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General information on Geotubes and Geocontainers 

Geotubes and geocon ta ine rs (N ico lon patent ) hydrau l ica l iy and /o r mec l ian ica l ly f i l led w i t h 

(dredged) mater ia ls have been success fu l l y appl ied in coasta l eng ineer ing in recent yea rs . T h e y 

can also be used t o s to re and isolate con tam ina ted mater ia ls f r o m harbour d r e d g i n g . Some 

i n fo rma t i ons on these s y s t e m s are g iven be l ow . 

* Tube s y s t e m . 
Geo tube is a sand /d redged mater ia l f i l led geo tex t i le t u b e made o f permeable b u t so i l - t i gh t 

geo tex t i l e . The des i red d iameter and length are pro jec t spec i f i c and on ly l imi ted by ins ta l la t ion 

poss ib i l i t ies and s i te c o n d i t i o n s . The t ube is del ivered t o t h e s i te ro l led up on a steel p ipe . In lets 

and ou t le t s are regular ly spaced a long the length of t he t u b e . The t ube is f i l led w i t h d redged 

mater ia l p u m p e d as a wa te r -so i l m ix tu re ( c o m m o n l y a s lu r ry o f 1 on 4) us ing a s u c t i o n d redge 

de l ivery l ine (Figure 1 ) . The cho ice of geotex t i le depends on charac te r i s t i cs of f i l l mate r ia l . 

p o n t o o n m o v e m e n t 

f i l l - n o s e ^ ^ ^ \ 

s a n d - F w a t e r > < '^'^ " " ' X s a n d 
" ' V V f f N - - o p B T i 1 n g ^ \ ] ^ A n 

p^^»-

( ) 

c r o s s - s e c t i o n A - A 

Figure 1 Fil l ing p rocedu re of Geo tube 

The t u b e w i l l ach ieve i ts desi red shape w h e n f i l led up t o abou t 8 0 % ; a higher f i l l ing g rade is 

poss ib le bu t it d im in i sh the f r i c t i on res is tance b e t w e e n t h e t u b e s . The major des ign cons ide ra t i 

ons inc lude su f f i c i en t geo tex t i l e and seam s t reng th t o res is t p ressures du r ing f i l l ing and 

p lacemen t impac t , and fabr ic /so i l compat ib i l i t y . A d d i t i o n a l l y , l ong - te rm U.V. res is tance , 

res is tance t o ab ras ion , tear ing and punc tu r i ng ( inc lud ing v a n d a l i s m ) , and t u b e f l a t t en i ng 

resu l t ing f r o m t h e conso l i da t i on of sed imen ts w i t h i n the t u b e . 

Tubes can be f i l led on land (e .g . as d ikes for land rec lama t i on , b u n d s , toe p ro tec t i on or g royns ) 

or in w a t e r (e .g . o f f s h o r e b r e a k w a t e r s , sil ls of perched beaches , d ikes fo r ar t i f ic ia l is lands or 

i n te r rup t ion of gul l ies caused by ( t ida l )cur rents) . The t u b e is ro l led ou t a long t h e i n tended 

a l i gnmen t w i t h in le ts /ou t le ts cen te red on t o p . W h e n a t u b e is t o be p laced in w a t e r , t h e e f f e c t s 

of b u o y a n c y on the t u b e geotex t i le pr ior t o f i i i ing as we l l as on t h e dredged mate r ia l ' s se t t l i ng 

charac ter is t i cs m u s t be cons ide red . In order to max im ize in le t /ou t le t spac ing , an ou t l e t d i s t an t 

f r o m t h e inlet may be used t o enhance the d ischarge of d redged s lu r ry and the reby encou rage 

and regu la te t h e f l o w of f i l l mater ia l t h r o u g h t h e t u b e so t h a t su f f i c i en t f i l l w i l l f l o w t o d i s t an t 

po in t s . 

C o m m o n l y , t he f i l ter geo tex t i l e (against scour) and f l a t t u b e are fu l l y dep loyed by f l oa t i ng and 

ho ld ing t h e m in pos i t i on pr ior t o beg inn ing the f i l l ing ope ra t i on . The f i l ter geo tex t i l e is o f t e n 

f u rn i shed w i t h smal l t u b e s at t h e edges w h e n f i l led w i t h sand ho lds t h e f i l ter ap ron at p lace . 

Th is apron m u s t also ex tend in f r o n t and beh ind t h e un i t , c o m m o n l y 1-2 t imes t h e f i l led un i t 

w i d t h . 
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* Container s y s t e m s . 
Geocon ta ine r is a nnecl ianical ly- f i l led geo tex 

t i le and " b o x " o r " p i l l o w " shaped un i t made 

of a soi l t i g h t geo tex t i l e . The conta iners are 

part ia l ly p re fabr i ca ted by s a w i n g mil l w i d t h s 

of t he appropr ia te leng th toegether and at at 

t he ends t o f o r m an e longated " b o x " . The 

" b o x " is t h e n c losed in the f i e ld , a f ter f i l l ing , 

us ing a s e w i n g mach ine and specia l ly des ig

ned s e a m s . Barge p lacemen t of t he s i te - fabr i 

cated con ta ine rs is accomp l i sh us ing a spec i 

ally c o n f i g u r e d ba rge -moun ted crane or by 

b o t t o m d u m p hoppers s c o w s , or spl i t barges. 

The con ta ine rs are f i l led and fabr ica ted on 

the barge and p laced w h e n secure ly moored 

in the des i red p o s i t i o n . Pos i t ion ing o f barge 

fo r cons i s t en t p l acemen t - a cr i t ica l e lement 

of c o n s t r u c t i n g " s t a c k e d " unde rwa te r s t ruc

tu res - is accomp l i shed w i t h the ass is tance 

of m o d e r n su rvey ing t e c h n o l o g y . 

These large con ta ine rs are app l ied , among 

o the rs , fo r f o resho re eros ion con t ro l a long 

t h e r iver Old M e u s e in the Nether lands ( 2 0 0 

m ' s i t e - fab r i ca ted , sand- f i l led geo tex t i le con 

ta iners) (R i j kswa te rs taa t -N i co lon , 1 9 8 8 ) . A 

simi lar so lu t i on is recen t ly also appl ied fo r 

s tab i l i za t ion of M iss iss ipp i unde rwa te r banks . 

Recent ly ( 1 9 9 4 ) , s tab i l i t y tes ts have been 

carr ied o u t by t h e De l f t Hydrau l ics us ing a 

l inear sca le (nJ equal t o 2 0 . The tes ted s t ru 

c tures cons i s ted o f several layers of parallel 

geo tubes or geocon ta i ne rs . The so-cal led 4¬

3-2 s t r uc tu re had f ou r conta iners or t ubes in 

the b o t t o m layer, t h ree in the nex t layer and 

t w o in t h e t o p layer. 

