o n d e n c e exchanged between G . A . S . and C o n d o t t e d u r i n g t h e f o u r 

y e a r s t h e c o n s t r u c t i o n o f t h e b r e a k w a t e r l a s t e d . I n t h i s way, y o u w i l l be 

a b l e t o v e r i f y t h a t t h e I n s p e c t o r a t e p e r f o r m e d i t s f u n c t i o n r i g o r o u s l y . 

Once t h e " d r a w i n g " o f t h e C o n s u l t a n t s i s s t u d i e d , we may l e g i t i m a t e l y a sk: 

what do t h e y seek t o a t t a i n w i t h t h a t d r a w i n g , a f t e r a l l ? 

I f t h e y a s p i r e t o show t h e e x i s t e n c e o f d e f e c t s o f e x e c u t i o n - h a d t h e y o r 

h a d t h e y n o t c o n t r i b u t e d or c o u l d t h e y have c o n t r i b u t e d t o t h e a c c i d e n t -

t h e d r a w i n g s e r v e s o n l y t o c a s t c o n f u s i o n . 
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I f t h e y seek t o i n s i n u a t e t h a t a l l t h e pseudo d e f e c t s a p p e a r i n g i n t h e 

d r a w i n g were causes o f t h e a c c i d e n t , t h e y s h o u l d have gone t o t h e t r o u b l e 

t o p r o v e t h a t c a u s a l i t y and i f t h e y d i d n o t do so i t was because i t was 

m a n i f e s t l y I m p o s s i b l e and, t h e r e f o r e , t h e y d i d n o t dare t o do so. 

And, i n c o n c l u s i o n , we w o u l d emphasize an i n t e r e s t i n g p o i n t . 

When t h e C o n s u l t a n t s i n t h e i r r e p o r t t a l k a bout i n c o r r e c t o r wrong 

emplacement, we may s i m i l a r l y ask on what grounds o f e x p e r i e n c e i n 

c o n s t r u c t i n g h a r b o r s i n deep v;aters can t h e y j u s t i f y t a k i n g such a 

c a t e g o r i c p o s i t i o n . And i f , on t h e o t h e r hand, t h e p r o j e c t was so 

s e n s i t i v e t o t h e p o i n t t h a t " p o s s i b l e " o r " p r o b a b l e d e f i c i e n c i e s " p o i n t e d 

o u t by them c o u l d cause such a s e r i o u s c r x j m b l i n g , b y t h e same t o k e n t h e 

v a l i d i t y o f t h a t same p r o j e c t , s u b j e c t t o such consequences, i s p l a c e d I n 

d o u b t . 

We t h i n k , however, t h a t t h e b e s t way t o p r o c e e d i s t o s t u d y t h e a c t u a l 

m e t e o m a r i t i m e c o n d i t i o n s o b s e r v e d i n F e b r u a r y 1978 and i n t h i s f i e l d we a r e 

c o n v i n c e d we have g i v e n a sound c o n t r i b u t i o n . 
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APPENDIX B - c o n t i n u e d : 

ANSÏffiR OP CONDOTTE TO LETTER NO. 000530 ( s e e A p p e n d i x A, A t t a c h m e n t #10) 

OF "BERTLIN. CONSULMAR. LUSOTECNA", 

WHICH WAS DELIVERED TO CONDOTTE 

BY THE "GABINETE DA AREA DE SINES" 

EMPLACEMENT OF THE TOT I N THE CORES 

The S p e c i f i c a t i o n s Form s e t s f o r t h t h a t t h e TOT, b o t h t h e s e l e c t e d and t h e 

n o r m a l , may c o n t a i n p i e c e s o f r o c k u n d e r 1 k g . w h i c h do n o t e x c e e d 5% o f 

t h e w e i g h t . S i n c e , i n t h e b r e a k w a t e r , an a v e r a g e , o f 250 d a i l y t r i p s a r e 

made by 6 0 - t o n dumpers and t h e t o t a l amount t r a n s p o r t e d i s 15,000 t o n s , 750 

t o n s o f m a t e r i a l b e l o w 1 k g . c o u l d be t r a n s p o r t e d . S i n c e t h e s p e c i f i c 

w e i g h t o f t h a t m a t e r i a l i s 2.00 tons / m ^ , 375 m-^/day o f f i n e m a t e r i a l 

c o u l d be t r a n s p o r t e d . 

As a m a t t e r o f f a c t , dumpers have a c a p a c i t y o f 65 t o n s ; hence, TOT b e l o w 1 

k g . s h o u l d be 3.22 t o n s p e r t r i p , c o r r e s p o n d i n g t o 1.60 c u . m e t e r s o f f i n e . 

T h i s q u a n t i t y was n e v e r p l a c e d . 

I n a d d i t i o n , a t e s t was c a r r i e d o u t i n t h e p r e s e n c e o f y o u r g e o l o g i s t on 

A u g u s t 2 l a s t , and t h e p e r c e n t a g e o f f i n e m a t e r i a l r e a c h e d a b o u t 2/3%, and 

on A u g u s t 6 l a s t , w i t h a dumper chosen a t random, we u n l o a d e d on l a n d i n 

t h e p r e s e n c e o f y o u r c o n s u l t a n t s , who a d m i t t e d t h a t t h e p e r c e n t a g e was on 

s i g h t much l e s s t h a n 5%. 

On t h e o t h e r hand, u n d e r t h e s u p e r v i s i o n o f t h e Works I n s p e c t o r , we t o o k 

t h e f o l l o v / i n g s t e p s i n o r d e r t h a t t h e m a t e r i a l c a r r i e d t o t h e b r e a k w a t e r 

w o u l d be t h e b e s t p o s s i b l e : 

1) e l i m i n a t i o n o f t h e s t e r i l e c o v e r i n g m a t e r i a l 

T h i s e l i m i n a t i o n i s e f f e c t e d under t h e s u r v e i l l a n c e o f t h e I n s p e c t o r a t e 

a n d i n s u c h a way t h a t , as we a l r e a d y had t h e o p p o r t u n i t y t o communi

c a t e t o y o u s e v e r a l t i m e s , a f t e r t h e c l e a n i n g access t o t h e h i g h e r p a r t 

o f t h e q u a r r y i s n o t p o s s i b l e most o f t h e t i m e , n o t even w i t h s m a l l 
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d r i l l i n g e q u i p m e n t , w h i c h even f o r c e s us t o c a r r y o u t e x p l o s i o n s o f 

r e c t i f i c a t i o n t o g i v e room t o a s u r f a c e p a s s a b l e f o r our means; 

2) r e m o v a l o f n o n s u i t a b l e m a t e r i a l f r o m t h e f r o n t o f t h e q u a r r y 

T h i s m a t e r i a l , w h i c h i s i n t h e c r e v i c e s o f t h e r o c k , i s s e n t t o t h e 

dumping g r o u n d . For example, i n t h e p e r i o d f r o m A u g u s t 1 t o Au g u s t 25 

a b o u t 17% o f t h e m a t e r i a l was s e n t t o t h e dumping g r o u n d ; 

3) h i g h c a p a c i t y pumps were p l a c e d on t h e advancement o f t h e b r e a k w a t e r 

and t h e m a t e r i a l was v i g o r o u s l y dampened f o r t h e p u r p o s e o f e l i m i n a t i n g 

t h e f i n e r p a r t ; 

4 ) by means o f p o i n t s o f r e f e r e n c e p l a c e d on t h e b r e a k w a t e r , t h e 

s e t t l e m e n t s o f t h e v e r y b r e a k w a t e r a r e measured. Up t o now, i n t h e 

zone i n i t i a l l y e x e c u t e d t h e s e t t l e m e n t s a r e o f a few c e n t i m e t e r s . 

The measurements m e n t i o n e d i n i t e m s 2) and 3) were t a k e n a l t h o u g h t h e 

c o n t r a c t d i d n o t e n v i s a g e t h i s t o be t h e r e s p o n s i b i l i t y o f t h e Company. 

From t h e a f o r e m e n t i o n e d , we t h i n k t h e m a t e r i a l w h i c h i s t r a n s p o r t e d t o t h e 

b r e a k w a t e r i s f u l l y a c c e p t a b l e . I f , however, t h e c o n s u l t a n t s have an 

o p i n i o n t o t h e c o n t r a r y , o b v i o u s l y t h e q u e s t i o n no l o n g e r c o n c e r n s t h e 

e x p l o r a t i o n o f t h e q u a r r y b u t r a t h e r t h e n a t u r e and c o n d i t i o n s o f t h e 

m a t e r i a l w h i c h c o n s t i t u t e t h e q u a r r y i t s e l f . 

SECONDARY LAYERS OF THE WEST BREAKWATER COVERING 

A t t h e t i m e o f t h e C o n s u l t a n t s ' v i s i t , t h e p a r t o f t h e b r e a k w a t e r c o n c e r n 

i n g t h e r o o t i n g was xinder e x e c u t i o n . 

F o r t h i s p a r t , some u n c e r t a i n t i e s a r o s e a b o u t t h e t y p e o f c o v e r i n g t o be 

p l a c e d \mder t h e d o l o s s e . As a m a t t e r o f f a c t , d r a w i n g 15 A i n d i c a t e s t h e 

en r o c k m e n t f r o m 0.5 t o 3 t o n n . , whereas d r a w i n g 173, f r o m 3 t o 6 t o n n . 

130 



T h e r e f o r e , i t i s v e r y p r o b a b l e t h a t t h e C o n s u l t a n t s had seen t h e emplace

ment o f t h o s e w i t h l a r g e r d i m e n s i o n s , s i n c e d r a w i n g 173 was unde r execu

t i o n . 

RECESSES I N THE CENTRAL ELEMENTS OF THE DOLOSSE 

Some d o l o s s e o f 15 t o n s have, a c t u a l l y , a r e c e s s i n t h e c e n t r a l p a r t o f 

2,35 mm. i n a 1160 ram. t h i c k n e s s , c o r r e s p o n d i n g t o 0.0021 , and some o f 40 

t o n s have a r e c e s s o f 3 mm. i n a 1589 mm. t h i c k n e s s , c o r r e s p o n d i n g t o 

0.00133. 

T h a t i s due t o t h e f a c t t h a t i n some c a s i n g s t h e r u b b e r p l a t e s e p a r a t i n g 

t h e w a l l s t o p r e v e n t t h e t r a n s m i s s i o n o f v i b r a t i o n s f r o m t h e upp e r p a r t t o 

t h e l o w e r p a r t went back i n s i d e when t h e assembly t o o k p l a c e . 

T h i s i n s i g n i f i c a n t i n c o n v e n i e n c e was p r o m p t l y e l i m i n a t e d . 

CONTROL OF THE CONCRETE OF THE DOLOSSE 

Under t h e s u p e r v i s i o n o f t h e I n s p e c t o r a t e , t h e c o n c r e t e was c o n t i n u o u s l y 

c o n t r o l l e d . 

B e f o r e p l a c i n g t h e d o l o s s e , b o t h t h e Works I n s p e c t o r and C o n d o t t e e x e r c i s e 

c o n t r o l i n o r d e r t h a t c o n s t r u c t i o n d e f e c t s do n o t appear. S h o u l d some 

d e f e c t s be d e t e c t e d , t h e causes o f such d e f e c t s w o u l d be examined and t h o s e 

d o l o s s e w o u l d be d e s t r o y e d and s e n t t o t h e dumping gr o u n d . 

Up t o now, n e i t h e r we n o r t h e I n s p e c t o r a t e have n o t i c e d any d e f e c t i n t h e 

m a n u f a c t u r e o f t h e c o n c r e t e f o r t h e d o l o s s e ; t h e r e f o r e , v/e r e g r e t t h a t t h e 

C o n s u l t a n t s had n o t p o i n t e d o u t t o us t h e d o l o s s e w h i c h t h e y d i d n o t 

c o n s i d e r s u i t a b l e . 
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IDENTIFICATION OF DOLOSSE 

A c t u a l l y , r e f e r e n c e numbers were n o t p u t on t h e f i r s t 1 5 - t o n d o l o s s e , b u t 

o n l y t h e d a t e o f m a n u f a c t u r e . 

We p r o c e e d e d t o p u t numbers on a l l o f them I n c l u d i n g t h e f i r s t ones. 

PLACEMENT OF DOLOSSE AND STONE BLOCKS 

The d o l o s s e a r e p l a c e d a c c o r d i n g t o t h e I n s t r u c t i o n s I n t h e S p e c i f i c a t i o n s 

Form. 

We a r e o b v i o u s l y a t y o u r d i s p o s a l t o a s s i s t and c o l l a b o r a t e i n t h e execu

t i o n o f a l l t h e t e s t s w i t h t h e model, i n o r d e r t o e s t a b l i s h , i f t h e c o n s u l 

t a n t s deem i t n e c e s s a r y , t h e i n s t r u c t i o n s on t h e g e o m e t r i c f o r m w h i c h t h e 

d o l o s s e l a y e r s must assume and on t h e consequent ways o f emplacement. 

The tv;o l a y e r s o f d o l l o s e a r e p l a c e d s i m u l t a n e o u s l y . When t h e c o n s u l t a n t s 

came, t h e emplacement o f t h e p a r t o f t h e d o l o s s e f r o m 126 t o 139 was b e i n g 

c a r r i e d o u t . I n t h i s zone, w h i c h i s t h e r o o t i n g o f t h e b r e a k w a t e r , o n l y 

one l a y e r o f d o l o s s e i s e n v i s a g e d i n t h e p r o j e c t . I t i s p r o b a b l e t h a t t h e 

c o n s u l t a n t s had t h o u g h t i t was i n t e n d e d t o p u t a n o t h e r l a y e r o v e r i t . 

As t o r o c k s , t h e y a r e a l s o p l a c e d i n two s i m u l t a n e o u s l a y e r s . However, 

once i n a w h i l e i t may happen t h a t we j u s t c a r r y o u t one l a y e r o f r o c k s , 

when t h e ro u g h n e s s o f t h e sea compels us t o t a k e s h e l t e r q u i c k l y . I n an 

i n s t a n c e such as t h i s , t h e r o c k s o f t h e a r m o r i n g a r e d i s p l a c e d a f t e r w a r d s 

i n o r d e r t o c o n s t i t u t e two s i m u l t a n e o u s l a y e r s . 

BLOCKS FOR THE PIER OF THE CONSTRUCTION HARBOR 

I n agreement w i t h t h e Works I n s p e c t o r , we r e d u c e d t h e d i m e n s i o n o f t h e 

t u b e s o f t h e l o w e r p a r t i n o r d e r t o p e r m i t t h e p l a c e m e n t o f t h e s u s p e n s i o n 

s t r a p s , 

L i s b o n , A u g u s t 27, 1974 
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( A p p e n d i x B C o n t i n u e d : R e p l i e s t o O f f i c i a l I n v e s t i g a t i o n C o mmittee and r e 

l a t e d c o r r e s p o n d a n c e ) . 

QUESTION: 

7. C o n t r o l o f t h e q u a l i t y o f t h e c o n c r e t e and o f i n t e r r u p t i o n s i n t h e 

c o n c r e t i n g 

ANSWER; 

7. The q u a l i t y o f t h e c o n c r e t e d e s t i n e d t o d o l o s s e was s t u d i e d and t e s t e d 

b e f o r e p r o d u c t i o n was s t a r t e d . A f t e r v j a r d s , i t was s y s t e m a t i c a l l y con

t r o l l e d i n t h e c o u r s e o f t h e w o r k , t o g e t h e r w i t h t h e I n s p e c t o r a t e , 

t h r o u g h t e s t s o f m e c h a n i c a l r e s i s t e n c e t o c o m p r e s s i o n a t two days, a t 

28 d a y s , a t 90 days and a t one y e a r , w i t h c u b i c samples w i t h a 20 om. 

edge. The c o l l e c t i n g o f t h e c o n c r e t e t o be s u b m i t t e d f o r t e s t i n g was 

done i n agreement w i t h t h e I n s p e c t o r a t e , i n t h e f o l l o w i n g ways: f o r 

ea c h 100 c u . m e t e r s o f c o n c r e t e p r o d u c e d , a q u a n t i t y o f c o n c r e t e s u f f i 

c i e n t t o make s i x c u b i c samples was c o l l e c t e d a t t h e o u t l e t o f t h e 

c o n c r e t e m i x e r and w i t h a p p r o x i m a t e l y h a l f o f t h e u n l o a d i n g done; i n 

t h i s manner, t w o c o l l e c t i o n s o f t h r e e samples were o b t a i n e d , each one 

d e s t i n e d t o c o m p r e s s i o n t e s t s a t t w o and a t 28 d a y s , r e s p e c t i v e l y . 

The c o n t r o l o f t h e q u a l i t y o f t h e c o n c r e t e i s done based on t h e amount 

o f i t s r e s i s t a n c e t o c o m p r e s s i o n a t 28 days o f h a r d e n i n g . The method 

f o l l o v j e d i s t h e one r q u i r e d b y t h e S p e c i f i c a t i o n Form and i n 

"R.B.L.H.", by Decree No. 404/71 o f September 23. 

T h r o u g h t h e c o n t r o l s o f t h e q u a l i t y o f c o n c r e t e d e s t i n e d t o t h e d o l o s s e 

p r o d u c e d i n t h e p e r i o d between O c t o b e r 1974 and November 1977, upon 

2558 s a m p l e s , t h e f o l l o w i n g d a t a can be e x t r a c t e d : 

- medium s t r e s s o = 536 k g . / s q . cm. 

- c h a r a c t e r i s t i c s t r e s s Cj,}. = 454 k g . / s q . cm. 

- medium q u a d r a t i c d e f l e c t i o n = 50 

- v a r i a t i o n c o e f f i c i e n t = 9 

W i t h r e g a r d t o i n t e r r u p t i o n s i n t h e c o n c r e t i n g o f d o l o s s e , we have 

a l r e a d y e x p l a i n e d i n p o i n t 6 t h a t t h e r e were p r a c t i c a l l y no i n t e r r u p 

t i o n s d u r i n g t h e c o n c r e t i n g o f t h e d o l o s s e . 
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QUESTION; 

7.1 D i d any r e j e c t i o n o f t h e d o l o s s e t a k e p l a c e f o r n o n c o m p l i a n c e w i t h t h e 

q u a l i t y r u l e s ? 

ANSWER: 

7.1 D o l o s s e r e j e c t e d by t h e I n s p e c t o r a t e f o r n o n c o m p l i a n c e w i t h t h e 

q u a l i t y r u l e s s e t f o r t h i n t h e S p e c i f i c a t i o n Form were 32 o u t o f 

20,864 c o n s t r u c t e d , w h i c h i s e q u i v a l e n t t o a p e r c e n t a g e o f 0.15% o f 

t o t a l p r o d u c t i o n . 

QUESTION: 

7.2 Were t e n s i l e t e s t s c a r r i e d o u t ? How o f t e n ? 

ANSWER: 

7.2 C o n d o t t e d i d n o t c a r r y o u t t e n s i l e t e s t s . 

I n J u l y 1975, a t t h e t i m e o f t h e s t u d y o f new c o m p o s i t i o n s o f con

c r e t e , bend t e s t s were c a r r i e d o u t a t t h e " L a b o r a t o r i o N a c i o n a l de 

E n g e n h a r i a C i v i l " ( N a t i o n a l L a b o r a t o r y o f c i v i l E n g i n e e r i n g ) w h i c h 

i n d i c a t e t h e r e s u l t s o f t h e t e n s i l t e s t . These r e s u l t s a r e t r a n s 

c r i b e d i n annex 7 . a ) . 

QUESTION: 

4. I n p r a c t i c e how was t h e s p e c i f i c a t i o n c o n t r o l l e d , a c c o r d i n g t o w h i c h 

60% o f t h e v e r t i c a l l e g s o f t h e d o l o s s e must be t u r n e d t o t h e sea? The 

f a c t i s t h a t v i s u a l o b s e r v a t i o n does n o t show t h i s . 

ANSWER: 

4. The emplacement o f t h e d o l o s s e by l a n d was done w i t h a crane e q u i p p e d 

w i t h a d e v i c e ( t a k - l i n e ) w h i c h , i n p r a c t i c e , c o n s i s t s of a c a b l e 
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connected t o the g r i p p e r s and which, maneuvered manually ( s e e photo

graph No. 4.b. a t t a c h e d ) , o r i e n t s the emplacement i n any d e s i r e d d i r e c 

t i o n . 

We emphasize t h a t a f t e r v i s i t s e f f e c t e d to s h i p y a r d s i n South A f r i c a , 

t h i s s p e c i f i c a t i o n began t o be c o n s i d e r e d nrare l i k e a recommendation to 

f o l l o w , i f p o s s i b l e , s i n c e the most important t h i n g i s t h e i n t e r l o c k i n g 

o f the d o l o s s e ( s e e answer to q u e s t i o n No. 7) and t o a c h i e v e the b e s t 

i n t e r l o c k i n g - which was s t r o n g l y recommended by t h e s p e c i a l i s t of 

South A f r i c a - i t may happen t h a t d o l o s s e superimposed on o t h e r s do not 

s t a y w i t h the v e r t i c a l l e g s r i g o r o u s l y t u r n e d to the s e a . 

QUESTION: 

7. No. 5 - Emplacement, of item 2.11 - Concrete b l o c k s i n p r o t e c t i o n s , 

o f No, 2 - Works of the g e n e r a l T e c h n i c a l C l a u s e s p r o v i d e s t h a t : 

B e f o r e the emplacement of any b l o c k s , the c o n t r a c t o r w i l l demonstrate 

t o the s a t i s f a c t i o n of the I n s p e c t o r a t e , on l o c a t i o n , w i t h models, 

t h a t the p r o c e s s proposed f o r emplacement of the b l o c k s underwater 

e n s u r e s a s u i t a b l e i n t e r l o c k i n g of the p r o t e c t i v e armoring. The c o s t 

of p r e p a r a t i o n of t h e model and of the t e s t s s h o u l d be i n c l u d e d i n 

t h e u n i t a r y p r i c e s o f the u n i t s which appear i n the q u a n t i t i e s map". 

7.1, Was t h i s demonstration made? 

7.2, What v;ere the r e s u l t s ? 

ANSWER: 

7,, 7.1., 7.2. I n the mentioned l e t t e r No. 718 of August 27, 1974, we s a i d 

t e x t u a l l y : "We a r e , o b v i o u s l y , a t your d i s p o s a l t o a s s i s t and 

c o l l a b o r a t e i n the e x e c u t i o n of a l l t e s t s w i t h the model, i n order t o 

d e f i n e , i f the c o n s u l t a n t s f i n d i t n e c e s s a r y , the i n s t r u c t i o n s on the 

geometric form which t h e l a y e r s of d o l o s s e must assxime and on the 

consequent forms of emplacement". 
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Such t e s t s were a f t e r v j a r d s r e p l a c e d by t h e v i s i t t o South A f r i c a . 

W i t h t h e o b j e c t i v e , i n f a c t , o f h e l p i n g t h e "Ga b i n e t e da Area de 

S i n e s " and t h e c o n s u l t a n t s i n s o l v i n g t h e p r o b l e m o f t h e emplacement 

o f t h e d o l o s s e , o u r Company, by l e t t e r No. 821 o f September 25, 1974, 

w h i c h we e n c l o s e , t h o u g h t i t u s e f u l t o i n v i t e r e p r e s e n t a t i v e s o f t h e 

I n s p e c t o r a t e and o f t h e C o n s u l t a n t s on a t r i p t o S o u t h A f r i c a , v i s i t 

i n g works where, up t o t h a t d a t e , d o l o s s e had been used (annex 7 . a . ) , 

(annex 7 . b . ) . 

The G a b i n e t e a c c e p t e d t h e i n v i t a t i o n and t h e C o n s u l t a n t s endeavored 

t o a r r a n g e m e e t i n g s w i t h Eng. E. M e r r l f i e l d , i n v e n t o r o f t h e d o l o s s e , 

and w i t h Eng. Zwamborn o f t h e S t e l l e n b o s c h L a b o r a t o r y , w h i c h had 

a l r e a d y p e r f o r m e d niimerous l a b o r a t o r y t e s t s w i t h d o l o s s e , f o r t h e 

p u r p o s e o f an exchange o f i d e a s . 

T h i s v i s i t t o o k p l a c e f r o m November 4 t o 12, 1974, w i t h t r i p s t o 

p l a c e s o f works i n Cape Town, Gaansbaai, P o r t E l i s a b e t h , E a s t London, 

Durban, R i c h a r d Bay and a l s o t o t h e S t e l l e n b o s h L a b o r a t o r y , a c c o r d i n g 

t o t h e p r o g r a m we e n c l o s e (annex 7 . c . ) . 

The G a b i n e t e was r e p r e s e n t e d by Eng. I s m a e l B i s c a i a de C a r v a l h o ; t h e 

C o n s u l t a n t s were r e p r e s e n t e d by Eng. S i l v e i r a Ramos and C o n d o t t e by 

Eng. Giuseppe P a o l e l l a and Romano A g o s t i n i . 

I n a d d i t i o n t o t h e o b s e r v a t i o n s made d u r i n g t h a t t r i p , a f i r s t 

emplacement o f b l o c k s ( d o l o s s e ) was c a r r i e d o u t , on l o c a t i o n , f o r 

v e r i f i c a t i o n o f t h e i r adequate - o r n o t - i n t e r l o c k i n g . I t was 

a t t e n d e d by t h e I n s p e c t o r a t e o f t h e G a b i n e t e da A r e a de Sines and by 

t h e i r C o n s u l t a n t s . As no d e f i c i e n c y o f i n t e r l o c k i n g was o b s e r v e d , 

t h e d o l o s s e u t i l i z e d f o r such p u r p o s e were n o t w i t h d r a w n , and t h e 

o p e r a t i o n s o f emplacement were c a r r i e d on i n t h e same p a t t e r n . 
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QUESTION: 

1. When a n s w e r i n g q u e s t i o n No. 5 o f t h e f i r s t q u e s t i o n n a i r e , C o n d o t t e 

m e n t i o n s t h a t t h e p e r c e n t a g e o f d o l o s s e w h i c h were b r o k e n , b o t h i n 

m a n u f a c t u r e and i n emplacement, may be c o n s i d e r e d n o r m a l when com

p a r e d t o t h e amount r e g i s t e r e d i n o t h e r v/orks. 

I t i s i m p o r t a n t t o i n d i c a t e i 

1 .1 Which were t h e works and t h e r e s p e c t i v e p e r c e n t a g e s o f br o k e n d o l o s s e 

i n w h i c h such s i t u a t i o n s t o o k p l a c e ? 

ANSWER: 

1.1 As we have a l r e a d y had an o p p o r t u n i t y t o m e n t i o n (see answer t o p o i n t 

9.5 o f t h e f i r s t q u e s t i o n n a i r e ) , t h e d o l o s s e b r o k e n d u r i n g t r a n s p o r 

t a t i o n were 21 o u t o f 20,864 c o n s t r u c t e d , w h i c h i s e q u i v a l e n t t o a 

p e r c e n t a g e o f 0.1%. 

D o l o s s e b r o k e n i n t h e c o u r s e o f emplacement were 186 o u t o f 20,113, 

w h i c h c o r r e s p o n d s t o a p e r c e n t a g e o f 0.9%. 

Omar J. L i l l e v a n g , c o n s u l t i n g e n g i n e e r i n Los A n g e l e s , C a l i f o r n i a , i n 

h i s c o m m u n i c a t i o n p r e s e n t e d a t The F i f t e e n t h I n t e r n a t i o n a l C o n f e r e n c e 

on C o a s t a l E n g i n e e r i n g , H o n o l u l u , J u l y 1976, made p u b l i c a s c h e d u l e 

w h i c h we e n c l o s e , t h r o u g h w h i c h we obse r v e t h a t t h e number o f d o l o s s e 

b r o k e n d u r i n g t h e s u n d r y phases o f t h e S i n e s works may be c o n s i d e r e d 

n o r m a l (Annex l . a . ) 

QUESTION: 

1.2 ï-ïhat were t h e p e r c e n t a g e s o f b r o k e n d o l o s s e i n S i n e s , v e r i f i e d a f t e r 

emplacement, i n accordance w i t h C o n d o t t e ' s assessment? 
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ANSWER: 

1.2 I n t h e v e r i f i c a t i o n s e f f e c t e d by d i v e r s b e f o r e t h e s t o r m s o f t h e 

v / i n t e r o f 1977/78, b o t h o u t o f w a t e r a n d u n d e r w a t e r , a p e r c e n t a g e of 

a p p r o x i m a t e l y 2% o f b r o k e n d o l o s s e was d i s c o v e r e d i n t h e d o l o s s e 

armor u n i t o f t h e e n t i r e b r e a k w a t e r . We c o n s i d e r " b r o k e n d o l o s s e " 

t h o s e c o m p l e t e l y s e c t i o n e d a t t h e c e n t r a l p a r t o r w i t h l e g s m i s s i n g . 

The cause f o r f i n d i n g such a p e r c e n t a g e o f b r o k e n d o l o s s e can be 

s t o r m s o r t h e p l a c i n g o f t h e s l o p e o f t h e d o l o s s e , o r b o t h phenome-

nons s i m u l t a n e o u s l y . 

QUESTION: 

1.3 I n J a n u a r y 1978, a f t e r t h e st o r m s o c c u r r e d d u r i n g t h e w i n t e r months 

o f 1977, an i n s p e c t i o n a l o n g t h e w e s t bre a k v / a t e r t o o k p l a c e , by b o a t , 

o f t h e c o n d i t i o n o f t h e d o l o s s e armor u n i t ; i n t h a t j o i n t s u r v e i l 

l a n c e p a r t i c i p a t e d r e p r e s e n t a t i v e s o f t h e G.A.S. I n s p e c t o r a t e , o f 

G.A.S. c o n s u l t a n t s and o f C o n d o t t e . I n two p l a c e s one o r a n o t h e r 

b r o k e n d o l o s was f o u n d . I n t h e zone between t h e p r o g r e s s i v e 828 and 

t h e p r o g r e s s i v e 870 t h e r e were a l s o some b r o k e n o r d i s p l a c e d d o l o s s e 

and a t w a t e r l e v e l , i n a c e r t a i n p l a c e o f t h a t zone, r o c k s o f t h e 

enr o c k m e n t u n d e r l y i n g t h e d o l o s s e armor u n i t c o u l d be seen, an i n d i 

c a t i o n t h a t , i n t h a t p l a c e , d o l o s s e v/ere b r o k e n o r d i s p l a c e d i n a 

l a r g e r ( Q u a n t i t y . 