F igure 2 . App l i ca t i ons of geo tubes 

bunds of sandtubes 
phased reclamation 

original 
beach profile 

reclamation works 

sandtube 

containment dike 

• polluted dredged 
material 

W.L. 

sill structure 

original 
beach profile 

of sandtubes 

cross-section perched beach concept 

geotube 0 2.65m 
180m1 each 

\ geotextile 

geotube as a core of breakwater/groyne 

The advan tage of t hese large barge-p laced con ta iners inc lude: 

* Con ta ine rs can be f i l led w i t h local ly avai lable soil w h i c h m a y be avai lable f r o m s imu l t a 

neous d redg ing ac t i v i tes . 

* Con ta ine rs can be re lat ive ly accura te ly p laced regardless of wea the r c o n d i t i o n s , cu r ren t 

ve loc i t i es , t ida l m o v e m e n t s , or wa te r dep ths (one of t h e ma in advantages in c o m p a r i s o n 

w i t h Longard t u b e s ) . 

* Con ta ined mater ia l is no t sub jes t to e ros ion du r ing and af ter p lac ing . 

* Con ta ine rs can p rov ide re la t ive ly qu ick s y s t e m bu i ld -up . 

* Con ta ine rs are , t he re fo re , ve ry cos t c o m p e t e t i v e (for larger w o r k s ) . 

W h e n app ly ing Geocon ta ine rs the major des ign cons ide ra t i ons /p rob lems are re la ted t o t h e 

In tegr i ty of t h e un i ts du r ing release and impac t ( impac t res is tance , seam s t r e n g t h , bu rs t ,ab ras i -

o n , durab i l i t y e t c . ) , t h e accuracy of p lacement on t h e b o t t o m (especia l ly at large d e p t h s ) , and 

the s tab i l i t y . W h e n app ly ing th is t echno logy t h e m a n u f a c t u r e r ' s spec i f i ca t ions shou ld be 

f o l l o w e d . The ins ta l la t ion needs an exper ienced con t rac to r . 

No te : M o r e i n f o r m a t i o n s on these s y s t e m s can be f o u n d in : K .W. Pi larczyk, " N o v e l s y s t e m s in 

coasta l eng inee r ing ; geo tex t i l e s y s t e m s and other m e t h o d s " , June 1 9 9 5 , R i j kswa te rs taa t , Road 

and Hydrau l i c eng ineer ing d i v i s i on , t h e Nether lands . 
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Design considerations of geocontainers 

THE GEOCONTAINER IS A SPECIALLY DESIGNED VERY LARGE SAND CDNTAINING BA6 FITTING INTO A SPLIT-BOnOM BARGE 

Split hull scow is used lo place CeoConlainers 

Figure 3. Geocon ta ine rs 
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Installation and dumping process of geocontainers 

In respec t t o the s t ruc tu ra l des ign of geoconta iners the f o l l o w i n g des ign phases can be 

d i s t i ngu i shed . 

Phase I: 

Phase I I : 

Phase I I I : 

Phase IV: 

Phase V : 

p repara t ion 

insta l la t ion and f i l l ing cond i t ions 

re leas ing /dump ing of conta iner 

impac t at t he b o t t o m 
reshaping of geoconta iner and stabi l izat ion ( f inal pos i t ion and shape) 

Phase I: Preparat ion 

In p repara t ion phase specia l a t t en t i on shou ld be paid t o such i tems as : p ro jec t requ i rements inc l . 

env i r onmen ta l aspects ( i .e. accep tance of damage o f geoconta iners in respec t t o i ts consequen 

ces) , t y p e of f i l l -mater ia l and spec i f i ca t i ons , cho ice of geotex t i le in respec t t o the soi l t i gh tness , 

permeab i l i t y and s t r e n g t h , ins ta l la t ion équ ipement and f i l l -p rocedure (hydrau l ic or conven t i ona l ) , 

t r a n s p o r t , pos i t ion ing s y s t e m , co l lec t ing i n fo rma t ion f r o m prev ious exper iences , cons idera t ion in 

respec t t o m o d e l / p r o t o t y p e t e s t i n g , e tc . The basic insta l la t ion p rocedu re of geocon ta ine rs is 

ou t l i ned schemat ica l l y in Figure 4 and i l lus t ra ted in Figure 5 . 

• nsitttitehijtj 

Indoor otperiaent 

Emity barge 
oopration 

Pre{Hration of 
slip dset on bai^ 

Unfoldin; of 
geoocntainer 

Fil l in? geooditaine I 

Closing fi l laJ 
geoomtainer 

Geocontainer 
tran^iortaticn 

Fixing. deooDDtalner 
in position 

PreiBntianof 
geocDotaioer 

Pontom piacomt 

Calilntion 

of sea depth 

-HauDrmt of velocty and direction 
of current 
II Willi ll • M m III! i l i i i i i i i i 

Discharging 
geocontainer 

-oeaaimit of SS after p i a c m t 

Measureaent of the depe 
of sute i geooontainer 

ancl<ing of overal i 
shape geocontainer 

Z U 
Report of experinaitai 
installation 

Figure 4 . F low char t o f ins ta l la t ion o f geoconta iners 
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loDQUudtnil 
expinslon $•»• 

iiq«iKi of stitehu Hd* 

container wUh 5 grills and longitudinal expansion 
tean 

Figure 5a . i l lus t ra t ion of ins ta l la t ion p rocedure of geocon ta iners 
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Figure 5 b . Ins ta l la t ion p rocedure o f geocon ta ine rs 
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Phase I I : ins ta l la t ion and f i l l ing cond i t i ons 

Conta iner can be loaded in a barge in a harbour by us ing a t ip t r u c k and a load ing c h u t e and 

t r a n s p o r t e d t o the d u m p i n g s i te , or d i rec t ly at t he d u m p i n g si te f r o m t h e pos i t i on ing p o n t o o n 

equ ipped w i t h load ing faci l i t ies ( i .e. crane) w h e r e the f i l l ing mater ia l (soil) is p rov ided by ba rges . 

In spec i f i c p ro jec ts t h e d i rec t hydrau l i c f i l l ing w i t h d redged mater ia l is also poss ib le . 

Soi l is l oaded o n t o t h e barge w i t h a geocon ta ine r sheet a l ready spread o u t in t h e b i n . 

The soi l s h o u d be d is t r i bu ted as even ly as poss ib le a long t h e b in . 

A f t e r t h e f i l l ing is c o m p l e t e d , the cover shee t of t he geocon ta iner w i l l be s e w n us ing a hand 

s e w i n g m a c h i n e . S e w i n g shou ld be done ve ry carefu l ly to p reven t t h e geocon ta ine r f r o m being 

t o r n , w h i c h w o u l d resul t in the spi l lage of t h e soi l dur ing d u m p i n g and se t t l i ng on t h e bed . 

The seam s t r e n g t h is normal ly the w e a k e s t l ink in the des ign a n d , depend ing o n t h e seam ing 

t e c h n i q u e spec i f i ed , th is va lue m a y be on ly 5 0 t o 7 0 percen t of t h e f ab r i c ' s u l t ima te s t r e n g t h . 

T h e r e f o r e , t h e s t r eng th of seams shou ld be used as a re ference s t r e n g t h in t h e des ign in r espec t 

t o poss ib le exe r ted fo rces . 