The I n s p e c t o r a t e recommended t o C o n d o t t e , o r a l l y , t o c a r r y o u t t h e 

r e l o a d i n g o f t h i s zone between t h e p r o g r e s s i v e s r e f e r r e d t o above, 

w h i c h C o n d o t t e d i d , p l a c i n g v i a sea on J a n u a r y 26, 1978, 14 d o l o s s e , 

on J a n u a r y 27, 1978, 28 d o l o s s e , and on F e b r u a r y 4, 1978, 14 d o l o s s e , 

i n a t o t a l o f 56; t h e r e m a i n i n g 20 d o l o s s e c a l c u l a t e d by t h e 

I n s p e c t o r as n e c e s s a r y i n o r d e r t o make a c o m p l e t e r e l o a d i n g , c o u l d 

n o t be p l a c e d b e f o r e t h e s t o r m o f F e b r u a r y 26, 1978, because o f sea 

c o n d i t i o n s . 
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As t o t h e o t h e r two p l a c e s v/here s l i g h t a l t e r a t i o n s had been 

o b s e r v e d , no r e p a i r i n g was e f f e c t e d f o r t h e same r e a s o n . 

L IST OF ANNEXES TO QUESTION NO. 1 

l . a . S chedule w i t h p e r c e n t a g e s o f f r a c t u r e d d o l o s s e , t a k e n f r o m t h e 

c o m m u n i c a t i o n p r e s e n t e d by Eng. CSnar J . L i l l e v a n g , on t h e o c c a s i o n o f 

The F i f t e e n t h I n t e r n a t i o n a l C o n f e r e n c e on C o a s t a l E n g i n e e r i n g , 

H o n o l u l u , J u l y 1976. 
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T r a n s l a t i o n 

MINISTRY OF PUBLIC WORKS 

H i g h e r C o u n c i l o f P u b l i c Vtorks and T r a n s p o r t a t i o n 

Rua das Pedras N e g r a s , 16 - L i s b o n 

COMMISSION FOR ANALYSIS OF THE ACCIDENT 

AT THE SINES IffiST PIER (CAMOS) 

CONFIDENTIAL D i r e c t o r o f t h e B r a n c h O f f i c e 

i n P o r t u g a l o f S o c i e t a I t a l i a n a 

Per C o n d o t t e d'Acqua 

Av. C o n s e l h e i r o Fernando de 

Sousa, No. 19-110. 

O f f i c i a l l e t t e r No. 99/78 

P i l e No. 7-CONDOTTE Date: J u l y 12, 1978 

Dear S i r : 

1. I n t h e answer t o p o i n t 1.3 o f q u e s t i o n No. 1 o f t h e 2nd q u e s t i o n n a i r e 

s e n t t o y o u , i t i s m e n t i o n e d t h a t "between t h e p r o g r e s s i v e 828 and t h e 

p r o g r e s s i v e 870 t h e r e were a l s o some b r o k e n or d i s p l a c e d d o l o s s e and, 

a t w a t e r l e v e l , i n a c e r t a i n p l a c e o f t h a t zone, r o c k s f r o m t h e 

e n r o c k m e n t u n d e r l y i n g t h e d o l o s s e armor u n i t c o u l d be seen, an 

i n d i c a t i o n t h a t , i n such p l a c e , a l a r g e r q u a n t i t y o f d o l o s s e were 

b r o k e n o r d i s p l a c e d " . 

I n f o r m a t i o n f r o m a n o t h e r o r i g i n d i s c l o s e d t h a t t h i s was a w e l l 

l o c a l i z e d s p o t , a b o u t 60 m. w i de between t h e e l e v a t i o n s - 2.00 m. and 

+4.00 m. , s u s c e p t i b l e o f c r e a t i n g a l a r m i n g s u s p i c i o n s t o an a t t e n t i v e 

a n d e x p e r i e n c e d o b s e r v e r . 

Was C o n d o t t e c o n s c i o u s o f t h a t o r d i d i t u n d e r e s t i m a t e t h e 

o c c u r r e n c e , as i t seems can be i n f e r r e d f r o m t h e t r a n s c r i p t above? 

An atmosphere o f a p p r e h e n s i o n f o r what had happened d i d n o t 

e v o l v e - an atmosphere f o r e t e l l i n g o t h e r s i m i l a r phenomenons, t h e 

t r a c e s o f w h i c h began a p p e a r i n g a l o n g t h e o u t s i d e s l o p e i n zones where, 

as a consequence o f t h e s t o r m s a t t h e end o f F e b r u a r y , g r e a t e r 

d e s t r u c t i o n o f t h e d o l o s s e armor u n i t t o o k p l a c e . 
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Was t h e r e n o t f e l t a need f o r a m i n u t e o b s e r v a t i o n o f a l l t h e 

o u t s i d e s l o p e o f t h e b r e a k w a t e r , b o t h i n t h e emerged and t h e u n d e r w a t e r 

p a r t s ? 

I n t h e c r o s s s e c t i o n s s u r v e y e d by B r i g a d e No. 1 o f t h e H y d r o g r a p h i c 

I n s t i t u t e between September/October 1975 and J a n u a r y 1976, s u b s t a n t i a l 

d i f f e r e n c e s a r e d e t e c t e d between t h e p r o j e c t c r o s s s e c t i o n s and t h e 

e x e c u t e d c r o s s s e c t i o n s i n s o f a r as t h e s l o p e o f t h e o u t s i d e b r e a k w a t e r 

i s c o n c e r n e d . 

These d i f f e r e n c e s a r e o b s e r v e d i n t h e c r o s s s e c t i o n s c o r r e s p o n d i n g 

t o t h e f o l l o w i n g d i s t a n c e s t o t h e o r i g i n ( m . ) : 1069.09; 929.09; 

949.09; 969.09; 989.09; 1009.09; and 1029.09. 

U n f o r t u n a t e l y , t h e s u r v e y s p e r f o r m e d by t h e d i v e r s o f t h e H . I . 

w e r e n o t e x h a u s t i v e , b u t , j u d g i n g f r o m t h e s a m p l i n g v?hich c o v e r s a 

l i m i t e d e x t e n s i o n o f t h e b r e a k w a t e r , d o u b t may a r i s e as t o t h e q u a l i t y 

o f e x e c u t i o n , even t a k i n g i n t o c o n s i d e r a t i o n a l l o w a n c e s f o r e r r o r 

c h a r a c t e r i s t i c o f a m a r i t i m e work o f such m a g n i t u d e . 

D i d C o n d o t t e t a k e c o g n i z a n c e o f t h e s e d e f i c i e n c i e s ? I n w h i c h 

t e r m s ? Was i t n o t i f i e d t o c o r r e c t them? D i d i t f u l f i l l w hat was 

i m p o s e d on i t i n t h o s e c o n t i n g e n t n o t i f i c a t i o n s ? 

I l o o k f o r w a r d t o y o u r r e p l y t o t h e s e q u e s t i o n s a t y o u r e a l i e s t 

c o n v e n i e n c e . 

V e r y t r u l y y o u r s , 

THE PRESIDENT 

( s i g n e d ) M a r i o Fernandes 

M a r i o P i n t o A l v e s Fernandes 

( I n s p e c t o r G e n e r a l o f P u b l i c Works and T r a n s p o r t a t i o n ) 
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T r a n s l a t i o n 

SOCIETA ITALIANA PER CONDOTTE D'ACQUA 

No. 427/78 

L i s b o n , J u l y 18, 1978 

Eng. MARIO PINTO ALVES FERNANDES 

I n s p e c t o r G e n e r a l o f P u b l i c Works and T r a n s p o r t a t i o n 

C hairman o f C.A.M.O.S. 

H i g h e r C o u n c i l o f P u b l i c Works and T r a n s p o r t a t i o n 

Rua das Pedras Negras 16 

LISBON 

Dear I n s p e c t o r G e n e r a l : 

V7e answer i n t h e f o l l o w i n g t e r m s t o t h e Commission's esteemed l e t t e r No. 

99/78 o f J u l y 12, 1978. 

I - Answer t o p o i n t 1. 

1 i I n p o i n t 1. o f y o u r above m e n t i o n e d l e t t e r o n l y one p o i n t i s 

t r a n s c r i b e d o f t h e answer t h a t C o n d o t t e gave i n i t s l e t t e r No. 377/78 

o f June 7, 1978, t o p o i n t 1.3. o f q u e s t i o n No. 1 o f t h e 2nd 

Q u e s t i o n n a i r e s e n t by C.A.M.O.S. 

The c o m p l e t e r e a d i n g o f o u r answer t o t h a t p o i n t 1.3. sheds l i g h t a t 

once upon some o f t h e q u e s t i o n s n o t p u t f o r w a r d . 

T h u s , C o n d o t t e s t a r t e d o u t s a y i n g : " I n J a n u a r y 1978, a f t e r t h e stor m s 

o c c u r r e d d u r i n g t h e w i n t e r months o f 1977, a v e r i f i c a t i o n , by b o a t , was 

c a r r i e d o u t a l o n g t h e w e s t b r e a k w a t e r o f t h e c o n d i t i o n o f t h e d o l o s s e 

a r m o r u n i t ; i n t h a t j o i n t v e r i f i c a t i o n t h e r e p a r t i c i p a t e d r e p r e s e n t a 

t i v e s o f t h e I n s p e c t o r a t e o f t h e S i n e s Area B u r e a u , o f t h e G.A.S. 

C o n s u l t a n t s , and o f C o n d o t t e " . 

T h e r e f o r e , when C.A.M.O.S. now asks w h e t h e r t h e r e "was n o t f e l t a need 

f o r a m i n u t e o b s e r v a t i o n o f t h e e n t i r e o u t s i d e s l o p e o f t h e b r e a k w a t e r , 

b o t h i n t h e emersed as w e l l as i n t h e u n d e r w a t e r p a r t s " , t h e ansvïer i s ; 
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a) A m i n u t e o b s e r v a t i o n o f t h e e n t i r e o u t s i d e s l o p e o f t h e b r e a k w a t e r 

was made i n t h e emersed zone, and i t v/as p r e c i s e l y t h a t m i n u t e 

o b s e r v a t i o n w h i c h p e r m i t t e d t h e d i s c o v e r y o f t h e e x i s t e n c e between 

p r o g r e s s i v e 828 and p r o g r e s s i v e 870 o f some b r o k e n or d i s p l a c e d d o l o s s e 

a n d , a t w a t e r l e v e l , some s t o n e f r o m t h e enrockment u n d e r l y i n g t h e 

d o l o s s e armor u n i t c o u l d be seen, an i n d i c a t i o n t h a t i n such s p o t 

d o l o s s e were b r o k e n o r d i s p l a c e d i n a l a r g e r q u a n t i t y . 

b) A s i m i l a r o b s e r v a t i o n i n t h e u n d e r w a t e r zone has n o t t a k e n p l a c e 

because i t c o u l d be c a r r i e d o u t o n l y by d i v e r s a n d t h e w e a t h e r 

c o n d i t i o n s d i d n o t p e r m i t t h e i r work. 

2. The " i n f o r m a t i o n o f o t h e r o r i g i n " r e f e r r e d t o i n y o u r l e t t e r i s unknown 

t o us. As t o t h e " s p o t " o b s e r v e d , v/e have a l r e a d y s a i d how i t v/as 

d i s c o v e r e d and i f t h a t " o t h e r o r i g i n " knew more a b o u t t h e s u b j e c t t h a n 

t h e I n s p e c t o r a t e and C o n d o t t e , i t d i d n o t appear i n due t i m e t o r e p o r t 

on i t s i n f o r m a t i o n . 

W i t h r e g a r d t o t h e " a l a r m i n g s u s p i c i o n s " t h a t t h e s p o t m i g h t c r e a t e t o 

an a t t e n t i v e and e x p e r i e n c e d o b s e r v e r , i t i s o b v i o u s t h a t a " s u s p i c i o n " 

- o r more t h a n s u s p i c i o n , a c e r t a i n t y - was c r e a t e d t h a t such zone 

needed t o be r e l o a d e d . And because o f t h a t , as i s a l s o s t a t e d i n o u r 

r e p l y : " t h e I n s p e c t o r a t e recommended t o C o n d o t t e , o r a l l y , t o c a r r y o u t 

t h e r e l o a d i n g o f t h a t zone between t h e m e n t i o n e d p r o g r e s s i v e s , w h i c h 

C o n d o t t e d i d , p l a c i n g by sea on J a n u a r y 26, 1978, 14 d o l o s s e , on 

J a n u a r y 27, 2978, 28 d o l o s s e and on F e b r u a r y 4, 1978, 14 d o l o s s e , i n a 

t o t a l o f 56; t h e r e m a i n i n g 20 d o l o s s e c a l c u l a t e d by t h e I n s p e c t o r f o r 

t h e r e l o a d i n g t o be c o m p l e t e c o u l d n o t be p l a c e d b e f o r e t h e s t o r m o f 

F e b r u a r y 26, 1978 due t o t h e c o n d i t i o n s o f t h e sea". 

3. T h a t t h e a r r a n g e m e n t s made by t h e I n s p e c t o r a t e a n d by C o n d o t t e 

r e g a r d i n g t h a t zone were a d e q u a t e and t h a t , t h e r e f o r e , t h e " a l a r m i n g 

s u s p i c i o n s " were g r o u n d l e s s i n s o f a r as t h e same zone was c o n c e r n e d i s 

d e m o n s t r a t e d by t h e f a c t t h a t between p r o g r e s s i v e s 828 and 870 t h e 

e f f e c t s o f t h e F e b r u a r y s t o r m s were n o t f e l t . 

4. No c l i m a t e o f a p p r e h e n s i o n was c r e a t e d , n o r c o u l d be c r e a t e d , i n viev/ 

o f what happened between p r o g r e s s i v e s 828 and 870, i n a d d i t i o n t o what 

was s t a t e d i n No. 2. 
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On t h e one hand and as was a l s o a l r e a d y s t a t e d , a m i n u t e v e r i f i c a t i o n 

h a d j u s t been c a r r i e d o u t a l o n g t h e e n t i r e b r e a k w a t e r and no s i m i l a r 

pheonomenon was f o u n d i n any o t h e r l o c a t i o n . 

On t h e o t h e r hand, t h e l i m i t a t i o n o f t h e zone w h i c h was h i t (52 

m e t e r s ) , t h e c i r c u m s t a n c e t h a t some s t o r m s o f a c e r t a i n i m p o r t a n c e had 

a l r e a d y o c c u r r e d , t h e f a c t t h a t i t was p a r t o f t h e v e r y c o n c e p t i o n o f 

t h e d o l o s s e armor u n i t t h a t , w i t h t h e p a s s i n g o f t h e y e a r s and t h e 

o c c u r r e n c e o f s t o r m s , e l e m e n t s s e t t l e down and r e i n f o r c e t h e i r 

i n t e r l o c k i n g , and, f i n a l l y , t h e c o n s i d e r a t i o n t h a t t h e t r u n k a t i s s u e 

h a d been b u i l t i n A u g u s t 1975 and, t h e r e f o r e , i f t h e r e was any k i n d o f 

d e f e c t i t w o u l d have m a n i f e s t e d i t s e l f l o n g ago, a l l c o n t r i b u t e d t o t h e 

t h o u g h t t h a t t h e phenomenon was n o t t o Ijecome g e n e r a l i z e d b u t r a t h e r t o 

be l o c a l l y r e m e d i e d . 

5. You r e f e r t o " s i m i l a r phenomenon, t h e t r a c e s o f w h i c h began a p p e a r i n g 

a l o n g t h e o u t s i d e s l o p e i n zones where, i n consequence o f t h e s t o r m s a t 

t h e end o f F e b r u a r y , t h e r e were t h e g r e a t e s t d e s t r u c t i o n s o f t h e 

d o l o s s e armor u n i t " . 

We do n o t know what t h o s e t r a c e s had been and by w h a t means t h e y were 

d e t e c t e d and e v a l u a t e d as " t r a c e s " . We ask y o u t h e f a v o r o f i n d i c a t i n g 

t h e m t o us so t h a t we can c o n s i d e r them. 

The e x a m i n a t i o n s w h i c h C o n d o t t e and t h e I n s p e c t o r a t e c a r r i e d o u t and 

t h e i r r e s u l t s a r e a l r e a d y r e c o r d e d i n t h e answers g i v e n t o t h a t 

Commission. 

I I - Answer t o p o i n t No. 2. 

1 . The s u r v e y o f B r i g a d e No. 1 o f t h e H y d r o g r a p h i c I n s t i t u t e c a r r i e d o u t 

between September/October 1975 and J a n u a r y 1976 were never b r o u g h t t o 

t h e c o g n i z a n c e o f C o n d o t t e ; t h e r e f o r e , we a r e n o t i n a p o s i t i o n t o 

i s s u e any o p i n i o n on i t . 

2. V7e c a n n o t f a i l b u t once a g a i n t o e x p r e s s o u r s u r p r i s e and r e g r e t i n 

s e e i n g t h a t t h e A r e a o f S i n e s Bureau had i n i t s p o s s e s s i o n documents 

w h i c h c o u l d , i n p r i n c i p l e , be o f i n t e r e s t t o t h e e x e c u t i o n o f t h e w o r k 

and w h i c h i t d i d n o t b r i n g t o t h e c o g n i z a n c e o f t h e c o n t r a c t o r . 
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The o n l y p l a u s i b l e e x p l a n a t i o n f o r t h a t o m i s s i o n i s t h a t t h e G.A.S. 

c o n s i d e r e d t h e d a t a g a t h e r e d and n o t e x h i b i t e d t o t h e c o n t r a c t o r t o be 

n o r m a l a n d w i t h o u t i m p o r t a n c e t o t h e e x e c u t i o n o f t h e work. 

B u t i f t h a t i s t h e case, i t a l s o seems t h a t , upon now p r e s e n t i n g t h e 

d a t a t o C.A.M.O.S. o r t o any o t h e r e n t i t y , i t s h o u l d have e x p l a i n e d t h e 

r e a s o n s f o r t h e o m i s s i o n w h i c h o c c u r r e d . 

I t happens, however, t h a t y o u r l e t t e r says "one c a n n o t f a i l b u t t o 

r a i s e t h e d o u b t as t o t h e q u a l i t y o f e x e c u t i o n , even t a k i n g i n t o 

c o n s i d e r a t i o n a l l o w a n c e s f o r e r r o r c h a r a c t e r i s t i c o f a m a r i t i m e work o f 

s u c h m a g n i t u d e " . 

C o n d o t t e c a n n o t l e t such a do u b t s u b s i s t , n o t even f o r a moment, and 

t h u s , w h i l e w a i t i n g f o r t h a t Coiranission - i f i t so sees f i t - t o 

f u r n i s h t o C o n d o t t e t h e s u r v e y s o f t h e B r i g a d e r e f e r r e d t o above, comes 

as o f now t o s t a t e t h e f o l l o w i n g r e g a r d i n g t h e seven c r o s s s e c t i o n s 

m e n t i o n e d i n t h e s a i d l e t t e r . 

a) C o n d o t t e has i n i t s p o s s e s s i o n and t r a n s m i t s h e r e w i t h c r o s s 

s e c t i o n s i n p l a c e s v e r y c l o s e t o t h e seven w h i c h were m e n t i o n e d : 

D i s t a n c e t o t h e o r i g i n Date 

b) These c r o s s s e c t i o n s were s u r v e y e d t o g e t h e r by C o n d o t t e and t h e 

I n s p e c t o r a t e . 

c ) The s u r v e y s were c a r r i e d o u t v ; i t h a manual d e p t h gauge, w h i c h , f o r 

a w o r k o f t h i s k i n d , c o n s t i t u t e s t h e p r o c e d u r e w i t h more a c c u r a t e 

r e s u l t s . 

a v a i l o u r s e l v e s o f t h i s o p p o r t u n i t y t o p r e s e n t t o y o u . S i r , o u r b e s t 

g a r d s . 

925 

945 

965 

985 

1005 

1025 

1065 

Sept 

Sept 

Oct. 

Nov. 

Nov. 

Nov. 

Dec. 

18, 1975 

22, 1975 

13, 1975 

8, 1975 

2 1 , 1975 

3, 1975 

17, 1975 

Very t r u l y y o u r s , 

SOCIETA ITALIANA PER CONDOTTE D'ACQUA 

Br a n c h O f f i c e i n P o r t u g a l - L i s b o n 

The D i r e c t o r 

Dr. Eng. Giuseppe P a o l e l l a 
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L I S T OF ANNEXES TO LETTER NO. 427/78 OF JULY 18, 1978 

2.a. - C r o s s s e c t i o n s of c o n s t r u c t i o n of the o u t s i d e s l o p e of t h e West 

Breakwater a t the f o l l o w i n g d i s t a n c e s to the o r i g i n : 925, 945, 

965, 985, 1005, 1025, 1065. 

* These were n o t a v a i l a b l e t o t h e P a n e l . 
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APPENDIX C 

R e p o r t o f t h e P o r t u g u e s e O f f i c i a l I n v e s t i g a t i n g Committee 

147 



MINISTÉRIO DAS FINANZAS 

E DO — PLANO 

GABINETE DE INFORI'lA^AO E RELAfÖES PÜBLICAS 

NOTA 

Por despachos conjuntos, de 28 de F e v e r e i r o de 1978 e de 1978 e de 20 de 

A b r i l do mesmo ano f o i c r i a d a , pelo Governo, uma Comissao de A n ^ l i s e do 

Acidente do ^5olhe Oeste de Sines, de tinada e efectuar um cuidadoso esame do 

acontecido, com averigua^So de eventuais responsabilidades. 

Poi e s s a Comissao integrada pelos seguintes membros: 

- Eng° Mêrio Pernandex, Inspector Geral do Conselho Superior de Obras 

Pu b l i c a s e Transportes, que p r e s i d i u ; 

- Eng? Armando Campos e Matos, professor c a t e d r a t i c o de Pontes e 

E s t r u t u r a s Especiaxs da Faculdade de Engenharia da Universidade do 

Porto; 

- Eng° E u r i c o Carrondo Tomé, Subdirector Geral de Portos, 

Após l a b o r i o s a e e x a u s t i v a actividade, deu a Comissao por findos os seus 

trabalhos, tendo entregue ao Governo o r e s p e c t i v e r e l a t d r i o , c u j a s conclusöes 

sao agora comunicadas a opiniao püblica. Apenas se a l t e r o u s a numerapao dos 

c a p i t u l o s (que se integrava como é evidente no sistema g e r a l do relatórxo) e 

se desenvolveram em nota de pê de pègnia, para esclarecimento, algiamas das 

s i g l a s u t i l i z a d a s . 

1. Conclusöes 

1.1. Na generalidade 

1.1.1. O molhe oeste de Sines c o n s t i t u i uma obra de engenharia de 

hidraülica maritima, de c a r a c t e r x s t i c a s i n v u l g a r e s , em p a r t i c u l a r pelo que 

r e s p e i t a ^ profundidade das dguas em que f o i implantado. 

Pode d i z e r - s e , como se tem d i t o , que se t r a t a dxarna das maiores obras 

do mundo do seu género, e que o r e s p e c t i v e p r o j e c t o r punha problemas que nao 

permitiam a sua condui?ao e resolupao em termos andlogos aos de muitas obras 

correntes que por esse mundo se vSo construindo. 
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O volvime dos investimentos envolvidos na empreitada n' 8/72, adjudicada 

h. Condotte ( 1 ) , e de qua o molhe oeste absorve c e r c a de 90% - perto de trés 

meihoes de contos, h p a r t i d a , a custos de 1973 - a t i n g i u em f i n s de 1977 

cerca de s e i s milhÖes de contos (5 910 037 c ) , tendo o GAS (2) p r e v i s t o 

pagamentos em 1978, no montante de 1 217 332 contos e em 1979 de 554 867 c ou 

s e j a , no t o t a l , o custo das obtras i n c l u i d a s na empreitada sobe para perto de 

o i t o milhoes de contos (7 682 236 c) , que nao i n c l u i qualquer verba cobrindo 

os extragos provocados pelo acidente. R e f i r a - s e , ainda, que as importências 

indicadas nao estao r e f e r i d a s a \ma mesma base do v a l o r da moeda. 

A simples men9ao destes numeros, poe em evidência a grandeza da obira, 

grandeza que, se outras razöes nao houvesse, b a s t a r i a para provocar uma pro

funda relexao da parte daqueles a quem f o i confiada a enorme responsabilidade 

de conduzir todo o grandiose eitpreendimento de S i n e s , no qual as obras 

portuèrias se inserem. 

Procurou-se ao longo de nove meses de investiga^iöes, cumprir o mandate 

que & Comissao de inquérito f o i outorgado pelo Governo, t a r e f a que nao f o i 

nera fécil, nem pode ser r^pida. 

De f a c t o , quer p e l a natureza da p r o p r i a obra, da qual uma parte muito 

importante dos seus elementos se encontram submerses, a profundiades que vao 

de (-30,00) a C-50,00), tornando d i f i c e i s , senao impossiveis, algumas 

averiguacöes, quer p e l a dependência da comissSo de inquërito, no que se 

r e f e r e k prontidao e conteüdo q u a l i t a t i v e das r e s p o s t a s , em relapao a 

numerosas entidades que forma i n q u i r i d a s , produzirma pareceres, elaboraram 

informa^öes e r e a l i z a r a m ensaios, sö por impondera^ao ou desconhecimento das 

d i f i c u l d a d e s , poderia esperar-se que a comissao de inquérito c o n c l u i s s e o 

seu trabalho em tempo mais curto do que o que efectivamente gasteu. 

A comissao tem a consciência de que, com as d i f i c u l d a d e s r e f e r i d a s e as 

limita^:öes decorrentes da afectapSo dos seus membros a t a r e f a s absorventes 

dentro das suas fun(?öes normais, e da sua separayao f£sica, produziu o seu 

trabalho com toda a isen9:ao e em tempo ütil, 

(1) S o c i e t y I t a l i a n a Per Condotte d'Acgua, 

(2) Gabinete da Area de S i n e s . 
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1.1.2. Um acidente do t i p o do que sofreu o molhe oeste de S i n e s , 

pode s e r devido a v a r i a s causas, conforme a comissao de inquérito jé teve 

ocasiao de d i z e r no relatório i n t e r c a l a r de 31 de Malo de 1978, e nesse 

pressuposto conduziu as pesquisas tentando perseguir v a r i a s p i s t a s , em trés 

grandes areas: o p r o j e c t o , a execujiao das obras, e a suq condu9ao e 

f i s c a l i z a p a o . 

O desenvolvimento das averiguaySes acabou por f a z e r r e s s a l t a r uma causa 

de natureza técnica como preponderante - a f r a g i l i d a d e dos dolos face as 

forpas que os s o l i c i t a m , embora enquadrada com outras no Smbito mais g e r a l 

da elaboraï^ao e organizajiao do p r o j e c t o , por um lado, e da capacldade e 

organizapao da entldade a quem coube conduzir todo o processo, o Gabinete da 

Area de Sines, por outro. 

Nas "conclusöes na es p e c i a l i d a d e " p6em-se em evidência os aspeotos 

averiguados ao longo da investiga?ao e que estao devidamente tratados no 

presente relatörio, com pormenor que se j u l g a adequado. 

1.1.3. Bm resume, o acidente s o f r i d o pelo molhe oeste de S i n e s , 

r e s u l t o u de causas•tëcnlcas, rel a c i o n a d a s com a elaborayao do próprlo p r o j e c t o , 

e poderia t e r sido eventualmente evitado, se causas I n s t i t u c i o n a i s , r e s p e i t a n t e s 

a organizapao e k capacldade do orgao condutor do p r o j e c t o , tivessem s i d o 

eliminadas. 

Quanto as p r i m e r l r a - causas tëcnlcas - referem-se uma deficiënte 

avaliapao de s o l i c i t a p o e s em grande parte motivada por carência de dados 

e s t a t i s t i c o s , a adop(;ao duma e s t r u t u r a com recurso a blocos a r t i f i c i a l s de 

proteccao, os dolos, muito controverses, sobre os quais nao ha v i a conceitos 

d e f i n i t i v e s e nenhuma experiência em Portugal, uma geometria do p e r f i l 

r e s i s t e n t e muito académica e de d i f i c i l execuffao, económica mas sem r e s e r v a 

de r e s i s t e n c i a (talude e x t e r i o r a 1,5:1), e uma pouoo apurada apreciapao dos 

ensaios em modelo reduzido que foram observados com "olhos muito h i d r a u l i c o s " 

e nao sofreram a contraprova de ensaios noutro laboratório conceituado. 

guanto h.s segunda, que deslgnamos por causas i n s t i t u c i o n a i s , queremos 

a l u d i r k f a l t a de capacldade técnica e o r g a n i z a t i v a do GAS para conduzir todo 

um processor que v a i desde a f a s e p r e l i m i n a r dos estudos até h execu9ao da obra. 

Nem a organlzapSo f o i adequada, nem as pessoas, quer as que i n t e r v i e r a m na 
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fase de elaborayao do projecto quer as que, depois, p a r t i c i p a r a m na condug:ao 

f i s c a l i z a ^ a o das obras, possuiam a bagagem técnica - conhecimentos teöricos 

e experiência v i v i d a - indispensèvel para obra de t a l natureza e tamanha 

envergadura. 

E s t a incapacidade do GAS, conjugada com uma c e r t a displicência, veio ao 

de cima, com c l a r e z a , nas próprias rela^JÖes com a comissao de inquérito, 

facto para o qual teve e s t a oportunidade de chamar a aten^iao do Governo em 

devido tempo. 

Finalmente, nao é p o s s f v e l ^ comissao de inquérito t i r a r conclusöes 

d e f i n i t i v a s em termos de, com absoluta t r a n q u i l i d a d e de consciência, poder 

afirmar que deficlências de execuyao da obra se poderao t e r adicionado as 

outras causas mencionadas, contribuindo para o acidente. E l i c i t o supor a 

ocorrência de deficlências de constrU(?ao, mas nao é p o s s i v e l provd-las. 

1.2. Na e s p e c i a l i d a d e 

Ao longo do relatório, em p a r t i c u l a r no n° 4-Apreciagao, vem 

analisados com o pormenor p o s s i v e l , face aos dados d i s p o n l v e i s , os aspectos 

relacionados oom o p r o j e c t o , com a constru?:ao e com a conduyao e f i s c a l i z a i y a o 

da obra. 