In o rder t o p reven t tear ing of t he geocon ta ine r in con tac t w i t h s o m e pro jec t ions ins ide t h e b in 

and t o fac i l i ta te t h e s m o o t h un load ing (dump ing ) of t h e con ta iner f r o m the spl i t ba rge , a 

s l ipsheet o f geo tex t i l e is mos te l y p laced ins ide the barge t o decrease f r i c t i o n . Hoveve r , t he re w i l l 

be a l w a y s s o m e f r i c t i on p rov id ing some fo rces on geocon ta ine r -shee t dur ing open ing o f sp l i t 

barge and re leas ing t h e geocon ta iner . 

W h e n p rec ise d u m p i n g is requ i red , t h e sp l i t 

barge w i l l be f i xed t o the moo r i ng p o n t o o n and 

w i l l be m o v e d t o t h e required d u m p i n g pos i t i on 

us ing t h e pos i t i on ing fac i l i t ies on t h e p o n t o o n . 

A f t e r pos i t i on ing is f i x e d , t h e spl i t barge w i l l be 

o p e n and t h e geocon ta iner w i l l be re leased. A n 

examp le o f pos i t i on ing sys tem is s h o w n in 

F igure 6 . 

F igure 6 . Pos i t i on ing of sp l i t barge 

T h e req i red per imeter of geo tex t i l e shee t m u s t be su f f i c i en t e n o u g h t o release geocon ta ine r 

t h r o u g h t h e g i ven spl i t w i d t h b„ fo r a requ i red c ross-sec t iona l area of mater ia l in the b in of 

barge A, (or f i l l ing- ra t io of f i l l -mater ia l in respec t t o t h e m a x . theo re t i ca l c ross -sec t i on ) . The 

de r i va t i on o f t h e requi red m i n i m u m leng th o f per imeter of geo tex t i l e shee t is s h o w n b e l o w . 

Requi red per imete r of geo tex t i le shee t is S„ = ? 

Aq = t o ta l c ross-sec t iona l area ( theoret ica l max. ) 

<p = f i l l i ng-grade rat io < 1 

A, = requ i red c ross -sec t ion o f f i l l -sand 

(or V o l u m e = A, L; L = b in - length of a barge) 

Cons ider a un i t pass ing an open ing ' b „ ' (Figure 7 ) : 

(assuming a rec tangu lar f o r m of a pass ing uni t ) 

A, = b„ a ^ a = Ajb, 

and t h e per imeter is equal t o : 

S = 2 (a -I- b) = 2 ( A,/b„ + b^) = S,^|„|„„n, 

Figure 7 
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Pract ical requ i remen t : 

So > S^i„ 

It is r e c o m m e n d e d to use : 

S„ = ( 1 . 2 5 to 2) S„ i „ = (2 .5 to 4) ( A,/b<, + b„) 

Factor 1 .25 (as m i n i m u m ) up to 2 is necessary (it means 

s o m e w h a t longer per imeter = more f ree space) t o avo id 

j a m m i n g of t he un i t du r ing pass ing of t he open ing due t o 

t h e d i sc rapancy b e t w e e n the assumed rectangular ( theo

ret ical) f o r m and the real one (Figure 8 ) , bu t also because 

o f u n e v e n f i l l ing and/or f r i c t i on a long t h e bin l eng th . 

The re fo re , fo r a g iven per imeter S^, t he requi red f i l l ing-

rat io 0 w i l l be less t h a n 0 .8 (mos t l y 0 . 3 t o 0 . 5 ) . 

A par t of th is add i t iona l length is used t o make pleats 

a long t h e bin s ides fo r easier s l id ing of geocon ta iner . 

H o w e v e r , ther m u s t be enough f ree leng th (pleats) at t he 

t o p of geocon ta ine r t o avo id j a m m i n g in the last phase of 

re leas ing . 

The real f o r m of fa l l ing uni t is in f luenced by the w i d t h of 

open ing b^. For large (and quick) open ing the fa l l ing 

shape w i l l be c lose t o a rectangular o n e . For smal l ope

n ing t h e shape w i l l be simi lar t o the shape of wa te r -d rop 

or cone shape (see Figure 8 ) . 

The b o t t o m w i d t h ( b , ) of a fa l l ing un i t can be descr ibed by : 

Figure 8 

1 < b,/b„ < 2 

Phase I I I : re leas ing /dump ing of geocon ta ine r 

Dur ing pass ing the sp l i t open ing the geocon ta ine r sheet m u s t resist t h e c l inch ing fo rces exe r ted 

at t h e sp l i t edges due to the w e i g h t of t h e al ready passed soil and t h e f r i c t i on and j a m m i n g 

fo rces o f t h e rema in ing upper par t of soil (see Figure 8 ) . The magn i t ude of such f o r c e can be in 

order o f t h e to ta l w e i g h t of geocon ta iner per per imeter of sp l i t open ing or [ 0 .5 g {p^-pj A , ] . 

H o w e v e r , an uneven f r i c t i on d i s t r i bu t i on dur ing d u m p i n g (especial ly in the length d i rec t ion) m a y 

increase these fo rces cons iderab ly . O n the o ther s ide, a sudden open ing of sp l i t barge up t o t h e 

f ina l w i d t h can e f fec t i ve l y reduce t hese f o r c e s . Of cou rse , the t o p of t h e geocon ta ine r , w h i c h 

i nco rpo ra tes a large surp lus of geo tex t i l e w i l l be tens ioned on ly (no t t i l l ) at t h e last m o m e n t of 

release of geocon ta ine r . This surp lus of geo tex t i l e sheet m i g h t be larger t h a n needed for release 

of t he upper par t of geocon ta iner . In s u c h case, the f ree space cons i s t s on ly air and can p e r f o r m 

as a ba l loon dur ing s ink ing . 

A s c h e m a t i c desc r ip t i on of f r i c t i on and tens i le fo rces in geo tex t i l e dur ing t h e release of 

con ta iner f r o m the b in of t he barge is g iven hereaf ter . For smal l geocon ta ine rs (and proper 

p rov i s ions inside the bin) these f o r ces are mos t l y l ower t han the i m p a c t f o r ces . H o w e v e r , in 

case o f larger geocon ta ine rs these fo rces can be deces ive for t he p roper cho ice o f s t r e n g t h of 

geo tex t i l es . This is i l lus t ra ted in Figure 11 fo r a geoconta iner w i t h capac i t y (vo lume) of 5 0 0 m ' 

of so i l . 

8 



Friction and tensile forces in geotextile during release of geocontainer 

b / 
/ 

\ geocontainer 
/ 

\ (soil) k \ 
., . , \ , \ 

Capac i ty (vo lume) o f geocon ta ine r : V = 0.5 L b h 

w h e r e : L = to ta l l eng th of geocon ta ine r , b = t o p - w i d t h , and h = d e p t h o f so i l . 