A e l e s nos referimos, a se g u i r , em s i n t e s e . 

1.2.1. Quanto ao projec t o 

Como norma g e r a l o p r o j e c t o deve s e r elaborado recorrendo 

a toda a informa9ao de base possxvel, por forma que os parêmetros que a 

condicionam s e j a n perfeitamente definidos e dignos de fé. 

O tempo que se gasta no p r o j e c t o poupa-se na execuyao da obra. O projecto 

consumiré o tempo que f o r necessario para desfazer todas as duvidas, por 

forma que a constru^ao se possa f a z e r sem hesita-yöes e sem solu^öes de 

descontinuidade. 

Apontam-se a seguir os aspectos que, no entender da domi sS or de 

inquérito, se consideram como tendo tido influência no a c i dente de 26 de 

Fe v e r e i r o de 1978. 
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1.2.1.1. O cl i m a de agita9Ho maritima n&o t e r ^ s i d o correctamente 

definido, principalmente em r e s u l t a d o da carência de dados e s t a t i s t i c o s , em 

numero e em qualidade dignos de confian^a. 

Baseram-se fundamentalmente, em dados colhidos na F i g u e i r a da Foz, durante 

7 anos, e r e g i s t o s de dois invernos duma bóiondografo posicionada ao lar g e de 

Sin e s . 

1.2.1.2. Em consequência, as a l t u r a s da onda s i g n i f i c a t i v a nas 

proximidades da obra ter3o sido deficientementes a v a l i a d a s , com todas as 

probabilidades de o terem sido por d e f e i t o , 

Por outro lado, e pelo que r e s p e i t a aos periodos de retorno, tambêm se 

pode s u s p e i t a r duma previsao e s t a t i s t i c a pouco c o r r e c t a , p o l s que a a l t u r a 

da onda s i g n i f i c a t i v a , = 8,5m corresponde, segundo os critêrios de 

pro j e c t o , a um periodo de retorno da ordem dos 10 anos, e segundo a a n d l i s e 

do INMG ( 3 ) , e s s e periodo e estimado em ce r c a de 5 anos. 

1.2.1.3. O p r o j e c t o nao contêm planos de ondulagiao, como ê norma em 

pr o j e c t o s desta natureza. 

Remete-se para um estudo de agitacao maritima no (entao) futuro porto de 

Sin e s , r e a l i z a d o para o GAS, por trés e s p e c i a l i s t a s do LNEC ( 4 ) , em regime de 

p r o f i s s a o l i b e r a l , que é nitidamente i n s u f i c i e n t e e nao permite t i r a r 

conclusöes d e f i n i t i v a s . 

Assim, os problemas da concentra9§o de energia, r e s u l t a n t e s da ocorrência 

de fenómenos de r e f r a c f a o , nSo foram averiguados embora m i l i t e a favor dos 

p r o j e c t i s t a s a f a l t a de elementos r e l a t i v e s d b a t i m e t r i a dos fundos, que deviam 

t e r exigido, e a circunstência de, até entao, nSo haver conhecimento da 

existëncia na costa portuguesa de ondas de grande periodo, ünicas para as 

quais o fenómene ê rele v a n t e . 

C3) I n s t i t u t o Nacional de Meterologia e Geofysica, 

(4) Laboratório Nacional de Engenharia C i v i l . 
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Nao obstante, a importència da obra e a sua l o c a l i z a ^ S o tornavam 

perfeitamente indispensdvel que t a l estudo t i v e s s e sido i n c l u i d o entre as 

pepas do p r o j e c t o . 

1.2.1.4. A geometria do p e r f i l r e s i s t e n t e do quabre-mar é muito 

académica e a r r i s c a d a , 

"Académica" porque os seus refinamentos geométricos sao imcompativeis 

com O S processes construtivos próprios das obras maritimas e practicamente 

impossiveis de controlar. I l l u s t r a - s e a afirmaySo com o exemplo da berma do 

prisma de apoio do manto de dolos que, com 3,00 m de l a r g u a r , h. c o t a (-15,00), 

e c o n s t i t u i d a por blocos n a t u r a l s de 16 a 20 T, nenhum c o n s t r u c t o r conseguiria 

executar, ainda que se argumente com o f a c t o , conhecido è. p o s t e r i o r i , de que 

O S ensaios em modelo reduzido, conduzidos em v d r i o s l a b o r a t o r i o s , revelaram 

que a berma, com t a l configura<?ao e dimensÖes, nSo era determinante no 

processo de r u l n a . 

" A r r i s c a d a " porque, com a preocupai^ao da economia de p r i m e i r o investimento -

O S volumes da obra crescem substancialmente com o s u a v i z a r dox t a l u d e s - se 

adoptou um talude do manto de proteccao a 1,5:1 que a prodencia e o bom sense 

desconselharia numa obra deste v u l t o , de mais com as i n c e r t e z a s e i n s u f i c i e n c i a s 

de informapSo que caracterizavam e clima de agitacao maritima, e portante, a 

defini9ao das s o l i c i t a ^ o e s . 

1.2.1.5. Optou-se por um t i p o de bleco a r t i f i c i a l de protec9ao, o 

dolo, sem que t a l decisae f o s s e apoiada em estudos comparatives com outros 

blocos a r t i f i c i a l s ha muito consagrades, estudos esses que h a v e r i a m de 

p r e s s e g u i r todas as f a s e s dum p r o j e c t o deste t i p o , i n c l u i n d o os ensaios em 

modelo reduzido. 

1.2.1.6. Adoptou-se, assim, na zona mais importante do molhe, um tipo 

de bloco extremamente controverse com v i r t u d e s muito e n a l t e c i d a s e d e f e i t e s 

muito pouce cenhecidos, e s t e s agravados p e l a extrapela9ao de diinensoes, e de 

que nao havia qulquer experiência em Portugal. 

F o i uma experiência ousada para um p a l s pegueno, embora s e compreenda que, 

historicamente, e dolo e r a a grande "vedeta" das obras maritlmas des p r i n c i p l e s 

dos anos 70, 3 se deva, por imperative de j u s t i 9 a , e l u c i d a r que s6 a p a r t i r de 

entao, comeparam a s u r g i r , aqui e além, as c r l t i c a s a um b l e c o d e proteccao 

de quebra-mares que se apresentara como quase milagroso, quando foi lan9ado. 
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Deve d i z e r - s e tambêm que é muito provdvel que, qualquer outro p r o j e c t i s t a / 

optasse pelo mesmo tipo de bloco que era , na a l t u r a , repete-se, a grande moda* 

A f a l t a de resistência estrutur.al dos dolos face ks solicitavöes a que 

estao submetidos por v i a de ac^So dinèmica das vagas, e x p l i c a a sua f r a c t u r a 

i n d i v i d u a l , a rot u r a do imbricamento e, portanto, a perda da e s t a b i l i d a d e 

global do manto dos dolos que, reduzidos a pe9as mais pequenas, se chocam unS 

contra os outros, provocando mais f r a c t u r a s e a r u i n a t o t a l do manto. 

O mecanismo teörico da rotura ê o que r e s u l t a da ap l i c a c a o de e s f o r c o s 

d i f i c i l m e n t e q u a n t i f i c d v e i s , no estado a c t u a l dos conhecimentos, que p r o v o c a ^ 

tensöes de trac^So no betao superior ks que este m a t e r i a l pode suportar. 

Os ensaios em modelo reduzido r e a l i z a d o s no Canadd em que, nos dolos, t^-^ 

simulada a r e s i s t e n c i a do betao k trac^ao, demonstraram que a explicayao p a r ^ 

O acidente que os próprios ensaios evidenciaram, f o i confirmada p e l a forma «3^® ' 

no modelo, tomou o p e r f i l após a r u i n a , a qual e r a inteiramente andloga a do 

protótipo após o acidente. 

Outrossim os ensaios r e a l i z a d o s no e s t a l e i r o da obra, sob a orientayao 

LNEC, u t i l i z a n d o o próprlo protótipo dos dolos, confirmaram a f r a g i l i d a d e 

destes blocos para ac^Öes e s t a t i c a s da ordem de grandeza do próprlo peso e, 

por maioria de razSo, para acyöes dinèmicas, como as que terSo de s o f r e r em 

s e r v i c e , que sao, de c e r t e z a , de e f e i t o s muito mais n e f a s t o s , 

1.2.1.7. Os ensaios, em modelo reduzido, r e a l i z a d o s no LNEC forarci 

apreciados muito do "èngulo hidraülico" e nada d o "éngulo e s t r u t u r a l " , 

apesar do a l e r t a lanyado em tempo oportuno. 

1.2.1.8. Embora nada tenha a ver oom a acidente, a project o nao 

considerou os problemas de conservapao do manto de dolos durante a vi d a da 

obra. De f a c t o , hé uma zona do mesmo manto, que nao ê a c e s s x v e l por q u a l q i i ^ " ^ 

equipamento corrente quer a p a r t i r da plataforma do quebra-mar, quer a p a r t 

do mar usando equipamento f l u t a n t e . A l i d s , s u b s i s t e n ddvidas quanto a 

p o s s i b i l i d a d e de repara^ao do manto de dolos, em termos de f i c a r assegurado 

o imbricamento, e s s e n c i a l para a seu comportamento. 
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1-2.2. Quanto a construcao 

apesar de todos os esforpos que desenvolveu p a r a apurare 

provar - a existëncia de d e f e l t o s de construcao, e de que dé conta o c a p i t u l o 

r e s p e c t i v e do presente relatório, & oorniniss5o de inquérito nao f o i P°ssivel 

demonstrar, sem margem para dtlvidas, a existëncia de f a c t o s , i m p u t ^ v e i s & 

construcao, s u s c e p t i v e i s , de, conjuntamente com outras causas, tere» c o n t r i -

buido para a r u i n a do quebra-mar. 

Dum modo g e r a l e x i s t e um consenso, a que nSo se assooiou o agr"?^"®"*" 

p r o j e c t i s t a BCL ( 5 ) , quanto k qualidade, em termos gi o b a i s , da o b r a executada. 

a comissSo de inquérito, ainda que admita a p o s s i b i l i d a d e da ocorrência 

de d e f e l t o s de construcSo para além dos que decorrem da d i f i o u l d a a e <3e 

execuySo do p e r f i l t a l como f o i concebido - s e r i a e s t u l t i o l a neg^-l» " 

r e i t e r a a sua posicSo de se considerar impossibiHtada de poder atrib"i»^ a 

d e f e l t o s de construcao algumas responsabilidades no colapso da e s t ^ a t u r a , por 

manifesta f a l t a de provas. 

i - 2 . 3 . Quanto & condugao e f i s c a l i z a y g o da obra 

Nao tem a comissao de inquérito düvidas de que a conduyao e 

a f l s c a l i z a c S o da obra nao estlveram h a l t u r a da sua importSncia e "^"^ 

problemas que punha, 

Ê c e r t o que se no Gas, e na fase do p r o j e c t o , t i v e s s e havido técnicos e/ou 

d i r i g e n t e s dotados de preparacSo adequada, em domïnio tao e s p e c i a l ^ " " ^ ^ " ^ 

se t i v e s s e p e r f i l h a d o outra soruySo. 

So nessa medida é que o organismo, dando uma prova p o s i t i v a <3S-

cidade, poderia t e r contribuido, a montante, para e v i t a r ou, p e l o r n e n o s , 

minimizar as consequências do temporal de 28 de F e v e r e i r o de 1978 -

Apesar d i s s o , j u l g a - s e de s a l i e n t a r quej 

(5) B e r t l i n - consulmtu: - Lusotecna. 

155 



1.2.3.1. O G A S nao f o i estruturado para conduzir um processo e 

f i s c a l i z a r uma obra de tanta envergadura. 

1.2.3.2. Nao se pcSe em düvida a honestidade das pessoas e a sua 

vontade de a c e r t a r , mas pÖe-se em düvida a sua competencia e aptidao para 

conduzir e o r i e n t a r o projecto e f e s c a l i z a r a obra. 

Mostrou-se que, com uma unica excep^ao, nenhum dos técnicos t i n h a 

qualquer experiência de obras maritimas, quer a n i v e l de preparayao t e o r i c a 

quer a n i v e l de execucSo. 

1.2.3.3. Nas f a s e s de elabora-^ao do p r o j e c t o e de apreciaqao das 

propostas, a i n e x i s t e n c i a de verdadeiros e s p e c i a l i s t a s , um que fosse, impediu 

que documentos importantes como o relatório do Danish H y d r a u l i c I n s t i t u t e e o 

manual encomendado pelo próprio G A S & In t e r p l a n Corporation, tivessem sido 

objecto de ponderada reflexSo e de didlogo com o agrupamento p r o j e c t i s t a e 

com O LNEC. 

Nao se percebe meso para gue ê que o llltimo s e r v i u , E, por certo, nao 

f o i elaborado a t i t u l o gracioso... 

1.2.3.4. A f a l t a de apreciap§o do pro j e c t o de quebra-mar por entldade 

técnica independente dos p r o j e c t i s t a s e do G A S , e acima de ambos, f o i uma 

lacuna importante, 

1.2.3.5. A f a l t a de organizayao da f i s c a l i z a p a o , a i n e x p e r i e n c i a 

dos seus agentes, com uma unica exceppao como se d i s s e , mas mesmo essa i r r e g u l a r 

e menos c o n s i s t e n t e , se ê ce r t o que poderd nao t e r nada a ver com a explicacao 

do acidente, impediu, porém, que se conhecessem, se de facto e x i s t i r a m , 

d e f e l t o s seriós de construyao, que elementos dignos de fé, organizados e 

sistematizados, pudessem ser postos k disposipao da comissao de inquérito, 

enfim impediu, de forma quase d e f i n i t i v a , que se conheiya com algum rigor a 

história da obra, 

1.2.3.6. O G A S cuidou mal da sua imagem externa. N S O se a c e i t a nem 

se compreende que um dos seus técnicos passasse para o s e r v i c e do empreiteiro 

e v o l t a s s e para o G A S , como se este n^o foss e o dono da obra e aquele o seu 

executante. N^o basta que a mulher de César s e j a honesta, é p r e c i s e tambem 

que o pare^a... 
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2. Responsabilidades 

2.1. Considerayoes g e r a i s 

O mandate conferido k comissao pelo despacho m i n i s t e r i a l de 28 de 

F e v e r e i r o , e x p l i c i t a a "averiguagiao de eventuais r e s p o n s a b i l i d a d e s " . 

Trate-se do ponto mais delicado da t a r e f a da CAMO sobre o qual e antes de 

mais, importa t e c e r algumas considerapon. 

Assim, e em primeiro lugar, é convicyao da comissao de quêrito que o 

agrupamento p r o j e c t i s t a - qualquer p r o j e c t i s t a - é c a r a a sua t a r e f a 

empenhadamente, pondo n e l a todas as suas capacidades, todo a seu s a b e r . 

Por uma razao, ou por outra - a urgência, a pressêo de quem encomenda o 

p r o j e c t o , a md definigiao das rela^öes entre os i n t e r v e n i e n t e s no processo, e t c . 

O p r o j e c t i s t a pode s e r insensivtimente levado a adoptar solug:öes, a tomar 

decisöes, nao completamente amadurecidas, mas i n f l u e n c i a d a s p e l a necessidade 

de s e r o b j e c t i v e , dinSmico de responder ao que Ihe pedem. 

Mas nao e s t a , pensa-se, de md consciência, nao estd a s e r n e g l i g e n t e . 

E O caso do c i r u r g i a o a quem o paciente morre nas maos nao obstante todos os 

seus esforyos, todo o investimento da sua ocupetência e do seu s a b e r , para o 

s o l v a r . Qua responsabilidades ê que se i l h e pedem, ou meihor, que a sociedade 

i l h e pede? 

Por outro lado, p r o j e c t a r ê c o r r e r r e s c o s . Por vezes, enormes. Hd que 

t e r e s t e aspecto em considerapao. 

Quem executa as obras tambem corre r i s c o s , os r i s c o s i n e r e n t e s 

execu^ao dos d i f e r e n t e s elementos da própria obra e hs pessoas que n e l a 

trabalham. E l i c i t o supor que, em grande parte dos casos, e sobretudo nas 

empresas grands, ao o b j e c t i v e do l u c r e - e a assunyao de r i s c o s ê lom dos 

f a c t o r e s que l e g i t i m a o l u c r o - se a s s o c i a o da defesa da i d e n e i d a d e da 

própria empresa, a sua imagem de marca. Nao se crê que uma. empresa de 

c a r a c t e r i s t i c a s i n t e r n a c i o n a i s , enverede deliberadamente p e l a f r a u d e . 

A funcao fiscalizag:do ê extremamente inportante mas tambem a q u i hd 

limita9Öes para a sua própria actuacSo, desde a f a l t a de meios, k i n c o n v e n i e n t e 

organiza9ae da sua e x t r u t u r a e k f a l t a de capacldade técnica i n t e r n a , per 

deficiënte ou i n s u f i c i e n t e cempresao de quem superintende. 
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Em resximo, a comissao de inquérito é de parecer que, neste dominio das 

responsabilidades a imputar, numa a n d l i s e r a c i o n a l , e desapaixonada, todas 

as circumstèncias atenuantes deverSo s e r ponderadas, na convic^ao em que e s t a 

de que todos procuraram dar o seu melhor. 

2.2. Imputav3.o de responsabilidades 

A comissao de inquérito r e i t e r a a sua inten^ao de nao imputar 

responsabilidades a pessoas, mas simplesmente a entidades j a que todos os 

trabalhos forma, na generalidade, r e a l i z a d o s por equipas, e a i n d i v i d u a l i -

zapao dessa imputaipio, além de d i f i c i l , poderia conduzir a r e s u l t a d o s i n j u s t o s . 

2.2.1. Agrupamento p r o j e c t i s t a BCL 

Vimos que (1.2.1.) o agrupamento p r o j e c t i s t a elaborou um 

p r o j e c t o com algumas deficlências, umas mais importantes do que outras. 

A mais importante de todas e que f o i a causa da r u i n a do quebra-mar, nao 

é propriamente \im erro de p r o j e c t o mas de concepcao, com a aceita<?ao p a s s i v a 

dum elemento da obra - o dolo - em que, como era corrente na época, se 

a c r e d i t a v a quase sem r e s e r v a s mas que s o f r e de muitos inconvenientes que, 

como se r e f e r i u , recomendam o uso da maxima prudência na sua aplicapao. 

Um outro aspecto em que a responsabilidade do grupo BCL é menos d i l u i d a 

é O que se r e f e r e ^ avaliapao do clima de agitacao maritima. Perante a 

i n s u f i c i e n c i a de dados nao foram adoptados os c o e f i c i e n t e s de seguranya que 

a prodência aconselha. 

Estamos c e r t o s que a reformula^ao do p r o j e c t o i r d conduzir a a l t u r a s de 

onda s i g n i f i c a t i v a s e a periodes de retorno muito d i f e r e n t e s dos considerados. 

A nao consideracao do problema da concentra^ao de energia em resultado 

dos fenómenos de refracpao c u j a ocorrência f i c o u prevada nos estudos em 

modelo matematico do LCHF ( 6 ) , do NRC (&) CCanadd) e do LNEC, e em modelo 

f i s i c o do primeiro, poderia t e r c o n s t i t u i d o a causa preponderante do acidente 

se, segundo os ensaios de Canada, o manto de dolos nao t i v e s s e ruido para 

uma a l t u r a de onda s i g n i f i c a t i v a muito i n f e r i o r h. onda do p r o j e c t o (11,0 m). 

(.6) Laborator i e C e n t r a l d'Hydraulique de France. 

(7) National Reserach Council. 
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Se i s s o nao t i v e s s e acontecido a comissao de inquérito t e r i a sido 

conduzida naturalmente a r e s p o n s a b i l i z a r o agrupamento p r o j e c t i s t a pelo 

que aconteceu. 

2.2.2. L.N.E.C. 

Nao obstante o p r e s t i g i o da i n s t i t u p a o , a actuapao do 

Laboratório Nacional de Engenharia C i v i l nao estd i s e n t a de c r l t i c a s . 

Com e f e i t e , f a l t o u na a l t u r a da observapao dos ensaios em modelo 

reduzido, a supervisao de alguém com experiência capaz de r e f l e c t i r sobre a 

chamada de atenyao do Eng° Vera Cruz, quando fez o ensaio com dolos de 

30 T 3 a l e r t o u para os problemas que a sua resistência mecênica podia l e v a n t a r . 

F o i pena que tudo se t i v e s s e confinado è "visao hidraülica" dos ensaios, 

que se o l v i d a s s e a apreensao do Eng° vera Cruz, e que nao t i v e s s e sido 

s o l i c i t a d a , como se impunha, a colaborayao dos e s p e c i a l i s t a s do sect o r de 

e s t r u t u r a s do LNEC. 

Ha, portanto, no processo uma c e r t a responsabilidade do LNEC. 

F o i pena, ainda, que os Relatórios I e I I r e s p e i t a n t e s aos ensaios 

r e a l i z a d o s em 1972/73, so viessem a s e r publicados - mas nSo divulgados -

com data de F e v e r e i r o e Janeiro de 1977, respectivamente. 

F o i pena, finalmente, que quem conduziu os ensaios, de que dao conta os 

relatórios I e I I , de F e v e r e i r o e Ja n e i r o de 1977, acima mencionados, 

t r a b a l h a s s e simultaneamente para o LNEC e para o BCL, o que, se nao tem 

implicacöes no plano moral, podera tê-las tido no plano dos compromissos 

i n t e l e c t u a i s e técnicos, e no seguimento do processo, 

2.2.3. G.A.S, 

A comissao de inquérito j u l g a t e r dado do GAS a imagem que 

Ihe corresponde. 

A sua responsabilidade reporta'-se h fase da elaborapao do projec t o e h 

f i s c a l i z a p a o da obra. 
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No prim e i r o caso, poderia t e r eventualmente contribuido para e y i t a r que 

se t i v e s s e adoptado xima soluc^o que v e i o a r e v e l a r - s e inseguar. 

No segundo, p e l a condu^So da f i s c a l i z a c a o em termos que nao foram 

c o r r e c t e s e que ter i a m h a b i l i t a d e a comissao de inquérito a conhecer a 

história da obra, com toda a f i d e l l d a d e , e a p e r m i t i r d e t e c t o r , com c l a r e z a 

e fundamente, os e r r o s de constru9ae que, porventura, t i v e s s e m s i d e cometidos, 

aos quais pudesse ser imputada responsabilidade no acidente, e r r o s que 

ninguêm ê capaz de provar, nem se j u l g a que h a j a meio de o f a z e r . 

E s t a a grande responsabilidade do GAS, c u j a acpao e o r i e n t a c S o é, no 

fim e no cabo, da responsabilidade de quem, no periodo mais r e l e v a n t e do 

empreendimento, exerceu as funpÖes de seu d i r e c t o r . 

2.2.4. S e c i e t d I t a l i a n Per Condotte d'Acqua 

As deficiências de execupao que i h e foram apontadas nao 

puderam s e r provadas, nem por quem as denuncieu, nem p e l a comissao de 

inquérito. 

O p r o j e c t o da obra nao é da a u t o r i a do empreiteiro e a u t i l i z a g i a o dos 

dolos nao f o i por e l e sugerida, 

A l i d s , demenstrou-se que o f a b r i c o dos blocos seguiu a s normas adequadas 

e o betao u t i l i z a c o a t i n g i u qualidade e resistência que nHo ê f a c i l u l t r a p a s s a r 

Os metodos de execupao, em p a r t i c u l a r a coloca^ao dos d o l o s , foram 

aprovados pel o dono da obra, com a adjudicayao. A contesta^^ao dos p r o j e c 

t i s t a s pelo que se r e f e r e h colocacao com equipamento f l u t u a n t e , nao f o i , na 

a l t u r a , considerada c o n s i s t e n t e pelo GAS que nao vetou, p o r t a n t o , a 

u t i l i z a p a o do mesmo. Deve r e f e r i r - s e que durante a r e p a r a p a o provisória 

foram usados sem reparos, os mesmos metodos e equipamento qu.e antes do 

acid e n t e . 

Sobre e s t e problema da responsabilidade por erros de e x e c u c S o , e x i s t e 

l e g i s l a ^ a o . Ê o Art°, do D.L. n° 48 871, de 19 de F e v e r e i r o de 1969, que a 

se g u i r se t r a n s c r e v e : 

"Art° 34° (Responsabilidades por e r r o s de execu^ao) 
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1. O empreiteiro ê responsdvel por todas as deficiências e e r r o s 

r e l a t i v e s ^ execu<?ao dos trabalhos, eu h qualidade, forma e 

dimensÖes dos m a t e r i a l s aplicados, quer quando o p r o j e c t o nao f i x e 

as normas a observar, quer quando sejam d i f e r e n t e s dos aprovados. 

2. A responsabilidade do empreiteiro c e s s a quando os e r r o s e v i c i o s 

de execucSo hajam resultado da obediência a ordens ou instruyöes 

e s c r i t a s t ransmitidas pelo f i s c a l da obra ou que tenham obtido a 

concordSncia expressa deste". 

Em conclusao, nao ê possxvel imputar quaisquer responsabilidades ao 

empreiteiro pelo acidente, derivadas de d e f e i t o s ou e r r o s de execu<?ao. 

2.3. Consequências da inputayao de responsabilidades 

O a s s e s s o r j u r i d i c o da comissao de inquérito, Dr. Deodato Nuno de 

Azevedo Coutinho, elaborou, com data de 22 de J a n e i r o de 1979, o parecer 

r e l a t i v e a responsabilidades e de que se t r a n s c r e v e a parte f i n a l : 

"Em conclusao; 

A matéria carreada para or processo — -

a) Nao aponta para que os autores do p r o j e c t o ou a emp r e i t e i r a devam 

s e r responsabilizados pelo danos causados p e l a s vagas do mar no 

molhe oeste do porto de Sines, em 26 de F e v e r e i r o de 1978; 

b) Denuncia a existëncia de f a c t o s , imputdveis a d i r i g e n t e s e técnicos 

do GAS, que se situam i n d i c i a r i a m e n t e no domxnio do i l x c i t o d i s c i -

p l i n a r , mas que nao sao, em s i , fonte de responsabilidade c i v i l . 

E s t e é o meu parecer". 

3. Conclusao f i n a l 

E p a recer da comissSo de inquérito que a causa determinante do acidente 

ocorrido em 26 de F e v e r e i r o de 1978, no molhe oeste de S i n e s , f o i a 

f r a g i l i d a d e e s t r u t u r a l dos blocos a r t i f i c i a l s u t i l i z a d o s no manto e x t e r i o r 

de protecyao do molhe (os d o l o s ) . 
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Entende tambem a comissao deixar aqui registado que se provou a 

p o s s i b i l i d a d e de ocorrência, no l o c a l da obra, de fenómenos de concentra^ao 

de energia das ondas, que poderiam, por s i s6 me mesmo com coniportamento 

e x t r u t u r a l satisfactório dos dolos, t e r causado a r u i n a da e s t r u t u r a , 

embora para a l t u r a s de onda superior kquelas para a quais se descadeou o 

processo de f r a c t u r a dos dolos. 

Nestas condipSes, e de acordo com o que f i c o u d i t o ao longo do relatório, 

dS O seu acordo ks conclusöes do paracer do a s s e s s o r j u r i d i c o mencionado no 

numero a n t e r i o r . 

Lisboa, 2 de Malo de 1979 
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APPENDIX D 

E v a l u a t i o n o f Wave C o n d i t i o n s a t S i n e s ; 

1. Wave C o n d i t i o n s o f f S i n e s , 22 F e b r u a r y t o 

2 March 78, by Lawrence Draper 

2. P o r t de S i n e s , Caractéristiques au L a r g e de 

l a Tempete t u 26 F e u r i e r 1978, by 

L a b o r a t o i r e C e n t r a l D ' H y d r a u l i q u e de France 
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E v a l u a t i o n o f Wave C o n d i t i o n s a t S i n e s 

22 F e b r u a r y t o 2 March,1979 

P r e p a r e d by Laurence D r a p e r 

J u l y 1978 
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WAVE CONDITIONS OFF SINES, PORTUGAL, 22 FEB. 78 - 02 MAR. 78 

LAURENCE DRAPER 

Wave c o n d i t i o n s o f f S i n e s have been e s t i m a t e d from m e t e o r o l o g i c a l 

c o n d i t i o n s , and v i s u a l o b s e r v a t i o n s of wave h e i g h t have been compiled and 

a n a l y z e d . The UK M e t e o r o l o g i c a l O f f i c e was asked to i n v e s t i g a t e the wind-

f i e l d s over an a r e a l y i n g between 5° and 40°W and between 30° and 50 N. 

Prom the r e s u l t s of t h e i r a n a l y s i s the wave c o n d i t i o n s have been computed 

f o r e v e r y t w e l v e hours (noon and midnight) w i t h the e x c e p t i o n of 0001 hr 23 

F e b r u a r y , f o r which the w i n d f i e l d data a r e not a v a i l a b l e . 

The r e s u l t s a r e e x p r e s s e d i n two formats: one i s a w a v e - f i e l d map f o r 

the a r e a c o n s i d e r e d for each t w e l v e - h o u r l y i n t e r v a l ; the o t h e r i s a p l o t of 

s i g n i f i c a n t wave h e i g h t a g a i n s t time f o r the s e a a r e a j u s t west of S i n e s 

( F i g u r e B - 1 ) . 

The wave h i n d c a s t s have been made u s i n g the IOS o c e a n i c wave p r e d i c 

t i o n g r a p h s ( D a r b y s h l r e and Draper, 1963); and the s w e l l component has been 

d e r i v e d based on an a n a l y s i s of s w e l l decay undertaken by the London 

Weather C e n t r e (Sykes 1975) . I t i s p e r t i n e n t here to p o i n t out t h a t as the 

w i n d - f i e l d a n a l y s i s does not cover the a r e a west of 40°W, no s w e l l from 

storms o u t s i d e t h i s a r e a i s taken i n t o account. T h i s i s probably un

i m p o r t a n t a t times of high p r e d i c t e d waves; f o r example, even an a d d i t i o n a l 

4-m h i g h s w e l l a r r i v i n g a t the time of the h i g h e s t p r e d i c t e d wave 

c o n d i t i o n s of 9.1 ra would s t i l l y i e l d a combined h e i g h t of l e s s than 10 m. 