The t o u c h (side) l eng th at t h e b o t t o m ' 1 ' is equal t o : I = J -H (0.5 b)^ 

and the sp l i t -open ing w i d t h b„ as f u n c t i o n of radius o f ro ta t i on (R) and angle o f open ing (0 ) is 

g iven by : b̂  = 2 R slnG 

Figure 9 . S c h e m a t i z a t i o n of b in f o r ca lcu la t ion o f f o r ces 

W , = b„ h Ks 

= 0.5 (b - b j h Ks = 0.5 ctgG., KS 

h = 0.5 (b - b j tan0„ 

A , = V /L= 0.5(b + b j h = 0 .25(b2 - b^̂ ) tan0„ 
or 

b = J 4 A, c tg0„ + b„2 

Equi l ib r ium of t h e rec tang le pa r t in ver t i ca l d i rec t ion is: 

T, +P„tan0 = 0.5(W3-b„wJ 

T, = 0.5(W3-b„w^) - P<,tan0 

failure plane 
or 

and 

T = {0.5(W3-b„wJ - Potan0} cosec0„ 

Figure 1 0 . 

A c t i n g f o r c e s in t h e b in 

Equi l ib r ium of t h e t r iang le in d i rec t ion of f r i c t i on f o r c e F 

is: 

F = W b sin0<, - P„ cos0„ + P „ tan0 sin0„ + T 

Equi l ib r ium of the t r iang le in d i rec t ion o f no rma l f o r ce N 

is: 

N = W b cos0„ - Po s i n 0 o - I - P „ tan0 cos0<, 

9 



w h e r e P„ is t h e s ta t i c ea r th pressure equal t o : =0 .5 K , is t he w a t e r p ressure in 

f u n c t i o n of loaded d r a f t d^, F is t h e f r i c t i on f o r c e , T is t h e tens i le f o r c e in geo tex t i l e , K = c o e f f i 

c ien t of s ta t ic ear th p ressu re , and (p t h e angle o f in terna l f r i c t i o n . 

The c r i te r ion is t h a t t h e f r i c t i on f o r ce F c a n n o t exceed / /N in w h i c h f j is t he f r i c t i on coe f f i c i en t 

b e t w e e n geocon ta ine r and b in of barge. T h u s , 

F™x = N 

A t t he m o m e n t t h a t F exceeds F^,,,,, s l id ing a long the barge s ta r t s and the m a x i m u m tens i le f o r c e 

is reached . 

In the g raph in Figure 11 t h e ind ica t i ve resu l ts f o r f o r ces F, F,̂ ^̂  ^ n d T are p resen ted f o r t w o 

va lues o f / / . For larger f r i c t i on coe f f i c i en t i / j ) t he con ta iner w i l l re lease t h e bin a t larger open ing 

o f t h e sp l i t ( larger O^,). 

10.0 

9.0 

8.0 

F ' • ° 

T 

[t/m] 6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0 

(xlO ^kN/m) 

''max 

^ w = 0.5 

^ ^ 0 = 0.4 

T 

10 15 20 

angle of opening 0 

25 

b o 

Lwi] 

30 

Note on ca lcu la t ion c o n d i t i o n s and a s s u m p t i o n s ; 

1) Barge: b i n - w i d t h B = 1 ^ . 4 m , L = 2 2 m , loaded d r a f t db = 3 .1 m , 

average loaded c ross - sec t i on o f geocon ta ine r (soil) A , = 2 2 m^, 

2) Geocon ta ine r 5 0 0 m^ 

Ang le of in te rna l f r i c t i o n ; <p = 30° 

Uni t w e i g h t o f so i l ; Ks = 1 -6 t / m ^ 
3) No w a t e r pene t ra t i on du r i ng open ing 

4) Fr ic t ion a t b o t h e n d s o f geocon ta ine r is neg lec ted 

Figure 1 1 . Re la t ionsh ips b e t w e e n f r i c t i on and tens i le f o r ces as f u n c t i o n sp l i t open ing 
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A f t e r s ta r t o f t he open ing o f t he hold of t h e spl i t barge t h e unders ide of t h e geocon ta ine r s ta r ts 

m o v i n g t h r o u g h t h e open ing of the spl i t barge . A par t of t h e geocon ta ine r is hang ing under t h e 

spl i t barge . A t a cer ta in w i d t h of the sp l i t open ing the w h o l e geocon ta ine r fa l ls t h r o u g h t h e 

open ing and the fa l l ing speed increases rap id ly . F rom th is m o m e n t t h e geocon ta ine r is f ree 

fa l l i ng . W h e n t h e sand in t h e conta iner is no t un i f o rm ly d i s t r i bu ted in long i tud ina l d i r e c t i o n , t h e 

con ta iner w i l l m o s t l y d rop f i rs t l y f r o m the s ide w i t h the least l oad . The re fo re , it is adv ised t o f i l l 

t he con ta ine r w i t h a l i t t le mo re sand at t h e bo th ends t h a n in t h e m idd le . It w i l l s t imu la te t h e 

hor izon ta l s ink ing o f t he geocon ta iner . 

The soi l ins ide a conta iner can be o f var ious cons i s tency . In case of hydrau l i c f i l l ing it w i l l be a 

fu l l y sa tu ra ted soi l (p^ = 2 0 0 0 kg /m^) . In case o f f i l l ing by re la t ive ly d ry sand ( w i t h no rma l 

m o i s t u r e ) , t h e main soi l body w i l l have a bu lk dens i t y of abou t 1 6 0 0 k g / m ^ . H o w e v e r , because 

the re is a l w a y s s o m e leakage of w a t e r t h r o u g h t h e b o t t o m spl i t , t h e l o w e r par t o f geocon ta ine r 

soi l w i l l be p robab l y sa tu ra ted . The d u m p i n g process is rather sho r t (a f e w s e c o n d s ) , t h e r e f o r e , 

one may assume t h a t th is init ial soi l cons i s tency remains nearly the same at t h e m o m e n t of 

i m p a c t w i t h t h e b o t t o m . 

In b o t h cases , the re w i l l be dur ing a d u m p i n g p rocess a cer ta in air p o c k e t at t h e t o p o f t h e 

geocon ta i ne r , p rov id ing an addi t iona l b u o y a n c y w h i c h m a y have in f luence on fa l l - ve loc i t y and 

t h u s , on i m p a c t f o r ces w i t h a b o t t o m . 

H o w e v e r , t h i s p rob lem is m u c h ser ious in case o f f i l l ing by re lat ive d ry s a n d . In t h a t case ap

p r o x i m a t e l y 4 0 % o f air is con ta ined in t h e pores of t he s a n d , and b e t w e e n the sand and t h e 

t o p fabr i c ( i .e. con ta iner w i t h 2 0 0 m^ of d ry sand m a y con ta in up t o 8 0 m^ o f a i r ) . Dur ing 

d u m p i n g , one or t w o large air pocke ts w i l l be f o r m e d , w h i c h ve ry o f t e n m a y cause t h e t o p 

seams t o sp r ing o p e n . The reason for t h i s is t h a t t he fab r i c , a l t h o u g h s a n d t i g h t and w a t e r 

pe rmeab le , is no longer able t o release s u c h a big quan t i t y of air m o m e n t a r i l , and m u s r t h e r e f o r e 

be requ i red as re la t ive ly ' a i r t i gh t ' . It appeared t o present major p r o b l e m s , par t i cu la r ly in t h e case 

of t h e th i cke r t ypes of fab r i cs . 