However, the e f f e c t of s w e l l a r r i v i n g a t times of lower waves c o u l d r e s u l t 

i n the a c t u a l wave c o n d i t i o n s being s l i g h t l y higher than those p r e d i c t e d . 

An i n s p e c t i o n of the North A t l a n t i c weather maps shows no s i g n i f i c a n t 

s o u r c e of s w e l l , e x t e r n a l to the a r e a c o n s i d e r e d , c a p a b l e o f a f f e c t i n g the 

s i t e a t the times when high waves were p r e d i c t e d , and v e r y l i t t l e a t other 

t i m e s . However, a s i t i s n e c e s s a r y to undertake a d e t a i l e d m e t e o r o l o g i c a l 

study to i d e n t i f y low to moderate w i n d - f i e l d s a c c u r a t e l y , t h i s s i m p l e type 

of assessment cannot be r e l i e d on to guarantee the absence of s w e l l from 

e l s e w h e r e . 
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FIGURE D-1 

COMPARISON OF WAVES HINDCASTED BY DRAPER 

WITH THE VISUAL SHIPBOARD OBSERVATIONS AND THE 

MEASURED WAVES AT CABO DA ROCA 
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The UK M e t e o r o l o g i c a l O f f i c e has l i s t e d v i s u a l e s t i m a t e s o f wave 

c o n d i t i o n s . The h e i g h t s o f t h o s e w i t h i n a b o u t 3° o f l o n g i t u d e o f t h e 

P o r t u g u e s e c o a s t o f f S i n e s have been a b s t r a c t e d and an average t a k e n ; t h e y 

have a l s o been p l o t t e d on F i g u r e 1 . W h i l s t v i s u a l o b s e r v a t i o n s en masse 

a r e u s e f u l i n c o m p a r i n g one a r e a w i t h a n o t h e r , i n d i v i d u a l o b s e r v a t i o n s a r e 

o f l i t t l e v a l u e and t h e a v e r a g e o f a s m a l l number o f them s h o u l d be t r e a t e d 

w i t h c o n s i d e r a b l e c a u t i o n . T here a r e f o u r o c c a s i o n s when t h e r e a r e e i t h e r 

one or no v i s u a l o b s e r v a t i o n s n e a r b y ( u s u a l l y a t n i g h t ) so a d j a c e n t f i g u r e s 

a r e j o i n e d by a d o t t e d l i n e . However, t h e s e o b s e r v a t i o n s do seem t o f o l l o w 

t h e b r o a d p a t t e r n o f t h e p r e d i c t i o n s f r o m w i n d and add a l i t t l e c o n f i d e n c e 

t o t h e p r e d i c t i o n s . I n a d d i t i o n , t h e few a v a i l a b l e s i g n i f i c a n t h e i g h t s 

f r o m t h e w a v e r i d e r a t Roca a r e p l o t t e d on F i g u r e 1 . These a g a i n , a l t h o u g h 

i n t e r m i t t e n t , a r e c o m p a t i b l e w i t h t h e p r e d i c t i o n s and v i s u a l o b s e r v a t i o n s , 

a l t h o u g h t h e h i g h e s t measured v a l u e i s a l i t t l e l o w e r t h a n t h e h i g h e s t 

p r e d i c t e d v a l u e . 

The n u m e r i c a l v a l u e s o f s i g n i f i c a n t wave h e i g h t a r e l i s t e d i n 

t a b l e 1 , t o g e t h e r w i t h t h e p r e d i c t e d z e r o - c r o s s i n g p e r i o d . 

R a r i t y o f t h e E v e n t 

A s i m p l e a n a l y s i s by t h e UK M e t e o r o l o g i c a l O f f i c e s u g g e s t s t h e 

f o l l o w i n g h o u r l y - m e a n w i n d speed f o r t h e P o r t u g u e s e c o a s t o f f S i n e s . 

50 y r 62 kn 

10 y r 56 kn 

1 y r 48.5 kn 

The M e t e o r o l o g i c a l O f f i c e s t u d y (once e v e r y 12 h o u r s ) s u g g e s t s t h a t 

w h i l s t h o u r l y - m e a n w i n d s i n excess o f 60 kn were p r e s e n t a t a b o u t 40°N and 

between 20° and 30°W a t 1200 hr on 25 F e b r u a r y , and p o s s i b l y up t o 70 k n , 

and t h a t t h e r e were w i n d s o f o v e r 50 kn a t a b o u t 20°W a t 0000 h r on 26 

F e b r u a r y , t h e s e v e r y s e v e r e w i n d s d i d n o t p e r s i s t l o n g a t S i n e s i f t h e y 

were a c h i e v e d a t a l l . A c c o r d i n g l y , i t may be assumed t h a t w h i l s t t h e w i n d -

f i e l d a t or near S i n e s may n o t have been worse t h a n , o r may even n o t have 

a c h i e v e d , t h e 10-year l e v e l , t h e s w e l l a r r i v i n g a t t h e c o a s t w o u l d p r o b a b l y 

have been more s e v e r e t h a n t h e S i n e s w i n d s i n d i c a t e d , b u t t h a t t h e r e i s no 

f i r m e v i d e n c e on w h i c h t o base an o b j e c t i v e assessment o f t h e r a r i t y o f t h e 

e v e n t . I t i s p o s s i b l e t h a t t h e average r e t u r n p e r i o d o f t h e waves was o f 

t h e o r d e r o f 10 y e a r s . 
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TABLE 1 

SIGNIFICANT WAVE HEIGHTS IN METERS, ZERO-CROSSING PERIOD IN SECONDS 

Date Time P r e d i c t i o n V i s u a l ROCA 

1978 GMT H_̂  T, H H 

22 Feb. Noon 3.2 

18 

23 00 

06 

23 Noon 5.6 7 6.3 5.85 

18 5.4 6.4 

24 00 4.3 8 3.2 4.8 
06 3.4 4.9 

24 Noon 3.5 7 5.6 

18 

25 00 4.9 8 

06 

25 Noon 3.6 7 4.9 

18 5 

26 00 5.9 13 5.6 

06 6-5 6.4 

26 Noon 9.1 14 7.9 8.2 

18 5 6.6 

27 00 4.5 11 5.4 5.4 

06 6.5 

27 Noon 3.0 8 5.3 
18 6.1 

28 00 4.0 9 3.2 

06 3.4 

28 Noon 5.0 9 4.5 

18 5.9 

01 Mar. 00 5.3 10 5.7 
06 5.7 

01 Noon 2.9 6 4.8 

18 3.4 

02 00 2.1 8 

06 

02 Noon 2.1 8 
18 5.1 
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LABORATOIRE CENTRAL D'HYDRAULIQUE DE FRANCE 
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1 - INTRODUCTION 

Le 26 F e v r i e r 1978, une tempete s e v i s s a n t au l a r g e des c o t e s du 

PORTUGAL, a cause des dommages i m p o r t a n t s a l a d i g u e de p r o t e c t i o n <3u p o r t 

en c o n s t r u c t i o n a SINES. 

La bouee de h o u l e m o u i l l e e a 1 ' e x t e r i e u r du p o r t a y a n t c esse d ' e m e t t r e 

e t de r e n s e i g n e r s u r l e s h o u l e s a l a c o t e , l a "SOCIETA ITALIAN'^ PER 

CONDOTTE D'ACQUA" a demande au L a b o r a t o i r e C e n t r a l d ' H y d r a u l i q u e d e F r a n c e 

(L.C.H.F.) de d e t e r m i n e r l e s caractéristiques de c e t t e t e m p e t e a u l a r g e u 

p o r t a l ' a i d e des données d i s p o n i b l e s pour d ' a u t r e s s i t e s ou d e s e t u d e s 

s p e c i f i q u e s s u s c e p t i b l e s d ' e t r e r e a l i s e e s . 

Le p r e s e n t r a p p o r t p r e s e n t e l e s c o n c l u s i o n s d e d u i t e s de 1 ' e x a m e n , de 

1 ' i n t e r p r e t a t i o n e t de l a s y n t h e s e des données a i n s i reünies. A f i " "3"^ 

l e c t u r e en s o i t a i s e e , i l e s t c o n s t i t u e d'un t e x t e l i m i t e a 1 ' e s s e n t i a l e t 

c o m p l e t e par des annexes r e l a t i v e s aux p r i n c i p a l e s s o u r c e s d ' i n f o r " " ^ * " ^ " " ^ 

u t i l i s e e s . 
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2 - GENESE DE LA TEMPETE 

Au c o u r s du mois de F e v r i e r 1978, une s i t u a t i o n d e p r e s s i o n n a i r e a 

p e r s i s t e s u r 1 ' A t l a n t i q u e Nord. 

- du 15 au 20 F e v r i e r , une p r e m i e r e d e p r e s s i o n e s t r e s t e e q u a s i s t a t i o n -

n a i r e avec des minimums b a r o m e t r i q u e s , c o m p r i s e n t r e 944 e t 984 mb, 

- du 2 1 au 23 F e v r i e r , une seconde d e p r e s s i o n a m a i n t e n u des zones de 

basse p r e s s i o n au n i v e a u du C e n t r e A t l a n t i q u e N o r d , 

- du 24 au 28, une n o u v e l l e p e r t u r b a t i o n , avec des d e p r e s s i o n s a l l a n t 

g r a d u e l l e r a e n t de 948 a 980 mb, d'a b o r d peu m o b i l e , s ' e s t d e p l a c e e v e r s 

l e NE. 

C e t t e c i r c o n s t a n c e , d'un t y p e c l a s s i q u e en h i v e r , a engendre des 

v e n t s v i o l e n t s , p a r f o i s s u p e r i e u r s a 60 noeuds, q u i o n t a l e u r t o u r l e v e au 

l a r g e des vagues a y a n t a t t e i n t l e s o o t e s du PORTUGAL l e 26 F e v r i e r 78 ou 

e l l e s se s o n t comblnees avec c e l l e s d'une f o r t e mer de v e n t causees par l a 

p o s i t i o n a l o r s a t t e i n t e par l a d e p r e s s i o n . 

On p e u t des m a i n t e n a n t r e m a r q u e r , pour f i x e r un p r e m i e r o r d r e de 

g r a n d e u r que 1 ' a p p l i c a t i o n des abaques de BREITSCHNEIDER a une s i t u a t i o n 

de ce t y p e ( v e n t de 60 noeuds pendant 12 h s u r un f e t c h de 800 rallies) 

c o n d u i t a p r e v o i r des a m p l i t u d e s e t p e r i o d e s s i g n i f i c a t i v e s de 10 m e t 

12,5s r e s p e c t i v e m e n t , v a l e u r q u i , de par l a s t r u e t u r e de l a h o u l e , s e r o n t 

nécessairement depassees par l e s p l u s f o r t e s v a g u e s . 
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3 - MESURES DIRECTES (SUR BOUEES DE HOULE) 

3.1 - INTRODUCTION 

Le long des c o t e s du PORTUGAL, des mesures sur bouee de houle s o n t 

e f f e c t u e e s en p r i n c i p e t o u t e s l e s 6 h e u r e s , a CABO DA ROCA a 100 km au nord 

de SINES, a i n s i qu'a 1 ' e x t e r i e u r e t a 1 ' i n t e r i e u r du p o r t de SINES. Cepen' 

dant, l a bouee de SINES e x t e r i e u r a c e s s e d'emettre e n t r e l e 25 a 12 h e t 1® 

27 a 12 h, e t l a bouee SINES i n t e r i e u r n'a ete mise en s e r v i c e que l e 25 ^ 

18 h. Seu l e 1 

c e t t e p e r i o d e . 

3.2 - RÉSULTATS 

Le t a b l e a u c i - d e s s o u s i n d i q u e , pour l e s 25 e t 26 F e v r i e r , 

a m p l i t u d e s d i t e s "H max"* pour SINES e t d i t e s "H s i g n i f i c a t i f " pour C M O 

ROCA e t l a p e r i o d e mesuree, (pe r i o d e moyenne " z e r o c r o s s i n g " ) . 

Bouee SINES e x t . Bouee SINES i n t . Bouee CABO DA ROCA 

Date Heure (H max en m) (H max en m) (Hs en ra) (To e n ^' 

25 00 6,8 - 4,7 8 ,3 

06 10,6 - 4,0 8 ,6 

12 7,8 3,1 4,0 8 ,4 

18 - 2,8 4,3 8 , 4 

26 00 - 3,2 5,0 8 , 6 

06 - 3,0 7,0 1 3 ,0 

12 - 3,0 8,5 13_^5. 

18 - 3,4 5,9 1 2 , 9 

En f a i t d e d u i t e s d ' e n r e g i s t r e m e n t s de 10 minutes, c o r r e s p o n d a n t a «J^ie 

p o p u l a t i o n de l ' o r d r e de 50 vagues seulement. 
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I I r e s u l t e des v a l e u r s c i - d e s s u s , p l u s i e u r s résultats i m p o r t a n t s q u i 

p e r m e t t e n t d'établir l e s caractéristiques de l a mer, au l a r g e de SINES, a 

c e t t e epoque: 

a) - Les e n r e g i s t r e m e n t s a y a n t eu l i e u t o u t e s l e s 6 h e u r e s , ü p a r a i t 

e v i d e n t c o m p t e - t e n u de 1'heure du d e b u t du paroxysme a SINES - que 

1 ' a m p l i t u d e s i g n i f i c a t i v e au paroxysme a CABO DA ROCA a a t t e i n t 9 m. 

( V o i r f i g . 3 de 1'annexe 2 ) . 

b) - La c o r r e l a t i o n que l ' o n p e u t f a i r e ( v o i r f i g . 2 annexe 2) e n t r e l e s 

v a l e u r s d i t e s "H max" pour SINES e t "H s i g " pour CABO DA RO^A a m o n t r e 

que c e t t e meme v a l e u r de 9 m caractérise a u s s i l e "H s i g " l a r g e de 

SINES. 

(Rappelons que, en t h e o r i e , l a " h a u t e u r s i g n i f i c a t i v e " d'une h o u l e 

e s t l a moyenne des a m p l i t u d e s du t i e r s des p l u s h a u t e s v a g u e S , cependant 

que 1 ' a m p l i t u d e maximale, par d e f i n i t i o n e s t l a p l u s h a u t e d e n i v e l e e 

c r e u x - c r e t e o b s e r v a b l e dans un e n r e g i s t r e m e n t donne. L o r s q u e c e t e n r e g i s -

t r e r a e n t e s t s u f f i s a m m e n t l o n g "H max" v a u t 1,8 f o i s H s envir°") • 

c) - La p e r i o d e moyenne au paroxysme, e n r e g i s t r e e , s o i t l 3 , 8 s i m p l i q u e 

des v a l e u r s n e t t e m e n t p l u s l o n g u e s pour l e s vagues b i e n formées l e s 

p l u s h a u t e s . Les r e l a t i o n s u s u e l l e s ( C f . p a r exemple S I B U L , c i t e p a r 

WIEGEL) i m p l i q u e n t a l o r s , pour l e s p l u s h a u t e s v a g u e s , <3es p e r i o d e s 

de 17 a 20 s. 

En c o n c l u s i o n , l e s mesures d i s p o n i b l e s , pour c e t t e t e m p e t e e t dans 

c e t t e p a r t i e du l i t t o r a l i n d i q u e n t : 

- une a m p l i t u d e s i g n i f i c a t i v e de 9 m, 

- une p e r i o d e moyenne de p r e s de 14 s e t par c o n s e q u e n t d e S vagues l e s 

p l u s h a u t e s , de 12 a 16 m avec des p e r i o d e s a s s o c i e e s a e 17 a 20 s au 

l a r g e du p o r t . 

- P r a n o h i s s e m e n t de l a d i g u e a basse-mer, p a r des vagues a a ^ ^ " * ^ emporte 
deux o u v r i e r s . 
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4 - INFORMATIONS COMPLÉMENTAIRES 

4.1 - INTRODUCTION 

Parmi l e s a u t r e s i n f o r m a t i o n s d i s p o n i b l e s p r e c i s a n t l e s o r d r e s de 

gr a n d e u r des caractéristiques de l a t e m p e t e , nous avons r e t e n u l e s 

s u i v a n t e s : 

- l e s o b s e r v a t i o n s de n a v i g a t e u r s e t l e s o b s e r v a t i o n s v i s u e l l e s de h o u l e 

d e p u i s l a c o t e , 

- l e s p r e v i s i o n s de h o u l e , 

- l a r e c o n s t i t u t i o n p a r une methode de c a l c u l d i t e "DSA" ( d e n s i t e spec

t r a l e a n g u l a i r e ) m i s e au p o i n t par l a m e t e o r o l o g i e f r a n c a i s e , 

- l e s e n r e g i s t r e m e n t s r e a l i s e s en d ' a u t r e s s i t e s , 

- l e s t e m o i g n a g e s , l e s f i l m s , l e s p h o t o s . 

Compte t e n u de 1 ' i m p r e c i s i o n ou du caractère s u b j e c t i f de c e r t a i n e s 

d ' e n t r e e l l e s , nous l e s c o n s i d e r o n s p l u t o t comme des i n d i c e s v e n a n t r e n -

f o r o e r l e s f a i t s d e j a présentés c i - d e s s u s . L'annexe 3 p r e c i s e l e s i n f o r m a 

t i o n s reusmees c i - a p r e s . 

4.2 - OBSERVATIONS DE NAVIGATEURS 

4.2.1 - Ob£e£vati^ons_au la£ge 

P l u s i e u r s n a v i g a t e u r s o n t r e s s e n t i l a p r e s e n c e du paroxysme de 1 ' a g i 

t a t i o n e n t r e l e 25 e t l e 26 avec des h o u l e s e t / o u des mers de v e n t a t t e i -

g n a n t j u s q u ' a 18 ra de h a u t e u r s i g n i f i c a t i v e , l e s p e r i o d e s , également s i 

g n i f i c a t i v e s , a t t e i g n a n t 15 s. 

4.2.2. - Ob£e£vati^ons_fac^ aux c o t e s du_PORTUGAL 

Le paroxysme raesure dans un c e r c l e de 200 km de r a y o n a u t o u r de SINES 

a v a i t , d ' a p r e s l e s n a v i g a t e u r s l e s v a l e u r s s u i v a n t e s : 

l e 26 a 00 h Hs = 12, ,3 ra Ts = 9s D = 300° 

l e 26 a 6 h Hs = 14, ,7 ra Ts = l i s D = 310° 

l e 26 a 12 h Hs = 9, ,6 ra Ts = 10,4s D = 288° 

l e 26 a 18 h Hs = 10, ,3 ra Ts = 12,5s D = 290° 

4.2.3 - Ob^e£vati^ons_vd^suelles_depuis^ l a _ o o t e 

Les o b s e r v a t i o n s v i s u e l l e s e f f e c t u e e s a CABO DA ROCA f o n t r e s s o r t i r 

un p r e m i e r paroxysrae l e 25 a 6 h a y a n t une a m p l i t u d e s i g n i f i c a t i v e de 5¬

7 m, e t un second l e 26 avec 4-6 ra. 
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4.3 - PREVISION DE HOULE 

4.3.1 - Pr e vi^s i^on a u _ l a r 2 e _ 

Le maximum d ' a g i t a t i o n p r e v u e n t r e l e 20 e t l e 28 F e v r i e r s ' e s t 

d e p l a c e , comme c e l a e s t i n d i q u e dans l ' a n n e x e 4, a t t e i g n a n t son paroxysme 

l e 25 a 12 h avec une a m p l i t u d e H -|̂ /-|̂ Q de 10,4 m. 

4.3.2 - Previ^si^on £our_les_cotes_du EORTUGAL_ 

De nombreuses p r e v i s i o n s de 1 ' a g i t a t i o n , d ' a i l l e u r s c o n t r a d i c t o i r e s , 

on e t e f a i t e s . I I en r e s s o r t que pour l e 25, l e s a m p l i t u d e s s o n t de 

l ' o r d r e de 5 m a l o r s que pour l e 26 e l l e s a t t e i g n e n t ou d e p a s s e n t 10 m (H 

i / i o ' • 

4.4 - RECONSTITUTION PAR LA METHODE DSA 

4.4.1 - I . n t r o d u c t i o n _ 

A n o t r e demande, l a s e c t i o n m a r i t i m e du s e r v i c e m e t e o r o l o g i e 

m e t r o p o l i t a i n de P a r i s a p r e c e d e au c a l c u l des caractéristiques <3e l a 

temp e t e p a r l a methode d i t e DSA ( d e n s i t e s p e c t r a l e a n g u l a i r e ) . 

Ce c a l c u l permet de c o n n a i t r e a des i n t e r v a l l e s de temps r a p p r o c h e s -3 

h e u r e s dans oe cas - l e s caractéristiques de 1 ' a g i t a t i o n s u i v a n t t r o i s 

s p e c t r e s : d i r e c t i o n , a m p l i t u d e e t p e r i o d e - Ces " s o r t i e s " e t a n t o b t e n u e s 

pour des p o i n t s p r e d e t e r m i n e s , nous avons o h o i s i 6 p o i n t s p r o c h e s d e SINES 

e t 6 a u t r e s p o i n t s , 3 v e r s l e s c o t e s m a r o c a i n e s e t 3 v e r s l e cap p i n i s t e r e 

a f l n de p e r r a e t t r e des recoupements e v e n t u e l s avec d ' a u t r e s o b s e r v a t i o n s , 

4.4.2 - P r i n c i p e d e _ l a methode 

La methode mi s e au p o i n t p a r l e s e r v i c e m a r i t i m e de l a m e t e o r o l o g i e 

m e t r o p o l i t a i n de P a r i s , a p p e l e e D e n s i t e S p e c t r a l e A n g u l a i r e (DSA) c o n s i s t e 

en un modele mathematique p e r m e t t a n t l e c a l c u l en un p o i n t d o n n e des 

caractéristiques s p e c t r a l e s de 1 ' a g i t a t i o n . Ce c a l c u l e s t e f f e c t u e en 

u t i l i s a n t l e s f o r m u l e s c l a s s i q u e s de t r a n s f e r t s d ' e n e r g i e e n t r e l e v e n t e t 

l a mer, un sous progrararae e t a b l i s s a n t l e s m o d i f i c a t i o n s d e s 

caractéristiques a i n s i c a l c u l e e s pour t e n i r compte de l a p r o p a g a t i o n . 

P r e c i s o n s que ce raodele a e t e a j u s t e p u i s c o n t r o l e p a r c a l c u l a p o s t e r i o r i 

de s i t u a t i o n e f f e c t i v e m e n t raesurees p a r l e s donnees f o u r n i e s p a r p l u s i e u r s 

f r e g a t e s raeteorologiques. 
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4.4.3 - Résultats 

Le t a b l e a u c i - d e s s o u s resume l e s caractéristiques de 1 ' a g i t a t i o n r e -

c o n s t i t u e e pour l e p o i n t 1331, que l ' o n peut q u a l i f i e r de "au l a r g e de 

SINES" ( v o i r schema 1 de l'annexe 2 ) . 

CARACTÉRISTIQUES DE L'AGITATION - POINT 1331 

Amplitude (H ^/^^) 

Date Heure (ra) 

25 12 6,2 

15 6,7 

18 7,0 

21 7,6 

Periode correspondant D i r e c t i o n correspondant 

au max. d' e n e r g i e (s) au max. d'energie 

10 

10 

10 

10 

(•JNW 

26 00 

03 

06 

09 

12 

15 

18 

21 

7,7 

8,5 

8,5 

8,4 

8,5 

8,4 

8,0 

7,6 

10 

19 

19 

16 

16 

16 

16 

16 

WNW 

27 00 6,6 16 

Le maximum d'energie t o t a l e , ou moment d'ordre z e r o , a e t e c a l c u l e 

e g a l a 4,52 m^ pour c e p o i n t l e 26 a 12 h, dont p l u s de 60% e t a l t c o n c e n t r e 

pour des p e r i o d e s s u p e r i e u r e s a 14,5s e t des d i r e c t i o n s c o m p r i s e s e n t r e Vï 

e t NW. 

L'annexe 2 q u i p r e s e n t e l e s résultats complets de c e t t e r e c o n s t i t u 

t i o n montre que l e _ garoxysme_de J.a_t^mpe_te_e^t_caracte£i^ejpar_l£S_valeur^s 

^ u i y a n t e s : 

- amplitude (H -^/-^Q) <3e l ' o r d r e de 9 ra, 

- d i r e c t i o n de provenance: e n t r e W e t NW, 

- p e r i o d e s du (H , / , „ ) : e n t r e 16 e t 19s. 

192 



4.5 - LES ENREGISTREMENTS m D'AUTRES SITES 

Nous avons pu e t u d i e r l e s e n r e g i s t r e m e n t s de h o u l e e f f e c t u e s d e v a n t 

l e s c o t e s du Maroc e t dans 1 ' e s t u a i r e de l a G i r o n d e ( F r a n c e ) . Pour ce meme 

26 F e v r i e r , 11 e s t n e t t e m e n t e t a b l i en ces p o i n t s que l e s vagues l e s m i e u x 

formées e t l e s p l u s f o r t e s (14,6 m au Maroc, 9,2 m dans l a G i r o n d e ) a v a i e n t 

des p e r i o d e s de 20-22 secondes. Les r a p p o r t s e n t r e T max e t To d'une p a r t , 

H max e t H s d ' a u t r e p a r t étaient r e s p e c t i v e m e n t egaux a 2 e t 1,6. 

4.6 - FILM, PHOTOS 

Un f i l m a e t e r e a l i s e p e n d a n t l a tempete e t de nombreuses p h o t o s o n t 

e t e p r i s e s . I I en r e s s o r t que: 

- l a p e r i o d e des vagues, d e d u i t e de c e l l e des j a l l l i s s e m e n t s , f i l m e e , 

e t a i t de 18 s en moyenne, 

- c e s j a l l l i s s e m e n t s , a t t e i g n a n t une c e n t a i n e de m e t r e s , o n t e t e p h o t o 

g r a p h i e s , ce q u i l a i s s e supposer des vagues i n c i d e n t s de 16-17 m (en 

a d r a e t t a n t que l a h a u t e u r d'un j a i l l i s s e m e n t s u r un parement v e r t i c a l 

e s t e g a l e a 6 f o i s 1 ' a r a p l i t u d e i n c i d e n t e ) . 

4.7 - CONCLUSION 

Les i n f o r m a t i o n s complémentaires r e c u e i l l i e s - q u i s o n t d e t a i l l e e s 

dans l ' a n n e x e 4 - p e r m e t t e n t done de c o n f i r m e r l e s v a l e u r s d e d u i t e s d u 

c a l c u l p o u r l e s caractéristiques de l a tempete . S i l a p r e c i s i o n de ces 

i n f o r m a t i o n s e s t p a r f o i s d i s c u t a b l e l e u r c o n v e r g e n c e d'ensemble e t l e u r 

bon a c c o r d avec l e s donnees i n d i s o u t a b l e s c o n d u i t f i n a l e m e n t a une c e r t i 

t u d e dans 1 ' a p p r e c i a t i o n des phenomenes. 
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5 - CONCLUSIONS 

Compte t e n u des e l e m e n t s c i - d e s s u s , l e s p r i n c i p a u x e l e m e n t s c a r a c t e -

r i s a n t aux l a r g e s de SINES l a tempete q u i y a c u l m i n e l e 26.2.78 s o n t l e s 

s u i v a n t s : 

5.1 - GENESE DE LA TEMPETE 

La tempete du 26 F e v r i e r 1978 a e t e engendree p a r une s i t u a t i o n 

d e p r e s s i o n n a i r e d o n t l e s caractéristiques s t a t i q u e s ( d e p r e s s i o n e t g r a 

d i e n t b a r o m e t r i q u e , s i t u a t i o n a un moment donne) e t dynamique ( t r a j e c t o i r e 

s u i v i e e t v i t e s s e de déplacement) o n t p e r m i s de l e v e r des v a g u e s , de l e s 

a m p l i f i e r e t de l e s d e p l a c e r j u s q u ' a u paroxysme mesure e t s u b i s u r de 

nombreuses c o t e s . 

5.2 - CARACTÉRISTIQUES DE LA TEMPETE AUX APPROCHES DE SINES 

En u t i l i s a n t e t en e x p l o i t a n t l e s nombreux documents, d ' o r d r e g e n e r a l 

ou p l u s s p e c i f i q u e s r e l a t i f s a c e t t e t e m p e t e , q u i o n t pu e t r e r e u n i s nous 

avons f i n a l e m e n t a b o u t ! aux c o n c l u s i o n s s u i v a n t e s : 

- l e paroxysrae a eu l i e u l e 26 F e v r i e r 1978, e n t r e 9 e t 12 h , 

l a d i r e c t i o n d ' o r i g i n e des vagues e t a i t e n t r e W e t WNW, 

- 1 ' a m p l i t u d e s i g n i f i c a t i v e e t a i t a l o r s c o m p r i s e e n t r e 8,5 e t 9,5 m 

- 1 ' a r a p l i t u d e H l / 1 0 des vagues e t a i t de 12 a 16 m (avec q u e l q u e s vagues 

e x c e p t i o n n e l l e s e n c o r e p l u s h a u t e s ) , 

- l a p e r i o d e moyenne e t a i t de 12-14s 

- l a p e r i o d e l i e e au H ^/^^ e t a i t de 18-19s, 

- c e r t a i n e s vagues a v a i e n t une p e r i o d e de 20-22s 

O u t r e l e f a i t que 1 ' a m p l i t u d e de c e t t e tempete e t a l t e l e v e e , q u ' e l l e 

s u r v e n a i t 3 j o u r s a p r e s l a p r e c e d e n t e , n e t t e m e n t moins f o r t e c e p e n d a n t , i l 

semble que ses e f f e t s d e s t r u c t e u r s r e s s e n t i s d e p u i s l e MAROC j u s q u ' e n 

FRANCE, s o i e n t p r i n c i p a l e m e n t l i e s a l a p e r i o d e des v a g u e s l e s mieux 

f o r m e e s . 

L ' I n g e n i e u r c h a r g e de 1'Etude Le D i r e c t e u r des Etudes 

C. LANGLAIS C. ORGERON 
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APPENDIX E 

R a t i o n a l e f o r U n r e i n f o r c e d P o l o s a t s i n e s 

P r e p a r e d by B e r t l i n and P a r t n e r s 

A p r i l 1978 
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SINES ACCIDENT 

Reasons f o r n o t p r o v i d i n g s t e e l r e i n f o r c e m e n t i n d o l o s u n i t s 

1. I n t r o d u c t i o n 

1.1 The d o l o s armor u n i t was d e v e l o p e d i n S o u t h A f r i c a by Hr. M e r r l f i e l d 

and f i r s t used a t East London i n 1964. H y d r a u l i c model t e s t s on t h e 

u n i t were c a r r i e d o u t i n i t i a l l y by Zwamborn a t t h e CSIR l a b o r a t o r y a t 

S t e l l e n b o s c h , i n 1965. 

1.2 The i n f o r m a t i o n on t h e u n i t s was p u b l i s h e d a t t h e c o a s t a l e n g i n e e r i n g 

c o n f e r e n c e i n September 1966. S i n c e t h a t d a t e t h e y have been used on 

an i n c r e a s i n g number o f b r e a k w a t e r c o n t r a c t s t h r o u g h o u t t h e w o r l d . 

H y d r a u l i c model t e s t i n g has been used i n d e v e l o p i n g most o f t h e 

d e s i g n s . For t h i s p u r p o s e and f o r b a s i c r e s e a r c h , h y d r a u l i c model 

t e s t i n g o f d o l o s armor u n i t s has been c a r r i e d o u t i n most o f t h e m a j o r 

h y d r a u l i c l a b o r a t o r i e s . 

1.3 The p r o p o r t i o n s o f t h e d o l o s u n i t s have g e n e r a l l y f o l l o w e d t h e 

p r o p o r t i o n s i n i t i a l l y a d o p t e d by M e r r l f i e l d . Changes w h i c h have been 

i n t r o d u c e d r e l a t e d g e n e r a l l y t o t h e a d o p t i o n o f t h i c k e r u n i t s , 

p a r t i c u l a r l y as t h e u n i t s become h e a v i e r , and t h e i n t r o d u c t i o n o f 

f i l l e t s o r c h a m f e r s a t t h e j u n c t i o n between t h e t r u n k and t h e l e g s i n 

o r d e r t o improve t h e s t r e n g t h o f t h e u n i t s a t t h i s p o i n t . 

1.4 D o l o s u n i t s i n S o uth A f r i c a were d e v e l o p e d u s i n g mass c o n c r e t e ; and as 

f a r as we a r e aware r e i n f o r c e m e n t has o n l y been i n t r o d u c e d i n t o d o l o s 

on one p r o j e c t i n America (Humboldt B a y ) . 

1.5 A u s e f u l summary o f t h e number o f d o l o s used a t 15 o f t h e main s i t e s 

t h r o u g h o u t t h e w o r l d has been i n c l u d e d i n a paper by L i l l e v a n g 

p r e s e n t e d t o t h e c o a s t a l e n g i n e e r i n g c o n f e r e n c e i n 1976. T h i s 

summarizes i n f o r m a t i o n on b r e a k a g e o f d o l o s on p r o j e c t s v;here a t o t a l 

o f 150,000 d o l o s were used r a n g i n g f r o m 3 t o 40 t i n w e i g h t . 
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2. Breakage o f d o l o s 

2.1 The bre a k a g e r e c o r d s r e p o r t e d by L i l l e v a n g f o r i n - s e r v i c e c o n d i t i o n s 

range f r o m 0 t o 2.8 p e r c e n t f o r u n r e i n f o r c e d d o l o s . The one example 

o f r e i n f o r c e d d o l o s had an i n - s e r v i c e breakage o f 0.75 p e r c e n t . 

2.2 Breakage i n t h e c a s t i n g y a r d o r d u r i n g c o n s t r u c t i o n o f t h e breakv/ater 

g e n e r a l l y exceeds t h e bre a k a g e i n - s e r v i c e . 

2.3 The tV70 w o r s t s i t e s f o r bre a k a g e d u r i n g c a s t i n g and c o n s t r u c t i o n a r e 

a t C r e s c e n t C i t y and Gaa n s b a a i , w i t h breakages o f a b o u t 9 p e r c e n t and 

a b o u t 4 p e r c e n t , r e s p e c t i v e l y . 

2.4 F u l l d e t a i l s o f t h e e x p e r i e n c e i n b r e a k i n g i s n o t i n c l u d e d i n t h e 

p a p e r , b u t L i l l e v a n g m e n t i o n s some u n u s u a l f a c t o r s c a u s i n g b r e a k a g e s 

d u r i n g c o n s t r u c t i o n a t C r e s c e n t C i t y , where c r a c k i n g d e v e l o p e d due t o 

h i g h t e m p e r a t u r e d u r i n g c a s t i n g , w h i c h c o n t r i b u t e s t o t h e d e v e l o p m e n t 

o f s h r i n k a g e s t r e s s e s and f o r m a t i o n o f m i n u t e c r a c k s . D u r i n g c o n

s t r u c t i o n numerous d o l o s w h i c h had n o t y e t been i n t e r l o c k e d i n t h e 

armor f a c e were moved d u r i n g a s t o r m and s u f f e r e d i m p a c t b r e a k a g e s . 

2.5 A t Gaansbaai we u n d e r s t a n d t h a t a s h a r p c o r n e r was p r o v i d e d a t t h e 

j u n c t i o n between t h e l e g s and t r u n k and t h a t s h r i n k a g e c r a c k s were 

n o t e d on many o f t h e u n i t s i n t h e c a s t i n g y a r d . I t i s l i k e l y t h a t 

t h e s e were t h e cause o f bre a k a g e d u r i n g p l a c i n g . 

2.6 One f a c t o r w h i c h Gaansbaai Bay and C r e s c e n t C i t y d o l o s have i n common 

i s t h a t t h e u n i t s were i n b o t h cases more s l e n d e r t h a n i s recommended 

by M e r r i f i e l d . The d o l o s were o f 20 t and 40 t , w i t h w a i s t r a t i o s o f 

l e s s t h a n 0.30 and 0.32, r e s p e c t i v e l y . These d i m e n s i o n s w o u l d o n l y be 

a d o p t e d by M e r r i f i e l d f o r s m a l l e r u n i t s . We u n d e r s t a n d t h a t 

M e r r i f i e l d w o u l d r e g a r d r a t i o s o f 0.32 and 0.35 t o be more s u i t a b l e i n 

t h e s e c a s e s . 
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3. R e i n f o r c e d u n i t s a t Humboldt Bay 

3.1 I t s h o u l d be n o t e d t h a t t h e d o l o s a t Humboldt Bay, t h e o n l y one where 

r e i n f o r c e m e n t has been a d o p t e d , were i d e n t i c a l i n s i z e t o t h o s e used 

a t C r e s c e n t C i t y . The moulds used a t Humboldt Bay were 
s u b s e q u e n t l y 

t r a n s f e r r e d t o C r e s c e n t C i t y f o r r e - u s e on t h a t p r o j e c t . 

3.2 The a d o p t i o n o f r e i n f o r c e m e n t a t Humboldt Bay was an a r b i t r a r y 

d e c i s i o n a b o u t w h i c h t h e r e has been some c o n s i d e r a b l e c o n t r o v e r s y . 

P r o p o s a l s were made d u r i n g c o n s t r u c t i o n t o o m i t t h e r e i n f o r c e m e n t , 

b u t t h i s was o n l y done e x p e r i m e n t a l l y f o r a l i m i t e d number o f d o l o s 

t o w a r d s t h e end o f t h e c o n t r a c t . Breakage o f t h e s e un-rein£orced 

u n i t s was g r e a t e r t h a n b r e a k a g e o f t h e r e i n f o r c e d u n i t s , b u t i t i s 

r e p o r t e d t h a t t h i s may be p a r t l y due t o t h e f a c t t h a t the u n r e i n f o r c e d 

u n i t s were p l a c e d l o o s e l y on t o p o f t h e c o m p l e t e d armor f a c e s o t h a t 

t h e y were n o t i n t e r l o c k e d and would have been v e r y v u n e r a b l e t o 

movement under wave a t t a c k . 

3.3 S t a t i c t e s t s t o d e s t r u c t i o n o f b o t h t h e r e i n f o r c e d and u n r e i n f o r c e d 

d o l o s a t Humboldt Bay showed no v e r y s i g n i f i c a n t i n c r e a s e i n s t r e n g t h 

o f t h e r e i n f o r c e d u n i t s compared w i t h t h o s e w i t h o u t r e i n f o r c e m e n t . 

I t s h o u l d be n o t e d t h a t t h e amount o f r e i n f o r c e m e n t u s e d was 

r e l a t i v e l y s m a l l , b e i n g o f t h e o r d e r o f minimum t e m p e r a t u r e s t e e l . 

H a v i n g even t h i s s m a l l amount o f s t e e l i n v o l v e d a s u b s t a n t i a l a m o u n t 

o f money, 

3.4 The C r e s c e n t C i t y d o l o s c o n s t r u c t e d a f t e r c o m p l e t i o n o f t h e H u m b o l d t 

Bay j e t t y were a l l b u i l t w i t h o u t r e i n f o r c e m e n t . 
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4. S t r e s s e s i n d o l ^ s j j n i t s 

4.1 These u n i t s c a n n o t be f u l l y a n a l y z e d by n o r m a l t h e o r e t i c a l methods 

because o f t h e i r complex shape. 

4.2 The t i m e a l l o w e d f o r t h e d e s i g n o f t h e S i n e s b r e a k w a t e r d i d n o t a l l o w 

t i m e f o r p h o t o e l a s t i c s t r e s s a n a l y s i s , A d e s i g n w i t h a v / a i s t r a t i o o f 

0.35 (compared w i t h 0,32 a t Humboldt Bay) was a d o p t e d i n c o m b i n a t i o n 

w i t h l a r g e c h a m f e r s a t t h e j u n c t i o n o f l e g and t r u n k . I n t h e absence 

o f p h o t o e l a s t i c a n a l y s i s some s i m p l i f i e d s t r e s s c a l c u l a t i o n s were 

c a r r i e d o u t t o compare t h e s t r e s s e s l i k e l y t o be d e v e l o p e d i n t h e 

S i n e s d o l o s w i t h t h o s e f o r o t h e r d o l o s . T h i s showed t h e ad v a n t a g e s o f 

th e t h i c k e r w a i s t and o f t h e chamfer. 

4.3 D u r i n g p r e p a r a t i o n o f t h e d e s i g n s f o r t h e S i n e s d o l o s we r e c e i v e d some 

advance i n f o r m a t i o n f r o m L i l l e v a n g on t h e r e s e a r c h w o r k u s i n g p h o t o 

e l a s t i c s t r e s s a n a l y s i s w h i c h he was c a r r y i n g o u t a t t h a t t i m e . These 

r e s u l t s showed t h a t a l a r g e chamfer o f t h e t y p e a d o p t e d i n o u r a n t e 

p r o j e c t o d e s i g n was h i g h l y b e n e f i c i a l b u t t h a t some f u r t h e r i m p r o v e 

ment c o u l d be o b t a i n e d by r e p l a c i n g t h e chamfer by a r a d i u s e d f i l l e t . 

T h i s i n f o r m a t i o n r e a c h e d us a f t e r t h e d o l o s moulds were f a b r i c a t e d 

and i t was n o t c o n s i d e r e d n e c e s s a r y t o change t h e moulds a t t h a t 

s t a g e . T h i s v i e w was c o n f i r m e d v;hen c o n c r e t i n g s t a r t e d on s i t e , and 

i t was seen t h a t t h e q u a l i t y o f c o n c r e t e near t h e c h a m f e r was good and 

t h a t s h r i n k a g e c r a c k s were n o t b e i n g f o r m e d a t t h i s p o i n t , 

4.4 T h i s paper by L i l l e v a n g has s i n c e been p u b l i s h e d and t h i s c o n f i r m s 

t h a t t h e a d d i t i o n a l b e n e f i t o f p r o v i d i n g a r o u n d e d f i l l e t compared 

w i t h t h e t y p e o f l a r g e chamfer a d o p t e d a t S i n e s i s n o t g r e a t , 

4.5 The paper a l s o shows t h a t t h e h i g h l o c a l s t r e s s e s a t t h e j u n c t i o n 

between t h e l e g and t h e t r u n k o f t h e d o l o s o c c u r so c l o s e t o t h e 

s u r f a c e t h a t r e i n f o r c e m e n t w o u l d n o t be e f f e c t i v e u n l e s s i t were 

p l a c e d so c l o s e t o t h e s u r f a c e t h a t c o r r o s i o n o f t h e s t e e l w o u l d be 

u n a v o i d a b l e . He c o n c l u d e d t h a t use o f s t e e l r e i n f o r c e m e n t i s 

u n n e c e s s a r y p r o v i d e d t h a t , f o r u n i t s o v e r 30 t , c h a m f e r s o r f i l l e t s 

a r e used and c o n c r e t e o f h i g h t e n s i l e s t r e n g t h i s s p e c i f i e d . 
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5. S p e c i f i c a t i o n 

5.1 I n our s p e c i f i c a t i o n f o r t h e S i n e s d o l o s we r e q u i r e d a h i g h s t r e n g t h 

c o n c r e t e o f 400 kg p e r sq cm a t 28 d a y s . We a l s o s p e c i f i e d t h e use o f 

a l o w h e a t p o z z o l a n i c cement i n o r d e r t o m i n i m i z e t e m p e r a t u r e e f f e c t s 

d u r i n g s e t t i n g o f t h e cement. We a l s o s p e c i f i e d c a r e f u l c u r i n g . I t 

s h o u l d be n o t e d t h a t t h e c o n t r a c t o r ' s d e s i g n o f molds i n c l u d e d a 

c o m p r e s s i b l e j o i n t i n t h e mold f o r t h e t r u n k o f t h e d o l o s . The e f f e c t 

o f t h i s w o u l d be t o reduce t h e t e n d e n c y f o r t e n s i l e s t r e s s e s t o 

d e v e l o p d u r i n g s h r i n k i n g . 

5.2 As an a d d i t i o n a l p r e c a u t i o n p r o v i s i o n was made i n t h e c o n t r a c t 

documents f o r a number o f d o l o s t o be t e s t e d t o d e s t r u c t i o n , s t a t 

i c a l l y and d y n a m i c a l l y , t o check t h e i r s t r e n g t h . BCL l e t t e r 000557 

d a t e d 1 4 t h A u g u s t 1974 r e f e r s . 

6. C o n c l u s i o n 

6.1 With a l l t h e s e p r e c a u t i o n s and i n l i g h t o f t h e knowledge a v a i l a b l e t o 

us a t t h e t i m e o f d e s i g n and s u b s e q u e n t l y , we a r e s a t i s f i e d t h a t t h e 

d e c i s i o n n o t t o p r o v i d e r e i n f o r c e m e n t was a c o r r e c t one. 

6.2 I n t h i s c o n n e c t i o n i t s h o u l d be n o t e d t h a t b r e a k a g e s d u r i n g p l a c i n g 

have been r e p o r t e d i n t h e range o f 2 - 4 p e r c e n t . I n v i e w o f t h e f a c t 

t h a t most o f t h e d o l o s have been p l a c e d u s i n g a f l o a t i n g c r a n e i n an 

a r e a where t h e sea i s r a r e l y c o m p l e t e l y c a l m t h e d o l o s w o u l d appear t o 

be w e l l d e s i g n e d f o r c a s t i n g and f o r t h e s t r e s s e s imposed d u r i n g 

p l a c i n g , 

6.3 We have seen no r e p o r t s on t h e b e h a v i o r o f t h e d o l o s a f t e r p l a c i n g . 

During s i t e v i s i t s [ b e f o r e the storm of 26 F e b r u a r y ] V7e have seen v e r y 

fev7 broken dolos above water l e v e l . We have a l s o noted a number of 

d o l o s which have moved a c o n s i d e r e d d i s t a n c e d u r i n g the storm from 

t h e i r i n i t i a l p o s i t i o n without b r e a k i n g . We t h e r e f o r e c o n s i d e r t h a t 

t h e r e i s e v i d e n c e t h a t the dolos had s u f f i c i e n t s t r e n g t h to r e s i s t 

normal movements i n s e r v i c e . 

We have no i n f o r m a t i o n r e g a r d i n g t h e number o f b r e a k a g e s r e v e a l e d by 

u n d e r w a t e r i n s p e c t i o n o f t h e d o l o s w h i c h have been moved c o n s i d e r a b l e 

d i s t a n c e s d u r i n g t h e c o l l a p s e w h i c h o c c u r r e d on 2 6 t h F e b r u a r y , We 
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w o u l d , however, e x p e c t such breakages as a consequence o f t h e m a j o r 

d i s p l a c e m e n t s w h i c h have o c c u r r e d . 
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APPENDIX F 

Record o f D o l o s Placement b y Day f r o m 1974 t o 1978 
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TABLE F-1 NIJMBER OF DOLOS PLACED BY DAY I N 1974 

January February March A p r i l May June J u l y August Sepcembcr Occober Nobember December 

Sea Land Sea Land Sea^Land Sea Land Sea/Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land 

1 9 
2 32 17 30 
3 54 33 
4 9 33 10 
5 32 46 
6 35 6 
7 34 33 
8 35 
9 16 18 28 

10 20 15 
11 22 32 
12 10 20 
13 27 
14 30 17 27 
15 73 
16 29 
17 
18 29 12 10 
19 15 20 31 
20 25 13 
21 50 
22 16 
23 15 
24 22 
25 24 16 
26 17 45 
27 32 
28 30 24 
29 35 39 
30 32 
31 26 

TOTAL 75 478 542 394 

TOTAL 
By 0 
Sea 

TOTAL 
By 1489 

Land 



TABLE F-2 NUMBER OF DOLOS PLACED BY DAY IN 1975 

Day January February March A p r i l May June Jul y August Sepceraber October November December 
Day 

Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land S ea Land 

1 20 18 32 

2 52 30 20 20 18 36 8 

3 69 7 20 20 34 36 

4 12 33 25 40 77 36 18 54 

5 24 16 55 34 52 18 78 

6 15 30 33 42 18 36 

7 15 46 20 20 15 20 18 

8 30 19 12 20 19 40 53 36 

9 40 27 26 18 41 36 16 

10 18 37 16 40 36 12 52 

11 20 29 55 36 36 
12 32 19 14 31 

13 27 29 36 32 18 30 63 17 

14 25 16 28 20 79 18 

15 26 

16 18 20 20 21 

17 55 18 19 36 14 105 

18 81 33 20 16 35 17 53 

19 16 20 48 13 18 28 26 

20 22 37 48 36 73 36 
21 14 9 36 20 37 27 
22 53 20 54 18 54 18 

23 20 20 14 52 19 27 21 39 
24 15 26 41 39 32 36 50 24 

25 38 40 42 48 74 36 

26 14 20 57 32 55 86 
27 29 73 16 40 17 

28 20 14 

29 40 18 13 

30 54 16 39 45 

31 20 

TOTAL 182 36 200 78 303 108 314 128 117 393 724 178 324 319 441 266 229 145 255 126 500 197 

TOTAL 
by 3216 
Sea 

TOTAL 
by 2347 

Land 



TABLE F-3 NUMBER OF DOLOS PLACED BY DAY IN 1976 

January February March A p r i l May June Ju l y August September October November December 

Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land 

1 27 54 18 

2 36 18 36 

3 34 16 12 54 

4 16 48 25 48 39 52 21 46 

5 68 19 32 15 48 31 36 

6 36 15 
7 48 25 54 42 4 16 54 
8 48 32 32 63 30 126 54 33 

9 40 19 26 52 68 14 34 

10 36 32 50 20 
11 32 30 68 18 72 27 

12 48 20 56 54 36 16 
13 16 18 25 

14 16 59 36 57 54 126 22 
15 14 81 47 36 10 

16 12 25 32 48 36 36 
17 60 12 26 54 36 16 
18 12 13 24 18 11 
19 70 11 5 16 37 18 21 18 
20 11 48 21 32 16 54 54 36 32 51 39 
21 112 11 48 31 12 41 88 13 42 36 
22 19 11 58 35 43 32 14 16 36 36 24 27 13 54 
23 8 11 69 32 54 12 35 10 23 36 
24 16 11 22 35 43 30 15 71 36 
25 3 54 30 54 61 31 
25 32 12 5 45 54 85 72 
27 13 17 48 14 24 
28 15 70 36 47 
29 32 29 43 36 18 
30 16 18 35 18 22 17 36 
31 17 85 

TOTAL 118 325 102 221 199 94 70 564 250 442 385 710 317 603 457 404 231 312 134 491 67 124 161 

TOTAL 
by 3969 
Sea 

TOTAL 
by 2317 

Land 



TABLE F-4 NDMBES OF DOLOS PLACED BÏ DAY I N 1977 

Day 
January February March A p r i l May June Jul y August September October November December 

Day 
Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea L and Sea Land Sea Land Sea Land Sea Land Sea Land 

1 32 21 2 18 56 9 

2 54 54 54 48 

3 24 24 17 71 18 36 27 

4 11 43 79 35 18 17 10 

5 19 71 36 15 16 40 27 

6 71 18 18 4 33 I S 30 20 
7 10 35 18 53 34 

8 36 36 26 18 20 

9 36 36 18 36 33 
10 17 36 18 3 16 
11 36 54 52 20 
12 54 36 13 
13 54 36 34 10 
14 72 36 54 4 

15 54 90 27 22 

16 30 13 72 9 36 17 36 18 33 12 
17 36 20 54 31 14 

18 18 36 72 66 54 34 20 

19 18 34 59 54 18 10 8 25 
20 72 22 36 21 36 46 36 5 

21 18 5 36 54 18 31 94 25 
22 103 17 48 34 19 30 18 56 12 

23 20 18 53 18 45 18 22 33 

24 23 54 100 72 25 18 64 7 24 

25 17 49 86 19 21 

26 41 19 103 45 25 29 19 

27 28 34 46 38 12 

28 45 22 4 

29 16 26 33 36 15 
30 18 25 32 
31 34 

TOTAL 197 102 329 275 890 347 573 291 869 248 467 601 409 75 235 

TOTAL TOTAL 
by 3128 by 2780 
Sea Land 



TABLE F-5 NUMBER OF DOLOS PLACED BY DAY I N 1978 

January February March A p r i l May June J u l y August September October November December 

Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land 

1 
2 
3 
4 14 
5 
6 
7 

9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 14 
27 28 
28 
29 
30 
31 

TOTAL 42 14 

TOTAL TOTAL 
by 56 by 
Sea Land 



APPENDIX G 

C r o s s S e c t i o n s o f Breakv/ater B e f o r e 

and A f t e r F e b r u a r y Storm 

Note t h a t only t h e f i r s t u n d e r l a y e r 

was p r o f i l e d b e f o r e t h e storm; n e a r l y 

a l l d o los were i n p l a c e p r i o r t o the 

storm, but p r o f i l e s were not a v a i l a b l i 
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STATION 750 
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STATION 930 
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STATION 1085 
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STATION 1145 
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STATION 1205 



« — B E F O R E STORM 

o AFTER STORM 

STATION 1235 
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STATION 1605 
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APPENDIX H 

Photographs Showing Damage of Breakwater 

A f t e r F e b r u a r y Storm 

Photographs were p r o v i d e d by: 

Gabinete da Area de S i n e s 

B e r t l i n s P a r t n e r s , U.K. 

V i r g i n i a F a i r w e a t h e r 

W i l l i a m F. B a i r d 

The photographs on pages' 226-234 were taken on or 

befor e March 10, 1978. Those on pages 235-237 were 

ta k e n s u b s e q u e n t l y . 
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APPENDIX I 

L i s t i n g o f Documents A v a i l a b l e t o the P a n e l 
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L i s t i n g o f Documents A v a i l a b l e t o t h e P a n e l 

B e r t l i n and P a r t n e r s , "Summary o f C a l c u l a t i o n s f r o m G e o p h y s i c a l I n v e s t i g a 

t i o n s , " i n t e r n a l r e p o r t , u n d a t e d . 

B e r t l i n , Consulmar, and L u s o t e c n a , "Reposta A Comissao de A v a l i a c a o do 

A c i d e n t e do Molhe Oeste de S i n e s , " " R e p l y t o t h e I n v e s t i g a t i o n 

C ommittee o f t h e S i n e s West B r e a k w a t e r A c c i d e n t , " r e p o r t s ( i n 

P o r t u g u e s e and E n g l i s h ) s u b m i t t e d i n r e p l y t o t h e Commission o f 

I n q u i r y on t h e A c c i d e n t t o t h e West Mole a t S i n e s , A p r i l , 1978. 

B e r t l i n , Consulmar, and L u s o t e c n a , "Concurso de C o n s t r u c a o C i v i l — 1 . ^ 

f a s e . Volume 4, Anexo 1 — C o n d i c o e s N a t u r a l s , " "Course o f C i v i l 

C o n s t r u c t i o n , N a t u r a l C o n d i t i o n and I n t e r i o r Waves," r e p o r t p r e p a r e d 

f o r GAS, 1972 

B e r t l i n , Consulmar, and L u s o t e c n a , " E n g l i s h T r a n s l a t i o n o f t h e R e p l y t o 

t h e I n v e s t i g a t i o n Committee o f t h e S i n e s West B r e a k w a t e r A c c i d e n t , " 

t r a n s l a t e d by R.P. Y a t e s , May 1978. 

B e r t l i n , Consulmar, and L u s o t e c n a , " C l a u s u l a s T e c n i c a s G e r a i s : 2.4 

Enrocamentos," a l s o E n g l i s h t r a n s l a t i o n " G e n e r a l T e c h n i c a l C l a u s e s : 

2.4 A r m o r i n g , " by R.P. Y a t e s , f r o m c o n s t r u c t i o n b i d document p r e p a r e d 

f o r GAS, u n d a t e d . 

B e r t l i n , Consulmar, and L u s o t e c n a , " C l a u s u l a s T e c n i a s E s p e c i a i s : 2.4 

Encrocamentos," a l s o E n g l i s h t r a n s l a t i o n " S p e c i a l T e c h n i c a l C l a u s e s : 

2.4 A r m o r i n g , " by R.P. Y a t e s , f r o m c o n s t r u c t i o n b i d document p r e p a r e d 

f o r GAS, u n d a t e d . 

C a b i n e t da Area de S i n e s , " S i n e s H a r b o u r : S t u d y o f A l t e r n a t i v e S o l u t i o n s , 

Volume I I I , B a s i c F a c t o r s , " r e p o r t p r e p a r e d f o r C a b i n e t da Area de 

S i n e s , u n d a t e d . 

C a b i n e t da Area de S i n e s , " S i n e s Development A r e a , " b r o c h u r e p r e p a r e d f o r 

C a b i n e t da Area de S i n e s , u n d a t e d . 

C a b i n e t da Area de S i n e s , "Producao da P e d r e i r a — 1 9 7 6 - 1978," " E x c a v a t i o n 

o f Q u a r r y Stone by S i z e , " i n t e r n a l r e p o r t , u n d a t e d . 

C a b i n e t da Area de S i n e s , "Record o f Damage: S u p e r s t r u c t u r e on B r e a k w a t e r , 

A f f e c t e d Zones f r o m t h e S t o r m , Zones o f A f f e c t e d S u p e r s t r u c t u r e , " 

i n t e r n a l r e p o r t , 3 C h a r t s , u n d a t e d . 

C a b i n e t da Area de S i n e s , "Post Storm P r o f i l e s o f t h e B r e a k w a t e r w i t h D i v e r 

A n n o t a t i o n s , " 16 C h a r t s , i n t e r n a l r e p o r t , u n d a t e d . 

C a b i n e t da Area de S i n e s , " P o r t o de S i n e s , Molhe O e s t e , V i s t a F r o n t a l da 

S u p e r s t r u t u r a , " one d r a w i n g showing e l e v a t i o n s a l o n g t h e 

s u p e r s t r u c t u r e a f t e r t h e s t o r m . Drawing No. DPA 189A/78, A p r i l , 1978. 
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L a b o r a t o i r e C e n t r a l d ' H y d r a u l i q u e de F r a n c e , " L ' e s t i m a t i o n des caractér

i s t i q u e s de l a h o u l e au l a r g e du p o r t , " " E s t i m a t i o n o f t h e 

C h a r a c t e r i s t i c s o f t h e l a r g e s t o r m a t t h e P o r t , " r e p o r t No. 1 f o r 

S o c i e t a I t a l i a n a per C o n d o t t e d'Acqua, A u g u s t , 1978. 
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State-o£-the-Art o f Rubble Mound B r e a k w a t e r D e s i g n 

Rubble-mound b r e a k v f a t e r s have been a p r o v e n method o f p r o v i d i n g 

p r o t e c t i o n i n c o a s t a l a r e a s s u b j e c t e d t o w i n d - g e n e r a t e d waves. The 

e n g i n e e r i n g l i t e r a t u r e on t h e d e s i g n o f t h e s e s t r u c t u r e s i s v o l u m i n o u s and 

r e a d i l y a v a i l a b l e . A m e r i c a n s t a n d a r d rubble-mound b r e a k w a t e r d e s i g n i s 

p r e d i c a t e d on t h e "Hudson F o r m u l a , " w h i c h was d e r i v e d f r o m o b s e r v a t i o n s o f 

h y d r a u l i c models u s i n g s m a l l p i e c e s o f s t o n e and l a b o r a t o r y f a c i l i t i e s a t 

t h e US Army Waterways E x p e r i m e n t S t a t i o n i n V i c k s b u r g , M i s s i s s i p p i . 