It is also poss ib le t h a t conta iners w h i c h rema in in tac t du r ing d u m p i n g t h e n m a y co l lapse du r i ng 

i m p a c t w i t h the b o t t o m . The reason for t h a t is also the large q u a n t i t y o f air w h i c h c a n n o t be 

r e m o v e d immed ia te l y dur ing the ' change of shape ' w h i c h t h e con ta iner undergoes a f te r i m p a c t . 

P ro to t ype obse rva t i ons s h o w e d t h a t if t h e con ta iner w a s a l ready co l lapsed du r i ng d u m p i n g 

(mos t l y on of t h e sea l ing /c los ing seam) , no fu r the r damage w a s f o u n d af ter i m p a c t . Where!col -

lapse o c c u r r e d on t h e bed , damage w a s f o u n d on seams at t he ends and/or in t h e c e n t r e ; in 

m o s t cases th is damage w a s caused to the seal ing seam. 

The poss ib le co l lapse modes dur ing d u m p i n g are i l lus t ra ted in Figure 1 2 . 

, ^, "ovtr th» top'unloiaim 

eol.lij)!» of mHi i9 I » M 

collaps» of 
sell log seaa 

bed \ »»«1IW «»«• 

Figure 1 2 , Possib le co l lapse m o d e s of geocon ta ine rs dur ing d u m p i n g 
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To avo id t i i ese fa i lures t t ie s t rong seams , special gri l ls ( 'ou t le t va lves/a i r v e n t s ' fo r air release at 

bo th ends o f geocon ta ine r ) , and addi t iona l expans ion seams w i t h a proper capac i t y s h o u l d be 

p rov ided on t h e t o p o f geoconta iner sheet . It may also help t o o v e r c o m e t h e 'air p r o b l e m ' by 

p lac ing t h e bin under w a t e r a f ter seal ing the conta iner . It may help t o avo id air p r o b l e m s du r i ng 

d u m p i n g , and also t o create cond i t i ons fo r more even p lac ing , h o w e v e r , t h e rep lac ing of air by 

w a t e r w i l l increase t h e rate of s ink ing ( fa l l -ve loc i ty ) , and t hus also t h e impac t f r o m land ing on 

t h e b o t t o m . In th is case the h igh m o m e n t a n e o u s impac t pressure w i l l be t r a n s m i t t e d by w a t e r 

in to geo tex t i l e w h i c h is t o o t i g h t fo r immed ia te release of th is p ressure . 

The i m p a c t fo rces w i t h the b o t t o m are of f u n c t i o n o f fa l l -ve loc i ty ( dump ve loc i t y ) o f a g e o c o n 

ta iner . The der i va t ion of t he fa l l - ve loc i ty is descr ibed hereaf te r . 

Fall (Dump) ve loc i t v 

The ac t ing fo rces on t h e geocon ta ine r are the grav i ta t iona l f o r ce , d i rec ted d o w n w a r d , and t h e 

f l o w res is tance f o r c e , d i rec ted u p w a r d . 

The g rav i ta t iona l f o r c e : 

= Vol (p^ - pJ g 

w i t h : 

= g rav i ta t iona l f o r ce [kN] 

Vo l = v o l u m e of geocon ta ine r [m^] 

P s = spec i f i c dens i t y f i l l mater ia l [ kg /m^] 

[kg /m^] P w = spec i f i c dens i t y w a t e r 

[kg /m^] 

[kg /m^] 

g = g rav i ta t iona l acce lera t ion [m/s2] 

The f l o w res is tance f o r ce : 

= ^ A Q 

w i t h : 

F, = f l o w res is tance f o r c e [kN] 

A = f l o w ca tch ing su r face area geocon ta ine r [m^] 

= spec i f i c dens i t y w a t e r [kg /m^] 

Cjj = drag coe f f i c i en t [-] 

V = ve loc i t y of geocon ta ine r [m /s ] 

The ve loc i t y of t h e geoconta iner w i l l increase af ter t he release f r o m t h e sp l i t ba rge . The 

increase of t h e ve loc i t y is g iven in the f o l l o w i n g f o r m u l a : 

vol 

w i t h : 

dV = increase of ve loc i t y [m /s ] 

= g rav i ta t iona l f o r ce [kN] 

Fr = f l o w res is tance f o r c e [kN] 

Vo l = v o l u m e of geocon ta ine r [m^] 

P s = spec i f i c dens i t y f i l l mater ia l [ kg /m^ ] 

P w = spec i f i c dens i t y w a t e r [ kg /m^ ] 

[m/s^ ] g = g rav i ta t iona l acce lera t ion 

[ kg /m^ ] 

[m/s^ ] 

d t = t i m e s tep [s] 

The equ i l i b r ium ve loc i t y is reached , w h e n the g rav i ta t iona l f o r ce equals the f l o w res is tance 

f o r c e . Th is is t h e m a x i m u m ve loc i t y (it can be in order of 4 t o 7 m/s fo r c o m m o n con ta i 

ners ) . 
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2 Vol (p^ - p„) g 

= equ i l ib r ium ve loc i t y [m/s ] 

= submerged (bulk) dens i ty f i l l mater ia l inside geocon ta iner [kg /m^] 

(P3 = 1 6 0 0 for d ry sand and 2 0 0 0 for sa tu ra ted sand) 

V e r y i m p o r t a n t w i t h respect to the s imu la t ion of t h e ve loc i t y is t h e c ross d i rec t iona l shape of 

t he geocon ta ine r du r ing the d u m p . The A , and f ree fal l ing he ight are de te rm ined by t h e shape 

of t he geocon ta ine r du r ing the d u m p . In th is theore t i ca l s imu la t ion a hor izonta l o r i en ta t i on of t h e 

geocon ta ine r is a s s u m e d . The shape o f t he geoconta iner dur ing the release can be schemat i zed 

by the f o l l o w i n g f a c t o r s : 

- Fil l ing of geocon ta iner , A , 

- Spl i t w i d t h , bo 

- He igh t of geocon ta iner , a. 

The fa l l ing he igh t of t h e geoconta iner is de f ined as t h e d i f fe rence b e t w e e n t h e unders ide of t he 

sp l i t barge and the sea/r iver bed . The f ree fa l l ing he ight is smal ler , name ly t h e d i s tance b e t w e e n 

t h e unders ide of t he geoconta iner and the bed at t h e m o m e n t the speed of t he geocon ta ine r 

s ta r ts t o increase rap id ly . The f ree fa l l ing he ight is impo r t an t in order t o de te rm ine if t h e 

geocon ta ine r reached i ts equ i l ib r ium ve loc i t y before t o u c h d o w n . 