As b r e a k w a t e r d e s i g n s were r e q u i r e d f o r deeper w a t e r s and more s e v e r e 

wave c o n d i t i o n s , t h e use o f q u a r r y s t o n e became i m p r a c t i c a l because o f t h e 

l a r g e s t o n e s i z e s and f l a t s l o p e s t h a t w o u l d be r e q u i r e d t o meet d e s i g n 

c o n d i t i o n s . Numerous c o n c r e t e shapes f r o m s i m p l e t e t r a h e d r o n s t o c o mplex 

and i n t r i c a t e shapes have been p r o m o t e d o v e r t h e y e a r s as s o l u t i o n s t o 

deepwater c o n d i t i o n s w i t h h i g h wave a c t i o n . U n f o r t u n a t e l y , t h e i n i t i a l 

c o n s t r a i n t s w h i c h l e d Hudson t o h i s d e s i g n e q u a t i o n were i g n o r e d i n t h e new 

g e n e r a t i o n o f t e s t i n g w h i c h f o l l o w e d t h e i n t r o d u c t i o n o f t h e new c o n c r e t e 

armor shapes. Hudson (1958) n o t e d i n t h e r e p o r t on h i s r e s e a r c h t h a t 

"For b r e a k w a t e r s c o n s t r u c t e d by dumping or by p l a c i n g armor u n i t s 

e s s e n t i a l l y p e l l m e l l , t h e f o r c e s r e s i s t i n g d i s p l a c e m e n t a r e t h e 

b o u y a n t w e i g h t o f t h e i n d i v i d u a l u n i t s and t h e f r i c t i o n between 

u n i t s . E x c e p t f o r i s o l a t e d i n s t a n c e s where wedging a c t i o n i s 

i n v o l v e d , f r i c t i o n between armor u n i t s can be n e g l e c t e d . " 

Hudson's model work was c o n d u c t e d w i t h c o n c r e t e armor u n i t s w h i c h 

w o u l d n o t b r e a k i n t h e model and a l s o w i t h e s s e n t i a l l y m o nochromatic waves 

o f r e l a t i v e l y u n i f o r m h e i g h t . Inasmuch as most rubble-mound s t r u c t u r e s 

b e i n g d e s i g n e d and c o n s t r u c t e d a b o u t t h e t i m e Hudson p r e s e n t e d h i s 

m a t e r i a l and i m m e d i a t e l y t h e r e a f t e r were l i m i t e d by d e p t h c o n d i t i o n s 

o f f s h o r e , Hudson's c o n s t r a i n t o f e s s e n t i a l l y m o n o c h r o m a t i c waves o f 

c o n s t a n t wave h e i g h t d i d n o t appear i m p o r t a n t . S u b s e q u e n t l y , as t h e s e 

s t r u c t u r e s have been d e s i g n e d f o r deeper and deeper w a t e r , g r e a t e r 

r e c o g n i t i o n has been g i v e n t o t h e wave s p e c t r u m and most r e c e n t l y t o wave 

g r o u p s . 
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N e v e r t h e l e s s , t h e b a s i c c r o s s s e c t i o n o f t h e b r e a k w a t e r has n o t 

changed s i g n i f i c a n t l y . As b r e a k w a t e r s a r e b u i l t i n deeper w a t e r and more 

exposed l o c a t i o n s , t h e s i z e o f s t o n e r e q u i r e d becomes c o n s i d e r a b l e ; a t t e n 

t i o n t h e r e f o r e has been n e c e s s a r i l y g i v e n t o a r t i f i c i a l armor u n i t s . As 

n o t e d by Magoon and Shimuzu (1971) , t h e r e q u i r e m e n t s o f h a n d l i n g , p l a c i n g 

and u s i n g l a r g e c o n c r e t e armor u n i t s has r e q u i r e d t h e c o n s i d e r a t i o n o f 

s t r e s s e s c r e a t e d i n t h o s e u n i t s . F u r t h e r c o n s i d e r a t i o n o f t h o s e s t r e s s e s 

can and on o c c a s i o n has l e d t o r e i n f o r c e m e n t o f t h e c o n c r e t e armor u n i t s . 

The a r g u m e n t s f o r and a g a i n s t r e i n f o r c e m e n t o f l a r g e c o n c r e t e armor u n i t s 

a r e many and g e n e r a l l y s i t e - s p e c i f i c . The q u e s t i o n o f r e i n f o r c e m e n t has 

become somewhat p o l a r i z e d w i t h t h e m a j o r i t y o f t h e e n g i n e e r i n g p r a c t i c e 

i n d i c a t i n g t h a t c o n c r e t e armor u n i t s s h o u l d be u n r e i n f o r c e d . (The reaso n s 

why t h e d o l o s a t S i n e s a r e u n r e i n f o r c e d , as s t a t e d by John Mettam, a r e 

g i v e n i n A p p e n d i x E.] 

D e s i g n Approach 

D u r i n g t h e d e s i g n p r o c e s s f o r r u b b l e mound s t r u c t u r e s , d e c i s i o n s are 

made c o n c e r n i n g t h e f o l l o w i n g d e t a i l s : 

(1) The s i z e , w e i g h t , and d e n s i t y o f u n i t s i n t h e armor l a y e r p r o 

t e c t i n g t h e exposed f a c e o f t h e b r e a k w a t e r . 

(2) The s l o p e o f t h e armor l a y e r and i t s e x t e n t above and below t h e 

w a t e r l e v e l . 

( 3 ) The s t o n e s i z e s making up t h e f i l t e r l a y e r s and t h e e x t e n t o f 

t h e s e l a y e r s . 

(4) The r e q u i r e m e n t f o r a mass c o n c r e t e s u p e r s t r u c t u r e a l o n g t h e t o p 

o f t h e b r e a k w a t e r . 

(5) The armor p r o t e c t i o n r e q u i r e d on t h e h a r b o r s i d e o f the 

b r e a k w a t e r . 

(6) The s i z e o f armor u n i t s , s l o p e , e t c . , r e q u i r e d a t t h e head or 

seaward end o f t h e b r e a k w a t e r . 

(7) The e l e v a t i o n o f t h e t o p o f t h e s t r u c t u r e . 

For a m a j o r b r e a k w a t e r , t h e s e d e c i s i o n s w i l l be made by e n g i n e e r s 

u s i n g e q u a t i o n s r e l a t i n g t h e d e s i g n wave p a r a m e t e r s t o armor u n i t s i z e s , 

r u n - u p , e t c . , and s c a l e models o f b r e a k w a t e r s exposed t o wave a c t i o n . The 
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s e l e c t i o n o f t h e d e s i g n wave p a r a m e t e r s i s , o f c o u r s e , a v e r y c r i t i c a l 

s t e p . 

Adequate d e s i g n o f t h e armor l a y e r i s o f paramount i m p o r t a n c e t o t h e 

i n t e g r i t y o f t h e b r e a k w a t e r . I f t h e armor l a y e r i s removed by wave a c t i o n , 

t h e b r e a k w a t e r w i l l be d e s t r o y e d . The f o l l o w i n g d i s c u s s i o n i s c o n c e r n e d 

w i t h t h e d e s i g n o f t h e armor l a y e r . 

T h e o r e t i c a l Approach 

A number o f e q u a t i o n s have been p r o p o s e d t h a t e q u a t e t h e s i z e o f an 

armor u n i t r e q u i r e d t o p r o t e c t a r u b b l e mound b r e a k w a t e r t o t h e i n c i d e n t 

wave c o n d i t i o n s . Such e q u a t i o n s have been summarized, f o r example, by 

PIANC ( 1 9 7 7 ) . These e q u a t i o n s g e n e r a l l y r e l a t e wave p a r a m e t e r s t o t h e s i z e 

o f an armor u n i t t h a t w i l l n o t be d i s p l a c e d f r o m t h e armor l a y e r . The 

v a r i a b l e s o f t h e s e e q u a t i o n s i n c l u d e t h e f o l l o w i n g : 

o wave h e i g h t p a r a m e t e r 

O wave p e r i o d p a r a m e t e r 

O wave l e n g t h p a r a m e t e r 

O w e i g h t o f armor u n i t 

O s l o p e o f b r e a k w a t e r 

O u n i t w e i g h t o f armor u n i t 

O u n i t w e i g h t o f w a t e r 

O s t a b i l i t y c o e f f i c i e n t o f t h e armor u n i t 

O c o e f f i c i e n t o f f r i c t i o n 

The e q u a t i o n most f r e q u e n t l y used i n N o r t h America f o r t h e p r e l i m i 

n a r y d e s i g n o f r u b b l e mound b r e a k w a t e r s i s t h a t p r o p o s e d by Hudson. 

Hudson's e q u a t i o n was d e v e l o p e d f o r use w i t h q u a r r i e d s t o n e s , and r e s u l t s 

f r o m e q u a t i n g t h e d r a g f o r c e o f t h e u p r u s h i n g wave on a s t o n e w i t h t h e 

w e i g h t o f t h e s t o n e . The e q u a t i o n i s as f o l l o w s : 

W H'̂  

W = ^ ^ 

(Sj. - 1) c o t 0 

Where W = v/ e i g h t o f u n i t 

H = wave h e i g h t 
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= damage or s t a b i l i t y c o e f f i c i e n t 

= u n i t w e i g h t o f u n i t 

= s p e c i f i c g r a v i t y o f armor u n i t 

c o t 0 = s l o p e o f b r e a k w a t e r 

The s t a b i l i t y c o e f f i c i e n t , K̂ ,̂ i s d e t e r m i n e d f r o m d a t a d e r i v e d f r o m 

p r e v i o u s h y d r a u l i c model s t u d i e s and f r o m s i t e - s p e c i f i c s t u d i e s . 

Use o f Hudson's E q u a t i o n 

The use o f Hudson's e q u a t i o n s i n b r e a k w a t e r d e s i g n i n v o l v e s d e c i s i o n s 

r e g a r d i n g t h e f o l l o w i n g f a c t o r s : 

(A) The wave h e i g h t p a r a m e t e r : 

o t h e r e t u r n p e r i o d o f t h e d e s i g n s t o r m , 

o t h e e f f e c t s o f b a t h e m e t r y i n f r o n t o f t h e b r e a k w a t e r i n 

i n c r e a s i n g or d e c r e a s i n g t h e deep w a t e r waves, 

o t h e wave h e i g h t p a r a m e t e r t o be used i n t h e e q u a t i o n (H^^jji 

"1/3' '̂ ''̂ ^ "^^P^"^ °" '̂ ^̂  "^^^ h e i g h t p a r a m e t e r 

used i n t h e model s t u d i e s f r o m w h i c h t h e s t a b i l i t y c o e f f i 

c i e n t was o b t a i n e d . 

(B) Damage: 

The damage t h a t w i l l o c c u r d u r i n g t h e d e s i g n s t o r m ( s ) c o n s i d e r e d 

i n ( A ) . T h i s w i l l a l s o depend on t h e d e f i n i t i o n o f damage used 

i n t h e model s t u d i e s f r o m w h i c h t h e s t a b i l i t y c o e f f i c i e n t was 

o b t a i n e d . 

L i m i t a t i o n s o f Hudson's E q u a t i o n 

A l i m i t a t i o n o f Hudson's e q u a t i o n i s t h a t t h e d r a g f o r c e i s assumed t o 

be i n d e p e n d e n t o f wave p e r i o d . I t i s l i k e l y t h a t t h e s t a b i l i t y o f most 

armor u n i t s i s dependent on wave p e r i o d , wave s t e e p n e s s , t h e o f f s h o r e 

p a r a m e t e r t a n a / ( H / L ^ ) ^ and t h e way i n w h i c h t h e wave b r e a k s on t h e 

b r e a k w a t e r . The e q u a t i o n was f i r s t p r o p o s e d f o r t h e d e s i g n o f b r e a k w a t e r s 

u s i n g q u a r r i e d s t o n e s and where i n t e r l o c k i n g between a d j a c e n t u n i t s was 

n o t a m a j o r c o n s i d e r a t i o n . The e q u a t i o n has, however, been e x t e n s i v e l y 

used t o d e s c r i b e t h e e f f e c t i v e n e s s o f d o l o s u n i t s , w h i c h a r e c h a r a c t e r i z e d 

by t h e i r i n t e r l o c k i n g c h a r a c t e r i s t i c s . 
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The s t a b i l i t y c o e f f i c i e n t and t h e r e l a t i o n s h i p between t h e damage t o 

t h e armor l a y e r and t h e wave h e i g h t i s e n t i r e l y dependent on model s t u d i e s . 

The l i m i t a t i o n s o f t h e s e model s t u d i e s t h e r e f o r e impose l i m i t a t i o n s on t h e 

use o f t h e e q u a t i o n . L i m i t a t i o n s o f model s t u d i e s a r e d i s c u s s e d i n t h e 

f o l l o w i n g s e c t i o n . 

Model S t u d i e s 

M o d e l s t u d i e s a r e an e s s e n t i a l component o f t h e d e s i g n p r o c e d u r e f o r 

l a r g e b r e a k w a t e r s t r u c t u r e s . A c o r r e c t l y d e s i g n e d m o d e l s t u d y w i l l 

p r o v i d e t h e most c o m p l e t e I n f o r m a t i o n t o t h e d e s i g n e r . 

Many l a b o r a t o r i e s t h r o u g h o u t t h e w o r l d have u n d e r t a k e n and p u b l i s h e d 

r e s u l t s o f model t e s t s on r u b b l e mound b r e a k w a t e r s . The r e s u l t s o f t h e s e 

d i f f e r e n t s t u d i e s c a n n o t be d i r e c t l y compared because o f t h e d i f f e r e n c e i n 

t h e p r o c e d u r e s f o l l o w e d i n t h e t e s t s . Some o f t h e d i f f e r e n c e s a re as 

f o l l o w s : 

(1) I n d i v i d u a l armor u n i t s ( c o n c r e t e ) . 

D i f f e r e n c e s i n : 

o s u r f a c e f r i c t i o n o f u n i t s 

o d i m e n s i o n s o f u n i t s 

o u n i t w e i g h t s o f u n i t s 

o s t r e n g t h o f m a t e r i a l o f u n i t s 

(2) C o n s t r u c t i o n o f t h e Model B r e a k w a t e r . 

I n some s t u d i e s c o n s t r u c t i o n o f t h e model has f o l l o w e d p r o t o t y p e 

c o n s t r u c t i o n p r a c t i c e s i n d e t a i l . I n o t h e r s t u d i e s , however, 

i n d i v i d u a l u n i t s have been p l a c e d w i t h h i g h i n t e r l o c k i n g o b t a i n e d by 

c a r e f u l l y l o c a t i n g t h e u n i t and p r e s s i n g t h e u n i t i n t o t h e armor 

l a y e r . Model c o n s t r u c t i o n s h o u l d f o l l o w t h e p l a c e m e n t a c t i o n o f a 

c r a n e . I n some s t u d i e s t h e b r e a k w a t e r i s b u i l t i n t h e d r y and i n 

o t h e r s w i t h w a t e r i n t h e t e s t i n g f l u m e . 

(3) Wave p a r a m e t e r s . 

The f i r s t model s t u d i e s were made w i t h s i n u s o i d a l waves o f 

c o n s t a n t h e i g h t and p e r i o d . I n r e c e n t y e a r s l a b o r a t o r i e s have used 

i r r e g u l a r waves p r o d u c e d e i t h e r by t h e s u p e r p o s i t i o n o f d i s c r e t e 

s i n u s o i d a l components or by t h e f i l t e r i n g o f a w h i t e n o i s e s i g n a l 
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p r o v i d e d t o t h e wave g e n e r a t o r . Today some l a b o r a t o r i e s a r e g e n e r a t 

i n g w a t e r s u r f a c e p r o f i l e s i d e n t i c a l t o s u r f a c e p r o f i l e s r e c o r d e d i n 

t h e sea. Such p r o f i l e s may c o n t a i n a s e r i e s o f l a r g e waves d i r e c t l y 

f o l l o w i n g each o t h e r . 

F i n a l l y , l a b o r a t o r i e s have a l s o p r o d u c e d vjaves by d i r e c t w i n d 

g e n e r a t i o n i n t h e f l u m e . The w i n d may p r o d u c e a r e a l i s t i c wave 

s t e e p n e s s as w e l l as a r e a l i s t i c d i s t r i b u t i o n o f h e i g h t s and p e r i o d s . 

The c r e a t i o n o f waves v i a w i n d may r e q u i r e d i f f e r e n t s i m i l i t u d e 

r e l a t i o n s h i p s . S t u d i e s show t h a t t h e d i f f e r e n t wave p r o f i l e s do 

p r o d u c e d i f f e r e n t r e s u l t s on a r u b b l e mound b r e a k w a t e r . 

T e s t p r o c e d u r e s . 

The s c a l e s a t w h i c h model s t u d i e s have been c a r r i e d o u t have 

v a r i e d , as w e l l as t h e d u r a t i o n o f t e s t s and t h e sequence o f t e s t i n g 

a t d i f f e r e n t wave h e i g h t s and p e r i o d s . F u r t h e r , t h e d e p t h s o f w a t e r , 

t h e t i d a l r a n g e s , t h e a n g l e s o f wave a t t a c k , and t h e d e t a i l s o f t h e 

s t r u c t u r e such as t h e f r o n t s l o p e and t h e s t r u c t u r e h e i g h t have 

v a r i e d . A l l a f f e c t t h e p u b l i s h e d r e s u l t s . 

R e p o r t i n g o f r e s u l t s . 

A r e v i e w o f r e p o r t s o f model s t u d i e s shows g r e a t v a r i a t i o n i n t h e 

r e p o r t i n g o f t h e r e s u l t s o f wave i n t e r a c t i o n w i t h t h e armor u n i t s . 

Damage has been v a r i o u s l y d e f i n e d as t h e o s c i l l a t i o n o f i n d i v i d u a l 

u n i t s i n t h e armor l a y e r , t h e movement o f u n i t s f r o m one l o c a t i o n t o 

a n o t h e r i n t h e armor l a y e r , o r t h e d i s p l a c e m e n t o f u n i t s f r o m t h e 

armor l a y e r . Damage i s a l s o d e s c r i b e d i n t e r m s o f changes i n p r o f i l e 

o r c r o s s - s e c t i o n o f t h e armor l a y e r . O s c i l l a t i o n or r o c k i n g o f 

i n d i v i d u a l u n i t s can be d i f f i c u l t t o o b s e r v e because i t o c c u r s 

i m m e d i a t e l y b e l o w t h e l e v e l o f t h e b r e a k i n g wave. 

The amount o f damage o c c u r r i n g has been e x p r e s s e d as p e r c e n t a g e s 

o f a l l u n i t s or o f u n i t s w i t h i n d e f i n e d a r e a s a b o u t t h e mean w a t e r 

l e v e l s . 

There has been l i t t l e c o n f o r m i t y i n t h e r e p o r t i n g o f model 

s t u d i e s and as a r e s u l t t h e r e a r e c o n s i d e r a b l e v a r i a t i o n s i n t h e 

r e p o r t e d v a l u e s o f s t a b i l i t y c o e f f i c i e n t s . 
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The l i m i t a t i o n s o f s t a b i l i t y c o e f f i c i e n t s o r model s t u d i e s i n 

g e n e r a l depend on how r e p r e s e n t a t i v e t h e c o n s t r u c t i o n p r o c e d u r e s and 

wave c o n d i t i o n s were o f p r o t o t y p e c o n d i t i o n s . M o t i o n s w i t h i n t h e 

armor l a y e r must be o b s e r v e d and a c c o u n t e d f o r when d e s i g n i n g t h e 

i n d i v i d u a l u n i t s o f t h e armor l a y e r . 

D e s i g n o f I n d i v i d u a l Armor U n i t s 

I n d i v i d u a l u n i t s w i t h i n t h e armor l a y e r s h o u l d be d e s i g n e d t o w i t h 

s t a n d wave f o r c e s and any movements t h a t may o c c u r w i t h i n t h e armor l a y e r , 

I n g e n e r a l , t h e d e s i g n o f i n d i v i d u a l u n i t s has been based on e x p e r i 

ence r a t h e r t h a n c o m p l e t e d e s i g n a n a l y s i s . U n i t s have been d e s i g n e d t o 

m i n i m i z e s t r e s s s i m p l y by i n c r e a s i n g t h e s e c t i o n d i m e n s i o n and e l i m i n a t i n g 

s t r e s s c o n c e n t r a t i o n s r a t h e r t h a n by d e t e r m i n i n g v a l u e s o f s t r e s s and 

d e s i g n t h e u n i t a c c o r d i n g l y . Some c o n c r e t e armor u n i t s have been d e s i g n e d 

w i t h r e i n f o r c i n g s t e e l . I t has been g e n e r a l l y assumed t h a t t h e wave- o r 

movement-induced l o a d i n g s w i l l n o t p r o d u c e t e n s i l e s t r e s s e s p r o d u c i n g 

f a i l u r e . 

For l a r g e armor u n i t s t h e s t r e s s e s i n d u c e d by t h e w e i g h t o f t h e u n i t 

i t s e l f w i l l be s i g n i f i c a n t , and t o l e r a b l e a d d i t i o n a l l o a d i n g s w i l l be l e s s 

t h a n f o r l i g h t e r u n i t s . 

C o n c r e t e armor u n i t s have n o t been d e s i g n e d f o l l o w i n g a c c e p t e d c o n 

c r e t e d e s i g n p r a c t i c e r e s u l t s because t h e movements o f u n i t s , t h e l o a d i n g s 

imposed on u n i t s , and t h e r e s u l t i n g s t r e s s d i s t r i b u t i o n s a t e n o t known. 

For s t r u c t u r e s where l a r g e u n i t s a r e used and where t h e i n t e g r a l s t r e n g t h 

o f i n d i v i d u a l u n i t s i s c r i t i c a l t o t h e s u r v i v a l o f t h e armor l a y e r , t h e 

u n i t s s h o u l d be d e s i g n e d such t h a t l i t t l e o r no movement o c c u r s w i t h i n t h e 

armor l a y e r . A l t e r n a t i v e l y , c o n s i d e r a t i o n can be g i v e n t o s m a l l i n - p l a c e 

movements i f r e i n f o r c e m e n t can be d e s i g n e d t o accommodate t h e dynamic 

s t r e s s e s i n v o l v e d . 

A more d e t a i l e d t r e a t m e n t o f t h e a n a l y t i c a l f o r m u l a e f o r d e s i g n o f 

v a r i o u s armor t y p e s i s g i v e n i n t h e r e p o r t o f t h e I n t e r n a t i o n a l Commission 

f o r t h e S t u d y o f Waves (PIANC, 1 9 7 6 ) . The r e p o r t i s t h e s t a n d a r d r e f e r e n c e 

f o r d e s i g n o f r u b b l e mound s t r u c t u r e s i n Europe. The d i s c u s s i o n i n t h i s 

s e c t i o n i s i n t e n d e d t o s u p p l e m e n t t h a t g i v e n i n t h e PIANC r e p o r t . 
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APPENDIX K 

REPORT ON DIMENSIONS OF DOLOS 

TO BE USED ON MAIN BREAKWATER 

A l e t t e r r e p o r t f r o m 

Ber t l i n - C o n s u l m a r - L u s o t e c h n a 

t o G a b i n e t e da Area de S i n e s , 

d a t e d 30 Au g u s t 1973. 
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PORT OF SINES 

REPORT ON DIMENSIONS 

OF DOLOS TO BE USED ON MAIN BREAKWATER 

Re v i s e d V e r s i o n o f 3 0 t h August 1973 

1 - INTRODUCTION 

1.1 - Do l o s a r e a r t i f i c i a l b l o c k s o f c o n c r e t e f o r use i n s l o p e d b r e a k 

w a t e r s , and o f v e r y r e c e n t d e v e l o p m e n t , w h i c h o f f e r t h e a d v a n t a g e 

o v e r o l d e r f o r m s o f g r e a t e r s t a b i l i t y . The a p p l i c a t i o n o f f o r m u l a s 

f o r i t s c a l c u l a t i o n / d e s i g n , o f t h e t y p e o f t h e Hudson f o r m u l a f o r 

o t h e r t y p e s o f b l o c k s , i s s t i l l i n t h e r e s e a r c h and i n i t i a l s t u d y 

s t a g e s f o r w h i c h r e c o u r s e t o model t e s t s i s t h e o n l y a v a i l a b l e means 

f o r d i m e n s i o n i n g b r e a k w a t e r s w i t h such b l o c k s . 

1.2 - The summary t e s t s c o m p l e t e d i n August 1973 by LNEC i n d i c a t e d t h a t t h e 

3 0 - t o n d o l o s s p e c i f i e d i n t h e a n t e - p r o j e c t c o u l d r e s i s t , w i t h v e r y 

l i t t l e damage, waves o f t h e s i g n i f i c a n t h e i g h t o f 12 m c o r r e s p o n d i n g 

t o a p r o b a b i l i t y o f o c c u r r e n c e o f once i n 100 y e a r s . 

1.3 - The v e r y c a r e f u l and e x t e n s i v e t e s t s c o m p l e t e d a l s o by LNEC, and 

d e s c r i b e d i n t h e R e p o r t o f J a n u a r y 1973, l e d t o a more p e s s i m i s t i c 

c o n c l u s i o n . However, t h e d o l o s used i n t h e s e t e s t s were o f a l e s s e r 

d e n s i t y t h a n t h e p h o t o t y p e d o l o s , f o r w h i c h r e a s o n i t i s d i f f i c u l t t o 

i n t e r p r e t t h e s e r e s u l t s . 

1.4 - The (wave) s e r i e s i n i t i a l l y a d o p t e d f o r p r o j e c t d e s i g n waves (H^ = 

12 ra, Hg = 10 m, H^ = 9 m, H^ = 6.5 m, f o r t h e maximum s i g n i f i c a n t 

wave w h i c h c o u l d o c c u r r e s p e c t i v e l y : once i n 100 y r s , once i n 30 

y r s , once i n 10 y r s , and once i n 1 y e a r ) w h i c h was deduced f r o m t h e 

v i s u a l t e s t made a t F i g u e i r a da Foz, must be presumed, i n v i e w o f t h e 

r e c o r d s o f 2 y e a r s made by t h e D a t a w e l l buoy l o c a t e d a t S i n e s , t o 

c o r r e s p o n d t o c o n d i t i o n s worse t h a n t h e t r u e c o n d i t i o n s . 

1.5 - R e f e r e n c e must be made t o t h e t e s t s e x e c u t e d i n P a r i s by C o n d o t t e 

d'Acqua w h i c h i n d i c a t e d t h a t t h e 30 t d o l o s were s t a b l e . T h e i r 

i n t e r p r e t a t i o n i s , however, d u b i o u s . 
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1.6 - T a k i n g I n t o a c c o u n t I n f o r m a t i o n a v a i l a b l e a t t h e t i m e , t h e p r e s e n t 

r e p o r t i s d e s t i n e d t o a s c e r t a i n w h e t h e r t h e 3 0 - t d o l o s r e t a i n e d i n 

t h e a n t e - p r o j e c t phase can be used, o r i n case o f d o u b t , what a r e t h e 

d i m e n s i o n s t o be r e t a i n e d t o a v o i d t r o u b l e i n t h e e x e c u t i o n o f t h e 

wo r k s and a d e f i c i e n t p e r f o r m a n c e o f t h e s t r u c t u r e . 

2 - SELECTION OF PROJECT/DESIGN WAVE 

2.1 - C r i t e r i a 

As s t a t e d i n Volume I I o f t h e a n t e - p r o j e c t " B a s i c Data," t h e s e l e c t i o n 

o f b l o c k s f o r t h e p r o t e c t i o n c o v e r was based on t h e f o l l o w i n g 

c r i t e r i a : 

(1) O s c i l l a t i o n o f t h e b l o c k s i n s t o r m s o f a v i o l e n c e w i t h a 

f r e q u e n c y o f 1 i n 10 y e a r s ; 

(2) I n i t i a l d i s p l a c e m e n t o f some b l o c k s i n s t o r m s v / i t h a f r e q u e n c y 

o f 1 i n 30 y e a r s ; 

(3) D i s p l a c e m e n t f r o m o r i g i n a l p o s i t i o n o f up t o 1% o f t h e b l o c k s i n 

st o r m s w i t h a f r e q u e n c y o f 1 i n 100 y e a r s . 

I t i s b e l i e v e d t h a t t h e r e i s no r e a s o n n o t t o s e l e c t t h e b l o c k w e i g h t 

by t h e s e c r i t e r i a . 

2 . 2 - O b s e r v a t i o n s a t F i g u e i r a da Foz 

The d e t e r m i n a t i o n o f t h e wave h e i g h t by v i s u a l o b s e r v a t i o n s made by 

buoy a t F i g u e i r a da Foz i s based on t h e r e p o r t by Castanho and R e i s de 

C a r v a l h o (May 1 9 7 2 ) . These d a t a were t h e o n l y ones a v a i l a b l e a t t h e 

t i m e o f p r e p a r i n g t h e a n t e - p r o j e c t s . The b a s i c d a t a were d e r i v e d f r o m 

6 y e a r s o f v i s u a l o b s e r v a t i o n s a t F i g u e i r a da Foz. 

U n f o r t u n a t e l y , t h e s e o b s e r v a t i o n s were n o t e x e c u t e d c o n t i n u o u s l y , 

p r e s u m a b l y because o f t h e damage s u f f e r e d by t h e buoy d u r i n g t h e more 

s e v e r e s t o r m s . I n f a c t , n e a r l y a h a l f o f t h e o b s e r v a t i o n s t h a t s h o u l d 

have been made a r e n o t i n c l u d e d i n t h e r e c o r d s . I n v i e w o f t h e 

p o s i t i o n o f S i n e s a t 240 kms t o t h e s o u t h o f F i g u e i r a da Foz, i t i s 

n o t l i k e l y t h a t s t o r m s a t S i n e s a r e as s e v e r e as t h o s e r e c o r d e d a t 

F i g u e i r a da Poz. An a d j u s t m e n t o f t h e h e i g h t s o f waves was made by 

E n g i n e e r s C a s t a n h o , R e i s de C a r v a l h o , and Vera Cruz. I t i s p o s s i b l e 
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t h a t t h i s a d j u s t m e n t r e s u l t e d i n a d i s t o r t i o n o f t h e p r o b a b i l i t y 

f a c t o r and an e x c e s s i v e r e d u c t i o n o f t h e g r e a t e s t wave h e i g h t s . 

2 . 3 - Records a t S i n e s 

As s t a t e d i n t h e a n t e - p r o j e c t , a few more d a t a on t u r b u l e n c e t a k e n by 

t h e D a t a w e l l buoy a t S i n e s were t a k e n i n t o a c c o u n t . The a n a l y s e s o f 

s t a t i s t i c a l p r o b a b i l i t y were made on t h e b a s i s o f r e g u l a r waves 

d u r i n g a p e r i o d o f 1 y e a r (October 1971 t o Oc t o b e r 1 9 7 2 ) . The p e r i o d 

o f o b s e r v a t i o n i s t o o s h o r t f o r t h e r e l i a b i l i t y o f t h e s e l e c t i o n , a l l 

t h e more so because t h e t u r b u l e n c e a r o u n d our c o a s t s i s known t o v a r y 

c o n s i d e r a b l y f r o m y e a r t o y e a r . The r e c o r d s a t S i n e s have t h e m e r i t 

o f h a v i n g been t a k e n i n t h e l o c a t i o n o f t h e p r o p o s e d b r e a k w a t e r , by 

r e c o r d i n g e q u i p m e n t o f h i g h r e l i a b i l i t y . Though t h e p e r i o d o f o b s e r 

v a t i o n i s v e r y s h o r t , t h e r e c o r d s a t S i n e s d e s e r v e , a f t e r a l l , a t 

l e a s t t h e same c o n f i d e n c e as t h e r e s u l t s o f t h e v i s u a l o b s e r v a t i o n s 

made a t F i g u e i r a da Foz. 

2.4 - Second R e p o r t by E n g i n e e r s C a s t a n h o , R e i s de C a r v a l h o , and Ve r a Cruz 

I n A u g u s t 1973, t h e r e was s e n t t o t h e C o n s o r t i u m BCL t h e r e p o r t 

c o v e r i n g t h e 2nd phase o f t h e M a r i n e T u r b u l e n c e S t u d y o f S i n e s drawn 

up by E n g i n e e r s Castanho, R e i s de C a r v a l h o , and Vera C r u z . T h i s 

r e p o r t c o n t a i n s a r e v i e w o f a l l t h e i n f o r m a t i o n a v a i l a b l e up t o J u l y 

1973, i n d i c a t i n g t h e most p r o b a b l e s i g n i f i c a n t wave h e i g h t s as 

f o l l o w s : 

i n 5 y e a r s : 7.40 m 

i n 10 y e a r s : 8.10 m 

i n 30 y e a r s : 8.90 m 

G i v e n t h e s h o r t p e r i o d o f o b s e r v a t i o n s made a t S i n e s i t i s c o n s i d e r e d 

i m p r u d e n t t o base on t h e s e v a l u e s t h e d i m e n s i o n i n g o f a work as l a r g e 

as t h e west b r e a k w a t e r . 

2 . 5 - D e s i g n wave t o a d o p t f o r d i m e n s i o n i n g t h e d o l o s 

C o n s i d e r i n g t h a t t h e r e c o r d s o f F i g u e i r a da Foz a r e i n c o m p l e t e , t h e r e 

c a n n o t be much c o n f i d e n c e p l a c e d i n t h e t r a n s p o s i t i o n o f t h e F i g u e i r a 

da Poz w a v e - h e i g h t f o r t h a t o f S i n e s . T h e r e f o r e , we a d v o c a t e t h e 

a d o p t i o n o f t h e mean o f t h e v a l u e s e s t a b l i s h e d on t h e b a s i s o f t h e 

o b s e r v a t i o n s o f F i g u e i r a da Foz d u r i n g 6 y e a r s , and t h o s e e s t a b l i s h e d 
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on t h e b a s i s o f t h e o b s e r v a t i o n s a t S i n e s d u r i n g 1 y e a r , i n o r d e r t o 

d i m e n s i o n t h e d o l o s . The two s e t s o f w a v e - h e i g h t s and t h e i r mean a r e 

summarised i n T a b l e 1 as a l s o t h e recommended v a l u e s o f t h e Second 

Phase R e p o r t o f E n g i n e e r s C a s t a n h o , R e i s de C a r v a l h o , and Ve r a Cruz. 

TABLE 1 - Maximum W a v e - h e i g h t s E s t a b l i s h e d f o r S i n e s 

Maximum 

S i g n i f i c a n t 

Wave 

H„ (m) 

E v a l u a t e d 

f o r 

F i g u e i r a 

E v a l u a t e d 

f o r 

S i n e s by 

a d j u s t m e n t 

o f F i g u e i r a 

V a l u e s 

E v a l u a t e d Recommended 

f r o m V a l u e s Second 

D a t a w e l l (Mean o f phase 

O b s e r v a t i o n s 2 p r e c e d i n g Castanho 

a t S i n e s v a l u e s ) R e p o r t 

Once i n 10 y r s 12,8 m 9 m 

Once i n 30 y r s — 10 ra 

Once i n 100 y r s 16.4 m 12 m 

7.7 ra 

8.8^m 

9.9 m 

8.4 m 8.1 m 

9.4 m 8.9 m 

11.0 ra 

3 - SELECTION OF PROTECTION BLOCKS 

3.1 - C r i t e r i a 

The u n i t w e i g h t o f t h e b l o c k s s h o u l d be s e l e c t e d w i t h t h e m a g n i t u d e o f 

t h e works i n m i n d , as a l s o t h e r e p e r c u s s i o n s w h i c h an a c c i d e n t t o t h e 

b r e a k w a t e r c o u l d have on t h e whole complex. T h a t i s why t h e e x e c u t i o n 

o f model t e s t s , f o r t h e s t u d y o f t h e p r o p o s e d b r e a k w a t e r c r o s s -

s e c t i o n , i s c o n s i d e r e d t o be v e r y i m p o r t a n t , u s i n g , o f c o u r s e , d o l o s 

o f t h e c o r r e c t d o w n - s c a l e . 

Four s e r i e s o f raodel t e s t s have a l r e a d y been made, as summarized 

b e l o w . 

3.2 - LNEC t e s t s o f August 1972 

The r e p o r t on t h e t e s t s made on a c r o s s - s e c t i o n s i m i l a r t o t h a t 

a d o p t e d f o r t h e a n t e - p r o j e c t c o n c l u d e d t h a t t h e 3 0 - t d o l o s w o u l d 

r e s i s t wave h e i g h t s o f a p p r o x i m a t e l y 14 m. O n l y one d o l o was d i s 

p l a c e d by a w a v e - h e i g h t o f 12 m. 
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However, t h e s e t e s t s were made h u r r i e d l y w i t h a v i e w o f o b t a i n i n g a 

p r e l i m i n a r y i n d i c a t i o n and were n o t as c o m p l e t e as t h o s e m e n t i o n e d i n 

t h e l a t e r r e p o r t . 

R e p o r t on LNEC t e s t s o f J a n u a r y 1973 

3.3 - The c r o s s - s e c t i o n t e s t e d by LNEC i n J a n u a r y 1973 was t h e one 

p r e s e n t e d i n t h e a n t e - p r o j e c t e x c e p t i n g some d e t a i l s i n d i c a t e d 

b e l o w . 

3.4 - The r e s u l t s o f t h e t e s t s were c e r t a i n l y i n f l u e n c e d by t h e f a c t o f t h e 

p o r o s i t y — p a r t i c u l a r l y i n t h e upper p a r t o f t h e TOT c o r e — h a v i n g 

been g r e a t e r t h a n t h a t o f t h e p r o t o t y p e . The e f f e c t o f t h e g r e a t e r 

p o r o s i t y i s , however, d i f f i c u l t t o e v a l u a t e . 

3.5 - To a c c e l e r a t e t h e e x e c u t i o n o f t h e t e s t s , i t was a g r e e d t o d i s p e n s e 

w i t h p a r t o f t h e s y s t e m a t i z a t i o n i n i t i a l l y recommended. T h i s c i r 

cumstance a l s o c o n t r i b u t e d t o maki n g t h e i n t e r p r e t a t i o n o f t h e 

r e s u l t s d i f f i c u l t , on w h i c h o n l y p r o v i s i o n a l c o n c l u s i o n s can be 

drawn, t o be c o n f i r m e d i n l a t e r t e s t s . 

3.6 - T a b l e 2 p r e s e n t s a summary o f t h e c o n c l u s i o n s made on t h e b a s i s o f 

t h e v a r i o u s g r o u p s o f t e s t r e s u l t s . 

TABLE 2 - R e s u l t s o f LNEC T e s t s o f J a n u a r y 1973 

„ , i J 1 W a v e - h e i g h t H 
P e r f o r m a n c e o f d o l o s s 

B e g i n n i n g o f o s c i l l a t i o n 8 m 

B e g i n n i n g o f d i s p l a c e m e n t 10 m 

1% o f d o l o s d i s p l a c e d 10.5 m 

5% o f d o l o s d i s p l a c e d 12.5 m 

3.7 - These r e s u l t s a r e much worse t h a n t h o s e o b t a i n e d i n t h e i n i t i a l 

t e s t s . However, i t was f o u n d t h a t t h e models used were t o o l i g h t . 

As a m a t t e r o f f a c t , t h e s p e c i f i c w e i g h t o f t h e d o l o s models was 2.24 

i n s t e a d o f 2.47, w h i c h w o u l d r e p r e s e n t i n f r e s h w a t e r t h e p e r f o r 

mance i n sea w a t e r o f d o l o s w i t h a s p e c i f i c w e i g h t o f 2.53, a v a l u e 
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w h i c h i s t h e minimum s p e c i f i c v ; e i g h t p e r m i s s i b l e f o r c o n c r e t e used 

f o r d o l o s t o be made i n S i n e s . 

3.8 - F u r t h e r m o r e , t h e d i m e n s i o n s o f t h e d o l o s m o dels were s l i g h t l y 

g r e a t e r t h a n t h o s e c o r r e s p o n d i n g t o t h e r e d u c t i o n s c a l e o f 1/62, and 

t h e r e f o r e more s u b j e c t t o s t r e s s by t h e a c t i o n o f t h e waves. 

For t h a t r e a s o n , i t i s b e l i e v e d t h a t t h e wave h e i g h t s i n d i c a t e d i n 

t h e r e p o r t s h o u l d be r e d u c e d by a f a c t o r i n t h e o r d e r o f 59/62 by 

r e a s o n o f t h e l i n e a r s c a l e o f t h e d o l o s models b e i n g 1/59 and n o t 

1/62 as s t a t e d i n t h e r e p o r t . 

3.9 - The r e p e r c u s s i o n s o f t h e s e d i s c r e p a n c i e s between raodel and p r o t o t y p e 

raay be e v a l u a t e d by means o f Hudson's f o r m u l a c r e a t e d f o r s t o n e 

r u b b l e c o v e r s , or by u s i n g t h e r e s u l t s o f s t u d i e s now b e i n g c o n d u c t e d 

by Zwamborn and B e u t e . 

3.10 - C o r r e c t i o n by Hudson's F o r m u l a 

A t p r e s e n t Hudson's f o r m u l a i s t h e one most f r e q u e n t l y used f o r 

d e t e r r a i n i n g t h e b l o c k s o f p r o t e c t i o n cover on t h e b a s i s o f wave 

h e i g h t ! 

I n t h i s e q u a t i o n H i s p r o p o r t i o n a l t o (y^/y^ "D • 

W = 5 

k, (Yg/Y^ -1) cot«: 

The wave h e i g h t s o b t a i n e d s h o u l d t h e r e f o r e be m u l t i p l i e d by t h e 

f a c t o r 

= 1.185 

3.11 - C o r r e c t i o n by Zwamborn and Beute f o r m u l a 

A c c o r d i n g t o t h e s e a u t h o r s t h e i n t e r l o c k i n g c a p a c i t y o f t h e d o l o s i s 

one o f t h e ma i n f a c t o r s c o n t r i b u t i n g t o t h e i r s t a b i l i t y . Hudson's 

f o r m u l a was c r e a t e d f o r b l o c k s i n w h i c h t h e main s t a b i l i s i n g f a c t o r 

i s w e i g h t . Zwamborn and Beute p r o p o s e , t h e r e f o r e , t h a t Hudson's 

f o r m u l a be c o r r e c t e d and a d m i t t h a t f o r d o l o s 

H be p r o p o r t i o n a l t o (Yg/Y^ - l ) " ' " ^ ' ^ . 
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Thus, t h e w a v e - h e i g h t s c o r r e s p o n d i n g t o t h e r e s u l t s o f t h e LNEC 

t e s t s s h o u l d be m u l t i p l i e d by t h e f a c t o r 

^ 1 , 1 8 5 = 1.06 

3.12 - Comparison o f B o t h Methods o f C o r r e c t i o n 

The r e s u l t s o f t h e c o r r e c t i o n s o f wave h e i g h t s f o r d o l o s o f a 

n o m i n a l w e i g h t o f 30 t ( t h e p r e s e n t minimum w e i g h t o f t h e s e b l o c k s 

i s 31.4 t ) a r e as p r e s e n t e d i n T a b l e 3. 

TABLE 3 - C o r r e c t e d W a v e - h e i g h t s 

P e r f o r m a n c e o f R e s u l t s i n t e r p o l a t e d C o r r e c t e d H e i g h t s 

3 0 - t d o l o s i n model ( J a n . 1973) Hudson Zwamborn 

B e g i n n i n g o f o s c i l l a t i o n 8.0 9.0 8.1 

B e g i n n i n g o f d i s p l a c e m e n t 10.0 11.3 10.1 

1% o f d o l o s d i s p l a c e d 10.5 11.85 10.6 

5% o f d o l o s d i s p l a c e d 12.5 1 4 . 1 12.6 

3.13 - On c o m p a r i n g t h e v a l u e s o f T a b l e s 3 and 1 t h e c o n c l u s i o n i s t h a t i f 

t h e c o r r e c t i o n was made by Hudson's f o r m u l a , t h e 3 0 - t d o l o s a c c o r d 

w i t h t h e p r o j e c t c r i t e r i a and i n p r a c t i c a l t e r m s w i t h t h e c r i t e r i a 

o f t h e a n t e - p r o j e c t . On t h e o t h e r hand, t h e Zwamborn and Beute 

f o r m u l a I n d i c a t e t h a t t h e 30 t d o l o s w o u l d be u n d e r - d i m e n s i o n e d f o r 

t h e e x t r a p o l a t e d waves o f F i g u e i r a da Foz, b u t c o u l d be adequate f o r 

t h e waves a t S i n e s d e t e r m i n e d on t h e b a s i s o f t h e D a t a w e l l r e c o r d s . 

Por wave h e i g h t s o f 12 m, damage c o u l d amount t o 3 t o 4% o f d o l o s 

d i s p l a c e d , much g r e a t e r t h a n t h e 1 % w h i c h c o u l d be c o n s i d e r e d 

p e r m i s s i b l e . 

3.14 - I n v i e w o f t h e d o u b t s e x i s t i n g a t t h e t i m e o f t h e t e n d e r c o m p l e t i o n 

i n r e g a r d t o t h e p e r f o r m a n c e o f 30 t d o l o s , t h e c o m p e t i t o r s were 

r e q u e s t e d t o q u o t e p r i c e s f o r t h e use o f 40 t d o l o s i n s t e a d o f 30 t 

d o l o s . 

3.15 - The r e s u l t s o f t h e LNEC t e s t s were used t o e v a l u a t e t h e s t a b i l i t y o f 

40 t d o l o s on t h e b a s i s o f c r i t e r i a m e n t i o n e d i n 3.10 and 3.11. 
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T a b l e 4 g i v e s t h e wave h e i g h t s f o r d i f f e r e n t d e g r e e s o f d i s p l a c e 

ment o f t h e s e b l o c k s . 

TABLE 4 - Wave-heights f o r 40 t d o l o s 

P e r f o r m a n c e o f 

4 0 - t d o l o s 

Wave H e i g h t s 

Hudson zwamborn 

B e g i n n i n g o f o s c i l l a t i o n 9.75 m 8.75 m 

B e g i n n i n g o f d i s p l a c e m e n t 12.2 m 10.9 m 

1% o f d o l o s d i s p l a c e d 12.8 m 11.45 m 

5% o f d o l o s d i s p l a c e d 15.25 m 13.6 m 

3.16 - W i t h t h e r e s e r v a t i o n s i n h e r e n t i n t h e f o r m o f e v a l u a t i o n , i t i s 

c o n c l u d e d t h a t t h e 40 t d o l o s a c c o r d w i t h t h e c r i t e r i a p r o p o s e d 

f o r t h e p r o j e c t , e x c e p t i n t h e case o f a p p l i c a t i o n o f t h e Zwamborn 

and Beute method t o t h e waves d e t e r m i n e d on t h e b a s i s o f t h e 

F i g u e i r a da Foz o b s e r v a t i o n s . 

3.17 - G i v e n t h a t no a d e q u a t e method i s known f o r c o r r e c t i n g t h e r e s u l t s 

o f t e s t s made i n t h e c o n d i t i o n c i t e d above, i t i s i m p e r a t i v e t o 

e x e c u t e new t e s t s , u s i n g d o l o s models i n f u l l s c a l e o f b o t h w e i g h t 

and d i m e n s i o n s t o o b t a i n c o n f i r m a t i o n o f t h e adequacy o f 30 t 

d o l o s . The new t e s t s s h o u l d be made w i t h t h e b r e a k w a t e r c r o s s -

s e c t i o n p r o p o s e d by t h e a d j u d i c a t o r and w h i c h w i l l be a d o p t e d f o r 

t h e p r o j e c t . 

T e s t s by C o n d o t t e d'Acqua 

3.18 - C o n d o t t e d'Acqua had t e s t s made on models a t LCHF, P a r i s , f o r 

c h e c k i n g t h e p e r f o r m a n c e o f t h e i r a l t e r n a t i v e s o l u t i o n f o r t h e 

w e s t b r e a k w a t e r . 

3.19 - I n p r i n c i p l e , t h e r e s u l t s i n d i c a t e d t h a t t h e 30 t d o l o s w o u l d 

c e r t a i n l y be adequate f o r 15 m h i g h waves. The t a b l e s o f t h e r e p o r t 

i n d i c a t e l i t t l e damage. However, t h i s i s deemed t o be a d e f e c t i n 

t h e r e p o r t , as t h e t e x t s t a t e s t h a t a t o t a l o f 6% o f t h e d o l o s were 

d i s p l a c e d d u r i n g t h e t e s t s . 
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3.20 - On t h e o t h e r hand, t h e c r o s s - s e c t i o n p r o p o s e d by t h e c o m p e t i t o r was 

t e s t e d f o r o n l y 1 t o 3.5 h o u r s ( t i m e i n p r o t o t y p e ) , i n s t e a d o f t h e 

12 h o u r s s p e c i f i e d i n t h e b a s i c d a t a . 

The d o l o s used i n t h e s e t e s t s were a l s o t o o l i g h t . These d e f i c i e n 

c i e s were c o n s i d e r e d a c c e p t a b l e , g i v e n t h e s h o r t t i m e a v a i l a b l e f o r 

t h e t e s t s , and t h e f a c t o f c l a i m i n g t o a p p r e c i a t e i n p r i n c i p l e t h e 

m a g n i t u d e o f t h e w a v e - t o p p i n g i n t h e a l t e r n a t i v e s o l u t i o n . How

e v e r , t h e c i r c u m s t a n c e s c i t e d a r e p r e j u d i c i a l t o t h e v a l u e o f t h e 

t e s t s as a means o f e v a l u a t i n g t h e s t a b i l i t y o f 30 t d o l o s . 

3.21 - LNEC T e s t s w i t h I r r e g u l a r Waves 

The a n t e - p r o j e c t c r o s s - s e c t i o n was t e s t e d a t LNEC w i t h i r r e g u l a r 

waves. U n f o r t u n a t e l y , t h e t e s t t e c h n i q u e i s v e r y r e c e n t and does 

n o t y e t p e r m i t d r a w i n g f a v o r a b l e c o n c l u s i o n s on t h e s t a b i l i t y o f t h e 

d o l o s . The r e p o r t c o n c l u d e s t h a t t h e i r s t a b i l i t y i s n o t i n f e r i o r t o 

t h a t i n d i c a t e d w i t h r e g u l a r wave. 

4 - COST OF INCREASING DIMENSIONS OF DOLOS 

4.1 - The a d j u d i c a t o r has e s t a b l i s h e d an i n c r e a s e i n c o s t o f $200 per c u b i c 

m e t e r o f c o n c r e t e i n t h e use o f 40 t i n s t e a d o f 30 t d o l o s . 

4.2 - G i v e n t h a t t h e i n c r e a s e i n volume o f c o n c r e t e w o u l d be 8% (were t h e 

40 t d o l o s t o be s u b s t i t u t e d f o r t h e 30 t and t h e p r i c e s now p r o p o s e d 

a c c e p t e d ) , t h e i n c r e a s e i n the t o t a l c o s t o f t h e b r e a k w a t e r w o u l d be 

a b o u t 70,000 c o n t o s . 

4.3 - I f t h e u n i t p r i c e s p r o p o s e d by t h e c o m p e t i t o r f o r 30 t and 15 t d o l o s 

had n o t been i n c r e a s e d , as o t h e r c o m p e t i t o r s a l l o w e d , the use o f 40 t 

d o l o s w o u l d e n t a i l an i n c r e a s e i n c o s t o f t h e o r d e r o f 20,000 c o n t o s 

5 - REPERCUSSIONS OF EVENTUAL DAMAGE TO DOLOS COVER 

5.1 - A v a i l a b l e i n f o r m a t i o n l e a d s one t o f e a r t h a t t h e 30 t d o l o s w o u l d 

s u f f e r d i s p l a c e m e n t s t o t a l l i n g o v e r 1 % , a p e r c e n t a g e s a i d t o have a 

f r e q u e n c y o f 1 i n 100 y e a r s . S h o u l d t h e d i s p l a c e m e n t s be o f t h e 

o r d e r o f 3% and b r o k e n / s e v e r e d d o l o s o f a s i m i l a r o r d e r , t h e r e p a i r 

o f damage c o u l d r e a c h a b o u t 6% o f t h e t o t a l number o f b l o c k s , o r 

a b o u t 1,100 d o l o s ( i n a c c o r d a n c e w i t h a n t e - p r o j e c t c a l c u l a t i o n s ) . 
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G i v e n t h a t t h e c o s t o f r e p a i r work w o u l d be t h r e e t i m e s t h e C o n d o t t e 

p r o p o s a l c o s t , t h e c o s t o f r e p a i r s w o u l d t o t a l a b o u t 52,000 c o n t o s . 

5.2 - I t s h o u l d be n o t e d t h a t t h e t e s t s made i n v a r i o u s l a b o r a t o r i e s 

i n d i c a t e t h a t t h e s t a b i l i t y o f d o l o s c o v e r s i s a t t r i b u t a b l e t o t h e 

I n t e r l o c k i n g system used, and a l s o t h a t t h e d o l o s c o v e r s b e g i n t o 

d i s i n t e g r a t e as soon as some d o l o s a r e d i s p l a c e d f r o m t h e i r o r i g i n a l 

p o s i t i o n s . 

5.3 - These c i r c u m s t a n c e s cause d o u b t s a b o u t t h e d i m e n s i o n i n g o f t h e d o l o s 

because o f t h e p e r f o r m a n c e o f t h e d o l o s c o v e r s , and make a d v i s a b l e a 

s e l e c t i o n o f w e i g h t o f d o l o s w h i c h w o u l d l i m i t t h e p e r c e n t a g e o f 

d i s p l a c e m e n t t o a v e r y low l e v e l , a t most 1 t o 2% even f o r s t o r m s o£ 

v e r y low f r e q u e n c y . 

5.4 - The r e p e r c u s s i o n s on t h e e x p l o i t a t i o n o f t h e p o r t w h i c h e x t e n s i v e 

r e p a i r w orks on t h e b r e a k w a t e r c o v e r w o u l d cause a r e d i f f i c u l t t o 

as s e s s . Even i f t h e b r e a k w a t e r c r o s s - s e c t i o n were d e s i g n e d i n s u c h a 

way as t o p e r m i t t h e o p e r a t i o n o f t h e d o l o s - p l a c i n g h o i s t a t h i g h 

l e v e l s w i t h a minimum d i s t u r b a n c e o f t h e l o a d i n g and u n l o a d i n g 

o p e r a t i o n s , e x p e r i e n c e shows t h a t t h o s e s e r v i c e s w o u l d have t o b e 

i n t e r r u p t e d and c o u l d be resumed o n l y a f t e r t h e l a p s e o f some t i m e 

f o l l o w i n g t h e c o m p l e t i o n o f r e p a i r w o r k s . The c o s t s r e s u l t i n g f r o m 

t h e i n t e r r u p t i o n o f p o r t s e r v i c e s w o u l d depend on t h e d e n s i t y o f 

t r a f f i c , b u t w o u l d i n any case be v e r y h i g h . T h e r e f o r e , t h e r e c o u l d 

be no j u s t i f i c a t i o n f o r e c o n o m i z i n g on t h e c o s t o f co v e r and r a i s i n g 

t h e c o s t o f p o r t o p e r a t i o n s by i n c r e a s e d m a i n t e n a n c e , t h r o u g h h a v i n g 

a d o p t e d c r i t e r i a i n f e r i o r t o t h a t a d o p t e d i n i t i a l l y as m e n t i o n e d i n 

2.1 o f t h i s r e p o r t . 

6 - CONCLUSIONS 

6.1 - There a r e g r o u n d s f o r b e l i e v i n g t h a t t h e e x t r e m e v a l u e s e s t a b l i s h e d 

f o r wave h e i g h t s a t S i n e s on t h e b a s i s o f a n a l y s i s o f t h e F i g u e i r a d a 

Foz o b s e r v a t i o n s a r e e x c e s s i v e . However, t h e f a c t o f o n l y 1 y e a r o f 

r e c o r d s a t S i n e s does n o t p e r m i t c o m p l e t e r e j e c t i o n o f t h e f o r e c a s t s 

made. T h e r e f o r e , i t i s recommended t h a t u n t i l more r e l i a b l e i n f o r 

m a t i o n i s a v a i l a b l e , a mean o f t h e F i g u e i r a da Foz-based v a l u e a n d 

t h e S i n e s - b a s e d v a l u e s h o u l d be a d o p t e d . 
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6.2 - The most r e l i a b l e l a b o r a t o r y t e s t s f o r e v a l u a t i n g t h e s t a b i l i t y o f 

t h e d o l o s a r e t h o s e m e n t i o n e d i n t h e LNEC R e p o r t o f J a n u a r y 1973, 

w i t h r e g u l a r waVes. However, t h e d o l o s used were t o o l i g h t , and t h e 

i n t e r p r e t a t i o n o f t h e r e s u l t s does n o t p e r m i t r e l i a b l e c o n c l u s i o n s 

on w h e t h e r 3 0 - t d o l o s a r e adequate f o r t h e S i n e s b r e a k w a t e r . 

6.3 - I t was u r g e n t l y recommended t o p r o c e e d w i t h t e s t s on m o d e l s w i t h t h e 

c r o s s - s e c t i o n o f t h e b r e a k w a t e r t o be c o n s t r u c t e d , u s i n g 3 0 - t d o l o s 

w i t h t h e c o r r e c t w e i g h t and d i m e n s i o n s i n s c a l e . These t e s t s w o u l d 

c o n f i r m w h e t h e r 3 0 - t d o l o s w o u l d be a d e q u a t e f o r S i n e s . 

6.4 - A summary i n t e r p r e t a t i o n o f t h e t e s t s a l r e a d y e x e c u t e d i n d i c a t e s 

t h a t 4 0 - t d o l o s w o u l d be s u f f i c i e n t l y s t a b l e i n t h e c o n d i t i o n s o f 

t u r b u l e n c e w h i c h a r e p r o b a b l e f o r S i n e s . 

6.5 - A c o v e r o f 4 0 - t d o l o s w o u l d have a g r e a t e r t h i c k n e s s , w h i c h w o u l d 

c o n t r i b u t e t o t h e r e d u c t i o n o f w a v e - t o p p i n g , a g r e a t a d v a n t a g e f o r 

t h e m a i n t e n a n c e o f t h e p i p e s . 

6.6 - G i v e n t h a t t h e l a b o r a t o r y t e s t s c o u l d n o t be c o m p l e t e d b e f o r e t h e 

d e a d l i n e f o r t h e c o n t r a c t o r t o p l a c e o r d e r s f o r n e c e s s a r y e q u i p m e n t , 

i t i s a d v i s a b l e t o make p r o v i s i o n f o r t h e use o f 4 0 - t d o l e s , i n case 

t h e 3 0 - t d o l o s a r e r e v e a l e d by t h e t e s t s t o be i n s u f f i c i e n t l y s t a b l e , 

y e t t r y i n g n e v e r t h e l e s s t o r e d u c e t o a minimum t h e c o s t s r e s u l t i n g 

f r o m p r e s e n t d o u b t s . 

6.7 - D e s p i t e t h e f a c t t h a t t h e use o f 40 t d o l o s imposes a n i n c r e a s e o f 8% 

i n t h e q u a n t i t y o f c o n c r e t e r e q u i r e d f o r t h e b l o c k s o f t h e p r o t e c t i o n 

c o v e r , and t h a t t h e i n c r e a s e i n c o s t s o f $200/m^ o f c o n c r e t e o r d e r e d 

by t h e a d j u d i c a t o r , we a r e o f t h e o p i n i o n t h a t i t i s e c o n o m i c a l l y 

p r e f e r a b l e t o i n c r e a s e t h e w e i g h t o f t h e d o l o s o f t h e c o v e r t h a n t o 

r u n t h e r i s k o f l a t e r changes o f e q u i p m e n t c a u s i n g t r o u b l e f o r t h e 

p r o g r e s s o f t h e w o r k s , o r t h e r i s k o f e x c e s s i v e c o s t s °f r e p a i r s t o 

t h e c o v e r o r t h e p i p e s . 

L i s b o n , 3 0 t h August 1973. 
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APPENDIX L 

Summary o f Wave H e i g h t s D u r i n g C o n s t r u c t i o n 

and 

P lacement Schedule o f Q u a r r y M a t e r i a l 
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TABLE L-1 WAVE HEIGHTS (m) DURING CONSTRUCTION 1974 

January-

F e b r u a r y 

March 

A p r i l 

May 

June 

J u l y 

Angus t 

Septeraber 

O c t o b e r 

November 

December 

Max. 

M i n , 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

1 

9.30 

0.60 

10.00 

1.60 

3.60 

0.30 

6.60 

0.90 

7.00 

1.70 

2.50 

1.20 

3.40 

1.10 

3.20 

0.80 

4.00 

1.40 

2.50 

0.60 

3.10 

0.90 

3.50 

1.00 

2 

9.00 

1.90 

4.70 

1.30 

4.40 

1.40 

4.90 

1.00 

4.40 

1.10 

2.70 

0.80 

4.40 

1.00 

3.60 

1.10 

a l 

a l 

2.60 

0.80 

8.60 

1.40 

3.80 

l . I O 

3 

6.50 

0.90 

9.50 

1.90 

6.50 

1.80 

3.20 

1.20 

4.20 

1.10 

4.30 

0.80 

3.00 

0.70 

2.80 

1.00 

2.10 

1.20 

3.40 

1.10 

5.70 

1.50 

5.50 

1.10 

4 

4.60 

1.50 

6.50 

1.50 

4.70 

0.80 

6.00 

1.30 

7.30 

O.AO 

4.80 

1.70 

2.80 

0.80 

3.40 

1.20 

3.20 

1.20 

4.40 

1.60 

5 . 4 0 

1 . 0 0 

7.90 

1 . 6 0 
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TABLE L-2 WAVE HEIGHTS (m) DURING CONSTRUCTION 1975 

J a n u a r y 

F e b r u a r y 

March 

A p r i l 

May 

June 

J u l y 

A u g u s t 

September 

O c t o b e r 

November 

December 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

Max. 