It is a s s u m e d t h a t jus t before the geocon ta ine r is f ree fa l l ing the w h o l e v o l u m e of f i l l is hang ing 

in the geocon ta ine r under the spl i t barge . A s s u m i n g a rec tangular shape of t h e geocon ta ine r 

pass ing t h e sp l i t open ing of bg the he igh t of t h e geoconta iner (a,) can be ca lcu la ted . The d raugh t 

of t he sp l i t barge j us t before t h e geocon ta ine r le f t the hold depends on barge t y p e and i ts 

l oad ing . A s t h e shape of t he geocon ta ine r is no t exac t l y k n o w n du r i ng the d u m p , t h e f l o w 

ca t ch ing area of t he geoconta iner A ( = b,*L) and the drag coe f f i c i en t C,, are no t k n o w n . The 

ini t ia l C d va lue can be app rox ima ted t o 1 (or 1.2). 

A s it w a s a l ready men t i oned before t h e bu lk dens i t y of t he f i l l mater ia l inside t h e geocon ta ine r 

i nco rpo ra tes the dry bu lk dens i ty of t h e f i l l mate r ia l , t he wa te r c o n t e n t s in t h e geocon ta ine r and 

t h e air ins ide t h e geoconta iner on t o p of t he soi l w h i c h acts as b u o y a n c y . Due t o w a t e r in t h e 

ho ld (bin) o f t h e sp l i t barge dur ing t h e f i l l ing the l o w e s t part of t h e soi l in the geocon ta ine r is 

s a t u r a t e d . A l s o the buoyancy of t he air on t o p of t h e soi l in the geocon ta ine r w a s no t de te rm i 

ned . Based on t h e avai lable i n f o rma t i on the bu lk dens i ty of t he fi l l mater ia l ins ide t h e geocon ta i 

ner m a y va ry app rox ima te l y f r o m 1 6 0 0 t o 2 0 0 0 k g / m 3 for sand and 1 5 0 0 k g / m S fo r c lay . 

In p rac t i ce t h e ve loc i t y of t he geocon ta ine r is in f luenced by severa l f ac to rs t h a t are no t 

i nco rpo ra ted in the m o d e l , such as ro ta t i on of t he geoconta iner and non-hor i zon ta l o r i en ta t i on 

dur ing t h e d u m p . Further research is necessary on the shape o f t he geocon ta ine r du r ing 

d u m p i n g in order t o assess the drag coe f f i c i en t , f l o w ca tch ing area and f ree fa l l ing he igh t . 

A l so it is r e c o m m e n d e d t o assess accura te ly t h e bulk dens i ty of t he f i l l mate r ia l . 

A l l t hese par t l y u n k n o w n fac to rs w i l l in f luence t h e accuracy of ca lcu la t ion of fa l l - ve loc i t y . 

H o w e v e r , t h e avai lable measu remen ts data ind icate t ha t th is app roach p rov ides su f f i c i en t 

accu racy fo r an ini t ial des ign . 

In cases w h e r e h igher accuracy is requ i red t h e large model or p r o t o t y p e tes ts w i l l p rov ide a 

proper s o l u t i o n . 

w i t h : 
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The change of shape dur ing the d u m p and impac t is schemat i zed as f o l l o w s Figures 8 and 1 3 ) : 

1 . Or ig ina l s i tua t ion I An \ ^ 

- g i ven per imeter o f geotex t i le sheet S = S,, 

- f i i i ing grade <p < ^ 

- m a x . c ross -sec t ion Aq = 

2. Final pos i t i on 

W e assume a rec tangu lar shape as an average one 

(in real i ty i t is a semi -ova l or f la t t r iangular shape) 

- per imeter S = c o n s t a n t 

- c ross -sec t i on Af = (p = (p tp S^^ = a b 

So lu t i on 

Figure 13 

S = 2 (a + b) 

A , = 0 A „ = a b; b = 0 AJa 

and 

S = 2 { a -f- 0 A„ /a) 

2a + 2(p AJa - 8 = 0 

23^ - S a -I- 2 0 Ao = 0 

Ao = f S ' 

a^ - S a /2 + 0 0 S^ = 0 

A s s u m e : <p = 0 . 7 5 , A „ = 20n\^ ( A , = 1 5 m ^ ) , and S = 

2 0 m 

t h u s , 
tp = A „ / S „ ' = 2 0 V 2 0 = 0 . 0 5 < 0 . 0 8 (max.) 

(0 = 0 . 0 8 is a m a x i m u m fo r a c i rcular shape) 

t h a n , 

a = S/4 (1 - i 1 - 1 6 0 0 ) 

a = S/4 (1 - \ 1 - 1'6 0 . 7 5 0 . 0 5 ) 

a = S /4 (1 - J 1 - 0 .6 ) 

a = 0 . 0 9 2 5 * S 

a = 0 . 0 9 2 5 * 2 0 = 1.85 m 

a = 0 . 5 {S /2 ± J (3=^/4) - 4 <p tp S^} and 

a = S /4 (1 - \ 1 - 1 6 0 0 ) b = 0 A „ / a = 0 . 7 5 * 2 0 / 1 .85 = 8.1 m 

Simi lar ca lcu la t ion fo r semi-ova l shape p rov ides : 

The bas ic equa t ions are: 

S = 0 . 2 5 ?7 (a -1- b) + b = So = cons t . 

and 

A , = 0 . 1 2 5 /T a b = 0 Ao = 0 So^ 

p rov id i ng 
an,a,< = 0 . 6 3 5 So ( 1 - V I - 1 4 . 4 0) (max. he igh t of semi -ova l shape) 

a n d , 
b = A , / (0 .1 25 /r a) = 0 A o / ( 0 . 1 2 5 77 a) = 0 0 S o ' / ( 0 . 1 2 5 /r a) 

The average he igh t of t he semi -ova l shape w i l l be: a^^^,^^^ = A , /b = 0 . 1 2 5 /r a„^^ 

For l o w f i l l ing grade (0) , the real shape w i l l be mo re close t o rec tangu lar one , w h i l e fo r a h igh 

f i l l ing g rade more c lose to the semi -ova l shape. There fo re t h e m a x . he igh t of geocon ta ine r in t h e 

f ina l pos i t i on w i l l be : 
0 . 2 5 So (1 ± V 1 - 1 6 0 0) < a < 0 . 6 3 5 So ( 1 - V 1 - 1 4 . 4 tp 0) 

(Close t o rec tangu lar shape) (Close t o semi -ova l shape) 
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In th is w a y an average number of requi red geocon ta ine rs fo r a cer ta in c r o s s - s e c t i o n / v o l u m e o f 

des ign s t r u c t u r e can be es t ima ted . It has t o be s ta ted tha t th is is on ly t rue in case t h e g e o c o n 

ta iner is re leased f r o m the spl i t barge in hor izonta l o r ien ta t ion over t h e w h o l e l eng th . 

The c ross sec t iona l shape of the geocon ta iner du r ing the var ious s tages of t he d u m p depends 

on the f o l l o w i n g f a c t o r s : 
- g e o m e t r y of t h e hold of t he spl i t barge 

- sp l i t w i d t h 

- open ing speed of hold 

- per imeter of geoconta iner 

- f i l l ing g rade of geoconta iner 

- t y p e of f i l l mater ia l (clay or sand) 

- bu lk w e i g h t of t h e fi l l mater ia l 

The exac t pos i t i on and or shape of geocon ta ine rs on the b o t t o m , and t h e shape of real ized 

s t ruc tu re can be es t ima ted in si te by sound ing m e t h o d s and/or d i ve rs . 

Change of shape of r ound (circle) geo tube on t h e b o t t o m 

Per imeter S = /r D = = cons t . (Figure 14) 

Cross-sec t iona l area: A„ = n D^/4 ( = 1 0 0 % ) 

1 . W h e n 1 0 0 % f i l led ( 0 = 1) 

- t he m a x i m u m va lue o f a rat io tp = AJS^^ is : 

^ = A „ / S / = (/r D2/4)/(77 D)2 = 1/(4/7) = 0 . 0 8 

2 . If 0 < 1 , 0 = Ao/So < 1/(4 rr), t he shape at t h e 

b o t t o m w i l l be c lose t o the el l ipse. 

The bas ic equa t ions are: 

S = 0 .5 /7 (a -I- b) = 77 D = So = cons t . and 

A , = 0 . 2 5 IT a b = 0 A o = 0 / 7 D V 4 

These equa t i ons can be so lved in respec t t o t h e d imens ions of e l l ipse: 

Figure 1 4 

a b = 0 D 2 ^ b = 0 D^/a and (a -t- b) = 2 D 

(a -I- 0 D^/a) = 2 D and a^ - 2 a D + 0 = 0 

p rov id ing a = D (1 ± V 1 - 0 ) 

| f ^ = 1 , a = b = D (circular tube) and because D = SJrr, t h u s 

a = SJrr (1 + V T ^ ) 

A s s u m e 0 = 0 . 7 5 , t h a n 

a = D (1 - V T ~ ^ ) = D (1 - V I - 0 . 7 5 ) = D (1 - / O T ^ S ) = 0 .5 D 

For 0 = 0 . 9 0 and 0 . 9 5 the respec t ive m a g n i t u d e of ' a ' is 0 . 6 9 D and 0 . 7 8 D. T h a t exp la ins 

also t h e f ina l shapes of geo tubes and geocon ta ine rs ; because the f i l l ing g rade is a l w a y s less 

t han 1 (less t h a n 1 0 0 % ) the shape w i l l a l w a y s be ova l . Even 9 5 % of f i l l ing grade p rov ides 2 2 % 

reduc t i on of t h e h igh t of a un i t . 
For larger un i ts and l o w f i l l ing grade ( 0 ) , t he real shape w i l l be more c lose t o rec tangu lar o n e : 

So/4 (1 ± V 1 - 1 Ö V 0 ) < a < D (1 - V T ^ ) = So//7 ( 1 - V 1 - 0 ) 
(Close to rec tangu la r shape) (Close t o e l l ip t ical shape) 
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Phase IV: I m p a c t on b o t t o m (subsoi l ) 

A theo re t i ca l mode l is set up t o s imu la te the t r a n s f o r m a t i o n o f t he k inet ic ene rgy o f t h e 

geocon ta ine r in to t h e overpressure inside t h e geocon ta ine r . Dur ing t h e impac t of t h e g e o c o n t a i 

ner on t h e s u b soil t h e k inet ic energy w i l l be d i ss ipa ted . The con t r i bu t i ons t o t h e d i ss ipa t i on are: 

in terna l f r i c t i on and cohes ion of t he soi l du r ing d e f o r m a t i o n ins ide the geocon ta ine r ; 

tens i le s t ra in of t he geo tex t i l e ; 

gr i l ls and expans ion seams ; 

t y p e ( rock , no rma l so i l , so f t soil) and s e t t l e m e n t of t h e subso i l ; 

f r i c t i on b e t w e e n subso i l and geo tex t i l e ; 

escape of a i r -wa te r t h r o u g h t h e geo tex t i l e du r i ng the i m p a c t ; 

escape of a i r -wa te r in length d i r ec t i on : 3 d imens iona l e f f ec t s . 

The shape o f t h e geocon ta ine r du r ing the d u m p be fo re and af ter t h e impac t on t h e sub soi l is 

schema t i zed as in Figures 8 and 1 3 . 

Dur ing t h e i m p a c t o n the sub soil t h e geocon ta ine r is reshaped f r o m a ver t i ca l l y o r i en ta ted el l ip

se in to a hor i zon ta l l y o r ien ta ted e l l ipse. In t h e de r i va t ion of t he theore t i ca l mode l i t is a s s u m e d 

t h a t t h e geocon ta ine r dur ing the impac t is at cer ta in m o m e n t cv l inder shaped (as t r a n s i t i o n f r o m 

d r o p shape in to semi -ova l shape, see Figure 5 ) . A l s o it is assumed t h a t t h e mass ins ide t h e 

geocon ta ine r is equal ly d i s t r i bu ted t h r o u g h o u t . 

J u s t be fore t o u c h d o w n t h e w h o l e geocon ta ine r has a cer ta in k inet ic energy depend ing on i ts 

ve loc i t y (F igure 1 5 ) . , 

Figure 1 5 . Schemat i za t i on of i m p a c t 

w i t h : 
E^in = k inet ic energy [ N m ] 
M = mass of geocon ta iner [kg ] 
v = fa l l ve loc i t y of geocon ta ine r [m /s ] 

The k inet ic energy is (part ly) absorbed by the s t ra in of t h e geo tex t i l e . The f o l l o w i n g f o r m u l a is 

va l id for 1 m w i d t h of t he geocon ta ine r . 

w i t h : 
Egbs = absorbed energy by s t ra in geo tex t i l e [ N m ] 

E = e las t ic i ty m o d u l u s of geo tex t i l e [ N / m ] 

S = per imeter of geocon ta ine r [m ] 

F = tens i le f o r ce in geo tex t i l e [ N / m ] 
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The ins ide pressure resu l ts in a tens i le f o r ce of t h e geo tex t i le . A s s u m i n g a cv l inder shaped 

geocon ta ine r and a c o n s t a n t pressure a long the per imeter the f o r m u l a p resented b e l o w is va l id 

( for a c ross sec t i on of a cy l inder w i t h 1 m w i d t h ) . 

F = q. R 

w i t h : 
F = tangent ia l fo rce in cy l inder [ N / m ] 

q o = ins ide pressure [ N / m 2 ] 

R = radius of cy l inder ( = S/2 /T) [m ] 

S = per imeter of geocon ta iner [m ] 

Fo l l ow ing f r o m the above presented f o r m u l a s , t h e energy absorbed by the s t ra in o f t he 

geo tex t i l e over t h e fu l l l eng th of t he geocon ta iner can be presented as f o l l o w s : 

E^,, = \ ( | ) q'o L 

w i t h : 

^abs = absorbed energy by s t ra in geo tex t i l e [ N m ] 

E = e las t ic i ty modu lus o f geo tex t i le [ N / m ] 

S = per imeter of geocon ta iner [m ] 

q o = ins ide pressure [ N / m 2 ] 

R = radius of cy l inder [m ] 

L = leng th of geoconta iner [m ] 

On ly a pa r t of t he t o ta l k inet ic energy w i l l be t rans la ted in to s t ra in of t he geo tex t i l e . 