M i n . 

1 

2.70 

0.90 

5.30 

2.00 

7.10 

1.90 

2,80 

0.80 

2.20 

0.60 

3.10 

0.70 

2.10 

0.60 

2.80 

0.30 

2.20 

0.90 

5.20 

2,20 

4.00 

1.30 

8.80 

3.00 

2 

4.40 

0.70 

7.30 

1.90 

10.10 

1.70 

3.50 

1.00 

3.20 

0.90 

3.80 

1.00 

2.80 

0.50 

3.30 

1.00 

3.20 

0.90 

3.70 

1.50 

3.40 

0.80 

5.30 

1.30 

V/eek 

3 

9.40 

2.90 

9.00 

2.70 

7.30 

1.30 

5.50 

1.20 

3.70 

1.40 

2.60 

0.60 

2.50 

0.30 

3.30 

1.00 

4.50 

0.80 

3.10 

1.20 

4.60 

1.30 

3.20 

0.80 

4 

6.50 

2.60 

4.10 

1.70 

5.40 

1.40 

3.40 

0.70 

3.40 

0.80 

1.30 

0.50 

1.40 

0.20 

2.00 

0.90 

3.30 

1.10 

4.80 

1.30 

3.90 

0,70 

4.40 

0.70 
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TABLE L-3 WAVE HEIGHTS (m) DURING CONSTRUCTION 1976 

1 

J a n u a r y Max. 3.70 

Min. 0.80 

F e b r u a r y Max. 9.10 

Min. 2.10 

March Max. 5.30 

Min. 1.40 

A p r i l Max. 5.60 

Min. 1.10 

May Max. 4.00 

Min. 1.10 

June Max. 3.80 

Min. 0.90 

J u l y Max. 2.00 

Min. 0.50 

August Max. 1.90 

Min. 0.30 

September Max. 3.80 

Min. 0.90 

October Max. 4.10 

Min. 0.50 

November Max. 4.00 

Min. 0.80 

December Max. 7.20 

Min. 1.30 

Week 

2 3 4 

3.40 2.90 4.00 

1.20 1.00 1.10 

9.10 6.10 5.70 

2.60 2.10 1.70 

6.90 8.80 6.60 

1.60 2.60 1.60 

3.70 6.00 4.50 

0.60 1.70 0.90 

3.90 4.30 4.40 

1.20 1.30 0.90 

3.10 5.50 2.50 

1.00 1.20 0.80 

3.50 3.50 2.40 

0.50 0.90 0.20 

1.90 1.70 3.20 

0.50 0.40 0.80 

4.20 3.30 5.30 

1.50 0.90 1.00 

4.20 4.00 5.70 

1.40 1.70 0.60 

4.00 2.00 - 1.80 

1.10 0.40 1.00 

9.80 5.40 7.80 

0.80 0.80 1.30 
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TABLE L-4 WAVE HEIGHTS (m) DURING CONSTRUCTION 1977 

Week 

J a n u a r y 

F e b r u a r y 

March 

A p r i l 

May 

June 

J u l y 

August 

September 

October 

November 

December 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

3.80 

0.80 

6.70 

1.90 

5.40 

1.10 

3.20 

1.20 

3.10 

1.20 

2.30 

0.80 

2.80 

0.90 

3.80 

1.30 

2.80 

0.70 

NA 

NA 

NA 

NA 

6.60 

1.00 

4.70 

0.80 

7.40 

2.50 

7.60 

1.10 

5.60 

1.30 

2.80 

1.20 

3.40 

0.80 

2.40 

1.00 

2.30 

1.20 

2.60 

0.60 

NA 

NA 

4.50 

1.60 

9.60 

3.40 

4.70 

1.30 

4.90 

2.00 

6.80 

1.00 

3.00 

0.70 

5.40 

1,80 

2.50 

0.60 

2.60 

1.10 

2.90 

0.80 

2.90 

1.10 

NA 

NA 

3.90 

1.30 

5.70 

1.90 

6.40 
1.30 

6.80 

2.90 

4.50 

0.70 

3.50 

1.00 

2.80 

0.80 

2.00 

0.70 

3.00 

1.40 

4.00 

1.00 

4.00 

0.50 

NA 

NA 

3.80 

0.60 

5.90 

1.20 
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TABLE L-5 WAVE HEIGHTS (m) DURING CONSTRUCTION 1978 

1 

J a n u a r y Max. 3.60 

Min. 0.50 

F e b r u a r y Max. 3.10 

Min. 1.60 

March Max. 9.80 

Min. 0.00 

A p r i l Max. 

Min. 

May Max. 

Min. 

June Max. 

Min. 

J u l y Max. 

Min. 

Augus t Max. 

Min. 

September Max. 

Min. 

October Max. 

Min. 

November Max. 

Min. 

December Max. 

Min. 

Week 

2 3 4 

4.60 6.00 5.60 

1.10 1.60 2.10 

4.50 7.00 10.00 

1.00 1.50 2.00 

5.50 

0.30 
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TABLE L-6 PLACEMENT SCHEDULE OF QUARRY MATERIAL*- 1976 (GAS) 

Type 

January February March A p r i l Hay June Ju l y August September October November December 

Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea 

TOT S e l e c t 

TOT 

3/6 c 

50/100 kg 

0.3/3 t 

0.25/1 t 

9/20 t 

9/12 t 

12/16 t 

0/100 kg 

148 

1 5 

2 

< 1 

«6 

28 214 

12 

2 

4 

61 

37 

74 

23 

22 

2 

25 

2 

10 

21 

11 

< 1 

19 

1 

5 

13 

93 

1 

15 

< 1 203 

10 

1 

3 

5 

I n hundred thousand tons. 



TABLE L-7 PLACEMENT SCHEDULE OF QUARRY MATERIAL*- 1977 (GAS) 

Type 

TOT S e l e c t 

TOT 

3/6 t 

50/100 kg 

0.5/3 t 

0.25/1 t 

9/20 t 

9/12 t 

12/16 t 

0/100 kg 

January 

Land Sea 

4 

2 

1 

< 1 

February 

Land Sea 

March A p r i l 

Land Sea Land Sea 

52 

358 26 162 

3 19 

1 1 

< 1 15 6 

1 13 

6 

2 < 1 

May 

Land Sea 

28 

1 

1 

14 

June 

Land Sea 

< 1 

12 

78 

33 

J u l y 

Land Sea 

Auguat September 

Land Sea Land Sea 

October 

Land Sea 

November 

Land Sea 

1 

3 

16 

4 

< 1 

2 

85 

19 

2 

< 1 

< 1 

< 1 

4 

3 

5 

< 1 

Decemher 

Land Sea 

* I n hundred thousand tons. 



TABLE L-8 PLACEMENT SCHEDULE OF QUARRY MATERIAL*- 1978 (GAS) 

January February March A p r i l May June J u l y August September October November December 

Type Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea 

TOT S e l e c t 

TOT 

3/6 t 4 

50/100 kg 

0.5/3 t 1 < I 

0.25/1 t < 1 

9/20 t 

9/12 t 

12/16 t 

0/100 kg 

* I n hundred thousand tons-



APPENDIX M 

E v a l u a t i o n of Causes of Damage to Main B reakv7a te r 

Reproduced w i t h p e r m i s s i o n from: " S i n e s Harbour: E v a l u a t i o n of 

Causes of Damage to Main B r e a k w a t e r , " 

CSIR Report C/SEA 8005, C o u n c i l f o r 

S c i e n t i f i c and I n d u s t r i a l R e s e a r c h , 

S t e l l e n b o s c h , South A f r i c a , March 1980. 

Pre p a r e d by CSIR f o r : S o c i e t a I t a l i a n a per C o n d o t t e d'Acqua 

271 



2
7

2 



2
7
3
 



POSSIBLE CAUSES DISCUSSION CONCLUSION 

( c o n t i n u e d ) 
movements a r e much l e s s s e v e r e than near the s t i l l w a t e r l i n e . T h i s c o n c l u s i o n 

was c o n f i r m e d by model t e s t s c a r r i e d out a t LCHF o n t h e s e c t i o n a t c h . 945, 

assuming an u n d e r l a y e r of o n l y Im t h i c k . T h e s e t e s t s showed no d i f f e r e n c e 

i n the damage compared w i t h p r e v i o u s t e s t s u s i n g t h e f u l l u n d e r l a y e r 

t h i c k n e s s . ^ The p o s s i b i l i C y t h a t Che u n d e r l a y e r c o u l d have been much t h i c k e r 

i n p l a c e s , r e s u l t i n g I n a too t h i n D o l o s l a y e r , h a s a l s o been mentioned, 

p a r t i c u l a r l y w i t h r e g a r d to t h e p o s s i b l y not c o m p l e t e r e m o v a l o f temporary 

w i n t e r p r o t e c t i o n s t o n e n e a r ch- 700, 1100 and 1800. A v a i l a b l e p r o f i l e s , how

e v e r , do not s u p p o r t t h i s s u g g e s t i o n , i n f a c t , the o n l y s e c t i o n w h i c h shows 

too t h i c k ( 2 m) an u n d e r l a y e r i s c h . 1645 w h i c h does n o t a g r e e w i t h the above 

w i n t e r p r o t e c t i o n a r e a s . Moreover, because of t h e 17% e x t r a D o l o s s e a c t u a l l y 

p l a c e d , 3 p o s s i b l e 'bump' i n t h e u n d e r l a y e r would, more t h a n l i k e l y , s t i l l 

g e t t h e r e q u i r e d minimum c o v e r o f D o l o s s e , I . e . 0,138 to 0,154 u n l t s / m . 

( c o n C l n u e d ) 
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I n s a t i s f a c t o r y t o e c o n s t r u c t i o n 

(berro). 

C o n s i d e r i n g t h e r a t h e r s m a l l berm w i d t h (3,2m), t h e measured p r o f i l e s conform 
q u i t e w e l l w i t h t h e t h e o r e t i c a l s e c t i o n . LNEC t e s t r e s u l t s , r e p o r t e d v e r b a l l y 
i n J une 1978, show no e f f e c t on s t a b i l i t y , e v e n when th e berm w i d t h i s r e d u c e d 
to z e r o (Hg=8,5m). Moreover, when s t u d y i n g t h e measured p r o f i l e s , a f t e r t h e 
F e b r u a r y s t o r m , the c o n c l u s i o n i s r e a c h e d t h a t Coe f a i l u r e cannot have p l a y e d 
a major r o l e b e c a u s e o f t h e a b s e n c e o f d e p o s i t s a t Che f o o t o f t h e b r e a k w a t e r 
I n s e c t i o n s 2,4,11 and 30 ( F i g . 3 ) . A l s o , d u r i n g a r e c e n t s i t e v l s l t ( 2 5 . 8 . 7 8 ) 
I t was o b s e r v e d t h a t unbroken D o l o s s e were l i f t e d from Che Coe s e c t i o n o f t h e 
armour n e a r B e r t h no. 2 ( m a j o r damage a r e a ) w h i c h p r o v i d e s p r o o f t h a t t h e toe d i d 
not y i e l d . 

I n a c c u r a c i e s i n t h e c o n s t r u c t i o n o f 

t h e r e q u i r e d berm p r o f i l e cannot 

be held responsible f o r t h e b r e a k w a t e r 

f a i l u r e and t h e e f f e c t s on armour 

s t a b i l i t y a r e c o n s i d e r e d negtigihte. 

< 

O 
H 

1=: 

H 
7Z 

Too much f i n e s i n t h e f i l t e r 

l a y e r o r i n t h e c o r e m a t e r i a l . 

A p o s s i b l e c a u s e o f f a i l u r e c o u l d be the wash-ouC o f f i n e s from t h e 0,25 to 

I c f i l t e r s t o n e ( F i g . 1) and f u r t h e r vash-ouC o f c o r e m a t e r i a l c a u s i n g s e t t l e 

ment o f t h e D o l o s s e and Che c r e s t s t r u c t u r e . T e s t s were c a r r i e d out aC LNEC 

( r e p o r t e d v e r b a l l y , J u n e 1978) w h i c h showed i n d e e d some s e t t l e m e n t o f t h e 

c r e s t b u t Che main armour s l o p e was not a f f e c t e d s i g n i f i c a n t l y . Some t e s t s 

done a t NRC'^using c o r e m a t e r i a l o f 0 to lOO kg and Che p r e s c r i b e d 0 Co 3000kg 

a l s o showed no n o t i c e a b l e e f f e c t on the damage b e h a v i o u r o f Che D o l o s armour. 

P o s s i b l e f a i l u r e o f t h e f i l t e r l a y e r 

o r Coo f i n e c o r e m a C e r i a l has not 

played a significant role I n t h e 
f a i l u r e o f t h e b r e a k w a t e r . 

U 
I n c o m p l e t e wave w a l l and D o l o s 

armour. 
Ac Che cime o f the s t o r m , che wave w a l l seaward o f c h . 1645 had not been 

c o m p l e t e d and f i n a l D o l o s p l a c i n g ( F i g - 1) had noC y e t t a k e n p l a c e i n t h i s 

a r e a . The c o n s u l C a n t s ( J u l y 1978) a l s o show an a r e a n e a r c h . 1100 where t h e 

f i n a l D o l o s s e had n o t y e t b e e n p l a c e d . B e c a u s e o f t h e g r e a t e r o v e r t o p p i n g , 

che i n c o m p l e t e s e c t i o n o f che b r e a k w a t e r s h o u l d have been more s t a b l e on t h e 

seaward s i d e . T h i s was c o n f i r m e d by model t e s C s aC LCHF w h i c h showed a 

r e d u c c i o n i n damage w i c h o u c che wave wall.'^ The s e c c i o n a t c h . 1100 c o u l d 

have c a u s e d some problems b e c a u s e o f D o l o s movements towards t h e w a l l Co f i l l 

the open s p a c e . However, t e s C r e s u l c s from L N E C ( r e p o r t e d v e r b a l l y , J une 

1978) I n d e e d showed t h a t t h e model D o l o s s e f i l l e d t h e gap, but t h e main armour 

did not f a l l . Moreover, s e r i o u s damage was a l s o c a u s e d i n a r e a s where che 

c r o s s - s e c C i o n was c o m p l e t e so t h a t the ' c o n s t r u c t i o n s t a g e ' cannot have 

been r e s p o n s i b l e f o r Che f a i l u r e . 

The i n c o m p l e t e wave w a l l and D o l o s 

armour i s not considered to be the cause 

o f t h e b r e a k w a t e r f a i l u r e a l t h o u g h 

s horCage o f D o l o s s e a g a i n s t che 

compleCe o r incompleCe w a l l c o u l d 

h a v e c a u s e d some I n c r e a s e d wave 

r e f l e c c i o n . 
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I n c i d e n t s i g n i f i c a n t wave 

h e i g h t exceeded t h e d e s i g n 

wave h e i g h t o f Hg=llm. 

B e c a u s e no s t o r m r e c o r d s a r e a v a i l a b l e from t h e w a v e r i d e r a t S i n e s , Che m a x i 

mum wave h e i g h t s , w h i c h o c c u r r e d on t h e 2 6 t h F e b r u a r y , can o n l y be e s t i m a t e d . 

A maximum s i g n i f i c a n t wave h e i g h t o f 8,5m was r e c o r d e d aC Cabo da Roca, about 

120km norCh-west o f S i n e s in'40m'water depth ( t h e h y d r o g r a p h i c c h a r t shows o n l y 

20m a t t h e w a y e r i d e r p o s i t i o n . ! ) A d e t a i l e d a n a l y s i s o f a l l storm d a c a was 

made by LCHF''', l a t e r supplemented hy 2 LNEC T e c h n i c a l Note on the storm wave 

d a t a . ^ ^ The r e s u l t s show - 8,5 to 10m w i t h a mean p e r i o d o f 12 Co 14s 

and a peak p e r i o d T ^ 18 co^SÖs. A f u r t h e r a n a l y s i s , based on a c o r r e l a t i o n 

of che naxlnum r o c o f d e d storm wave h e i g h t s a t S i n e s , and Cabo da Roca, g i v e s a s 

che mosC p r o b a b l e v a l u e 1! = lOra ( J t i c i d e n t ) . 

A l t h o u g h t h e r e a r e no wave r e c o r d s a t 

S i n e s f o r t h e 2 6 t h F e b r u a r y i t a p p e a r s 

t h a t t h e I n c i d e n t s i g n i f i c a n t wave 

h e i g h t d i d n o t e x c e e d about 10m and 

t h e failure can, therefore^ not be due 
CO t h e i n c i d e n t wave h e i g h t e x c e e d i n g 

t h e d e s i g n wave h e i g h t . 



CONCLUSION 

Accepting a maximum incident wave 

height of 9 to 10m, there is no doubt 

Chat local significant wave heights 

have exceeded che design wave height 

of 11m by at least 0,5 CO Im. There 

is a reasonably good correlacion 

beCween Chese high wave areas and the 

failure areas and local high waves 

are considered to be a ma,jor contri
butory factor to the armour failure. 

high waves In the spectrum have played 

the dominant role in the damage proces-

The direct effects of long period 

waves and wave grouping are not 

considered to have made an irjportant 
contribution Co the breakwacer 

failure alchough there is little 

doubt that, particularly after che 

wave wall became partly exposed, the 

long waves (and possibly wave group

ing) Increased the rate of failure. 

DISCUSSION 

Although damage occurred along the entire breakwater seaward of Berth no. 3, 

failure of the Dolos armour was concentrated in the four local areas shown in 

Fig. 3. It was, therefore, thought chat wave refraction/concentration could 

have played an important role. Detailed refraction studies carried out by 

LCHF' show considerable wave concentracion for wave periods in excess of 

16s. The posiclons of the concentration areas shift along the breakwater 

depending on wave direction and wave period. However, when Caking the mean 

refracClon factors, based on the refraction diagrammes, for the storm 

directions (H Co WNW) and wave periods between 16 and 22g, wave heighCs were, 

on average, found to be up Co 20% higher Chan the incident wave height in some 

of the failure areas, while in the areas opposite Berths no. 1 and 2 which did 

not completely fall, the waves were on average about 15% lower than the incident 

height. The refraction dlgrammes also showed a maximum Increase in wave height 

of up to 100% in the failure areas while the physical model showed maximum 

values of up to about 50%. 

The particular destructive force of the higher waves In Che spectrum was 

demonstrated by LNEC during che sCabilicy tests on the Sines breakwater. 

Morais^^, as a result, concluded chat Che significant wave height cannot be 

used Co describe a wave specCrum in che case of armour sCability. Test results 

showing the opposite are also available^'^However, these test results 

refer to different waterdepths and from Chis apparent contradiction it Is 

concluded that, in the case of relatively shallow conditions, the significant 

wave is deCermlnaCive, whereas in deep 'Jater (water depth exceeds 1,3 H = 

2H " 22m), Che condition existing at Sines from Berth no. 3 seaward, tSe'̂ high 

waves in the spectrum are not reduced in height by the bottom and although 

their number is limited, they are responsible for most of Che damage. This 

conclusion is supporCed by various scablllty tests carried out on the Sines 

breakwater'^'as well as more basic tests carried out by LCHF'^ which showed 

that for wave periods between 16 to 18s and wave heights in excess of 11m, the 

vertical upward water velocity in the r.rea near the still water line is of the 

same order of magnitude as the terminal settling velocity of 42c Dolosse in 

scill wacer, the latter being confirmed by prototype tests at Sines. This 

explains why for certain wave height and period combinations a group of Dolosse 

can be lifted from the slope by one large wave, a phenomenon frequently 

observed in model tests. 

Bruun3 suggests that stability for Dolosse is least when ^ = tg O/V^/LO = 3 

which occurs for H - 11m and L^ - 223m (or a wave period of 12s)but the change 

in Kp for different C values is very small (for T = 16s. ^ - 4 and T - 20s, 

e - 5). Tests carried out at Wallingford" indicate that Kjj reduces for 

larger E. (I.e. T) values, which is in disagreement with Bruun's results. 

The reduction in stability for ^ = 3 to 5 (applicable to the February storm) 

is, however, quiCe small although these test results do stress the importance, 

with regard to damage, of the long waves which occurred during the storm at 

Sines. Wave grouping, i.e. several large waves grouped together, has recently 

received considerable atcenCion. Johnson and Ploegshowed ChaC grouped 

waves can cause more damage than random waves although the difference appears 

to be only significant for wave steepnesses of 0,04 to 0,05 while che peak 

storm waves at Sines (H - 10m, T = 14s) had a wave steepness H/L = 0,03. 

Burcharth'* , on the other hand, got very little difference between the damage 

caused on a Dolos slope for regular waves and grouped irregular waves. Uis 

tests, however, were done at quite a small scale and in a shallow water depth 

which may have affected the results. 

POSSIBLE CAUSES 

Local significant wave heiglits 

exceeded the design wave 

height of = lim. 

High waves in the spectrum, 

i.e. waves in excess of 11m. 

Long period waves and wave 

grouping. 
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D olos movements ( r o c k i n g ) . As f a r back os 1^)66, r o c k i n j j of Dolosse, i n a d d i t i o n to Dolos displacement, 

have been recorded i n model t e s t s ^ ' but because the number of u n i t s which 

were seen to move was s m a l l and o b s e r v a t i o n s had to be done v i s u a l l y , l i t t l e 

a t t e n t i o n was g i v e n to these r o c k i n g movements u n t i l r e c e n t l y . Magoon and 

B a i r d r e p o r t on o b s e r v a t i o n s on a g l a s s - w a l l e d flume ond conclude t h a t 

movement s t a r t s f o r a wave h e i g h t between 0,5 and 0,7 Hj ond s e v e r e movement 

and s i g n i f i c a n t displacement takes p l a c e for 0,9 to 1,0 H j , where i s the 

design wave h e i g h t (not d e f i n e d ) . Zwamborn'" d e s c r i b e s o t i m e - l a p s e c i n e 

technique, developed r e c e n t l y , which makes i t p o s s i b l e to a c c u r a t e l y r e c o r d 

u n i t movements. I h e r e s u l t s of a v a i l a b l e t e s t s show the f o l l o w i n g : no 

movement 0 < H < 0,5 H,; o c c a s i o n a l r o c k i n g 0,5 Hj < H < 0,7 H^; i n t e r m i t t e n t 

p l u s o c c a s i o n a l r o c k i n g O , 7 H j < H < 0 , 9 H . and continuous r o c k i n g 

and displacement 0,9 < H < 1,0 H,, where i s based on KQ = 25 (about 

2% d i s p l a c e i t e n t ) . These movements, which take p l a c e mainly near the water 

l i n e , a r e much more s e v e r e than can bc observed v i s u a l l y but, provided the 

u n i t s do not b r e a k , a s i s the c a s e i n the model t e s t s d e s c r i b e d above, 

s t o b l l i t y of the armour i s not o f f e c t e d . A q u e s t i o n which remains to be 

answered i s whether th-^ model r e s u l t s ore r e p r e s e n t a t i v e f o r f u l l - s c a l e Dolos 

behaviour. The lower Reynolds number I n the model i n c r e a s e s v i s c o u s f o r c e s 

w h i l e too smooth model u n i t s reduce f r i c t i o n a l r e s i s t a n c e , both p o s s i b l y 

r e s u l t i n g i n too g r e a t r o c k i n g movements. Some t e s t d a t a reported by 

B r o r s e n e t o l ^ indeed showed s i g n i f i c a - i t l y mote domage f o r smooth p l a s t i c 

Dolosse than f o r c o n c r e t e (cement) u n i t s . 

I n the model, r o c k i n g movements of 

Dolosse s t a r t near Che s t i l l water 

l i n e wich wave h e i g h t s beCween 0,5 

and 0,7 times che design wove h e i g h t 

ond s e v e r e r o c k i n g o c c u r s , over a 

l a r g e r a r e o , when the wave h e i g h t 

approaches the design wave h e i g h t . 

A c c e p t i n g Chat s i m i l a r movements occur 

i n the prototype but assuming, f o r a 

moment, t h a t the u n i t s m a i n t a i n t h e i r 

b a s i c shape, these movsmcntg themsetvcB 
caraiot have caused che f a i l u r e of the 
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D olos breakage. Knowing now chat armour u n i t s c a n rock c o n s i d e r a b l y f o r wave h e i g h t s below 

the d e s i g n wavehcight ,the q u e s t i o n or^1^eB whether the u n i t s can w i t h s t a n d the 

r e s u l t i n g s t r e s s e s and, i f not, what i s the e f f e c t on the armour s t a b i l i t y 

when the u n i t s s t a r t to b r e a k . U n f o r t u n a t e l y , no comprehensive q u o n t i t a t l v e 

dato on Dolos breakoge a t S i n e s i s a v a i l a b l e . Photographic evidence and 

o b s e r v a t i o n s d u r i n g s i t e I n s p e c t i o n s show r e l a t i v e l y few broken u n i t s above 

water, even where they have o b v i o u s l y f a l l e n down a t the s i d e s of the f a i l u r e 

a r e a s . Underwater, i n the f a i l u r e a r n a s , v i r t u o l l y a l l v i s i b l e Dolosse were 

broken w h i l e i n the p a r t l y damaged ar'^as, most Dolosse on the water l i n e and 

J u s t below, appear to have been broken. I n answer to the second q u e s t i o n , t e s t s 

c a r r i e d out a t WES,^ L C H F ' ^ and LNEC i r c p o r t c d v e r b a l l y , June 1978) show that 

a r e l a t i v e l y l a r g e percentage (10 to 20Z) of the Dolosse can breok before 

s t o b l l i t y i s a f f e c t e d . I n the LNEC t e s t s , some 60Z of che Dolosse- between 

+ 2m and -6m CD had to be broken to reproduce f a i l u r e w i t h H = 8,5m (maximum), 

NRC used a new t e s t technique whereby a b r e a k i n g plane was introduced I n 

the shank of Che Dolosse w i c h a l i n e a r l y s c a l e d t e n s i l e s t r e n g t h . Reproducing 

Cabo da Roca wave d a t a , che r e s u l t s of one t e s t show 2% breakage before wave 

a c t i o n (due to the weighc of ocher D o l o s s e ) , 97. breakage f o r H - A co 6m, 

about 25% breakage f o r K = 6,2m ond ccaipletc f a i l u r e f o r H =^8.6m. Although 

t h i s t e s t technique has c o n s i d e r a b l e m e r i t , i t i s obvious t ^ a t the s t r u c t u r a l 

behaviour of the u n i t s was not f u l l y reproduced i n these t e s t s , l i m i t a t i o n s 

b e i n g , i n t e r a l i a , Che f i x e d b r e a k i n g plane (protocype u n i t s break a t random 

through the f l u k e s ond shanks) ond c e r t a i n doubts r e c o r d l n s che c o r r e c t s c a 

l i n g of t e n s i l e , compressive ond impact strcngths.Wave h e i g h t s I n e x c e s s of H " 

6ra have o c c u r r e d oC S i n e s i n the p a s t without any apparent domage to the 

armour Morover, complete f a i l u r e of Che armour occurred along only h a l f 

the deep wacer l e n g t h of the breakwotor w h i l e Che IIRC t e s t r e s u l t i n d i c o t e s 

t h a t Che e n t i r e deep water l e n g t h should have f a i l e d . 

Because I t has been shown, by model 

t e s t s , t h a t a r e l a t i v e l y l a r g e 

percentage breakage i s r e q u i r e d to 

s i g n i f i c a n t l y e f f e c t the Dolos armour 

s t a b i l i t y ond s i n c e some a v a i l a b l e 

prototype data shows t h a t u n r e i n f o r c e d 

Dolosse of v a r i o u s s i z e s can w i t h 

stand woves up to the design wave, i t 

i s concluded chat the f a i l u r e a t 

S i n e s camiot DC due solely to the 

s t r u c t u r a l f a i l u r e o£ the Dolosse, 
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( c ontinued) 

To f i n d an answer to the f i r s t q u e s t i o n rhe approach appears co be to study 

prototype behaviour of e x i s t i n g breakwaters. Over 120 000 u n r e i n f o r c e d Dolosse 

have been p l a c e d s u c c e s s f u l l y i n c o a s t a l works I n South A f r i c a alone, v a r y i n g I n 

mass from 3 to 3 0 t . Undersized Dolosse ( u n r e i n f o r c e d ) were used f o r a Dolos 

i s l a n d a t Oranjemund^^, i . e . l O t i n stead of 18,St. As a r e s u l t , t h ese u n i t s 

moved around e x c e s s i v e l y ond some 102 lo"g/breakoge occurred d u r i n g one storm 

w i t h 6m b r e a k i n g waves. Thus, when the wave height exceeds H^, there i s no doubt 

t h a t Dolosse can break, regardless of their size. On the other hand, 12,4 and 

1 7 , I t Dolosse used a t Gansbaal^' were found to be v i r t u a l l y undamaged ( a l s o under

water) e i g h t y e a r s a f t e r c o n s t r u c t i o n i n 1970, although wove h e i g h t s were 

r e g u l a r l y recorded to be e q u a l and even exceed H^. The main breakwater head a t 

R i c h a r d s Bay^, which c o n s i s t s of 30t Dolosse, a l s o shows no s i g n i f i c a n t v i s u a l 

damage, 2} y e a r s a f t e r I t s completion, although wave h e i g h t s up to 0.6 Hjj have 

a l r e a d y o c c u r r e d . Doloa breakage t e s t s c a r r i e d out a t S i n e s (pendulum t e s t s ) 

gave Impact v e l o c i t i e s of > 0,5 m/s f o r l e g breakage and > 1,5 m/s (about) f o r 

shank f a i l u r e . P r e l i m i n a r y model t e s t r e s u l t s ' ^ on Dolos movements caused by 

wave a c t i o n gave maximum v e l o c i t i e s of Che Dolos' c e n t r e of g r a v i t y of between 

0,5 and 1,5 m/s for corresponding wave h e i g h t s between 7 and 15m, i n d i c a t i n g 

that shank breakaRe should be l i m i t e d to the h i g h e r wave h e i g h t s . 

(continued) 
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