^abs = ^ ^kln 

w i t h : 

Ekin = k inet ic energy 

Egbs = absorbed energy by s t ra in geo tex t i l e 

K = d iss ipa t ion fac to r 

The above f o r m u l a s resu l t in the f o r m u l a p resented b e l o w . 

Vol E 

S L R^ 

w i t h : 
q o = overp ressure inside the geocon ta ine r 

V o l = v o l u m e of f i l l ins ide the geocon ta ine r 

P3 = bu lk dens i ty of t h e f i l l mater ia l 

(P3 = 1 6 0 0 for d ry sand and 2 0 0 0 fo r sa tu ra ted sand) 

v = ve loc i t y at t he t o u c h d o w n 

E = s t i f f ness modu lus of t he geotex t i le 

L = leng th of geocon ta iner 

R = radius of t he geocon ta ine r ( = S/2n-) 

S = per imeter of geocon ta iner 

K = d iss ipa t ion fac to r 

[Nm] 

[ N m ] 

[-] 

[N /m^] 

[m^] 

[ kg /m^ ] 

[m /s ] 

[ N / m ] 

[m ] 

[m ] 

[m ] 

[-] 
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Pro to t ype ve r i f i ca t i on 

Tt i is t i i eo re t i ca l mode l can be ca l ibra ted w i t t i t he t e s t resul ts by means of t h e K- factor . F rom t h e 

p r o t o t y p e t es t s in t h e Nether lands in 1 9 9 4 for t w o d u m p s of t he geocon ta ine rs f i l led w i t h sand 

( 1 7 0 and 1 3 0 m^ resp . in wa te r dep th of 18 and 13 m resp . ) , t h e K- factor is d e t e r m i n e d , 

acco rd ing t o t h e above g i ven f o r m u l a . 

Each geocon ta ine r had a theore t ica l v o l u m e of 3 6 8 m^ w i t h the f o l l o w i n g d imens ions : l eng th ap

p rox . 2 4 . 5 m , w i d t h app rox . 5 .0 m , and he igh t app rox . 3 .0 m ; (A,, = 3 6 8 / 2 4 . 5 = 15 m^). The 

m a x . sp l i t open ing w a s b^ = 2 .5 m . 

The geocon ta ine rs w e r e fab r i ca ted f r o m a po l yp ropy lene w o v e n geo tex t i l e , GEOLON 1 2 0 . Th is 

geo tex t i l e has t h e f o l l o w i n g charac te r i s t i cs : Mass 6 3 0 g r / m ^ Tens i le s t r eng th ( w a r p and w e f t 

d i rec t ion) 1 2 0 k N / m , Y o u n g ' s modu lus of e las t ic i ty 1 0 0 0 k N / m , Open ing size Ogo 1 7 0 / / m , and 

Permeabi l i ty 17 t /m^/s . 

Based on t h e s tandard w i d t h of t h e geo tex t i l e , t h e geocon ta iner w a s c o n s t r u c t e d of geo tex t i l e 

sec t ions of 5 m . The seams had a s t r e n g t h of 7 0 % of the tens i le s t r e n g t h o f t he geo tex t i l e . 

On t o p of t h e geocon ta ine r 3 re in fo rced air ven ts have been c rea ted t o decrease the e x p e c t e d 

ove rp ressu res ins ide the geocon ta ine r , w h i c h occu rs dur ing the d u m p . A l s o at t he f r o n t and rear 

end such air ven t s have been c o n s t r u c t e d . Further t w o long i tud ina l expans ion seams w e r e m a d e 

on t o p of t h e geocon ta ine r w i t h t h e pu rpose t o decrease the tens i le s t ra in in t h e geo tex t i l e 

du r ing t h e d u m p of the geocon ta ine r . 

A f t e r f i l l i ng , t h e t ops ide is connec ted t o t h e geoconta iner by means of a rope and a h a n d s t i t c h 

at t h e f r o n t e n d , t h e rear end and a long one long i tud ina l s ide . 

The f o l l o w i n g f o r m u l a w a s ca l ib ra ted : 

w i t h = 1 6 0 0 k g / m ^ 

For the f i r s t geocon ta ine r t h e resu l t of t h e ca l ib ra t ion is: = 0 . 4 0 or K = 0 . 6 3 . Th is w o u l d 

mean t h a t 6 0 % of the theore t i ca l increase of t h e pressure is apparen t . This w o u l d also m e a n 

t h a t more t h a n 3 7 % of t h e k inet ic energy is d iss ipa ted in ano ther w a y . 

For the s e c o n d geocon ta ine r t h e d i ss ipa t ion f ac to r = 1.17 or K is 1 .08 . The reason f o r th is 

h igher va lue can be t h a t in the f i r s t geocon ta ine r overp ressure cou ld escape because t h e 

geocon ta ine r w a s rup tu red before reach ing t h e b o t t o m of the sand p i t . 

In t h e o r y t h e d iss ipa t ion fac to r c a n n o t exceed 1 . This cou ld mean t h a t t h e schemat i za t i ons in 

the mode l are t o o r o u g h . 

O n c e again it is s ta ted t h a t th is theo re t i ca l mode l is a f i r s t s tep t o w a r d s a mo re soph i s t i ca ted 

m o d e l . The re fo re i t is necessary t o p e r f o r m more tes ts in order t o increase t h e va l id i ty of t h e 

m o d e l . Poss ib le reasons fo r t he non-va l id i t y of t he mode l cou ld be: 

- No cy l inder shape o f t he geocon ta ine r 

- The f i l l o f t h e geocon ta iner is no t equal ly d i s t r i bu ted over t h e c ross sect iona l area 

- The measured pressure is no t p resen t t h r o u g h o u t w h o l e geocon ta ine r at one t i m e b u t 

m o r e loca l ly 
- The sho r t t e r m e last ic i ty of t h e geo tex t i l e is larger t han 1 0 0 0 k N / m 

In s imi lar w a y t h e tensi le fo rce in t h e geo tex t i l e can be der i ved f r o m the ins ide p ressure as 

measured du r i ng these tes ts in the geocon ta ine rs . 

Vol Pg V 2 E 

\ S L 

F Qo R 

w i t h : F 

qo 
R 

S 

= tangen t ia l f o rce in cy l inder 

= ins ide pressure 

= radius o f cy l inder ( = 3/2/7- = 2 . 5 5 m) 

= per imeter of geocon ta ine r (3 = 16 m) 

[ N / m ] 

[ N / m 2 ] 

[m ] 

[m] 
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For the f i r s t geocon ta ine r ( 1 7 0 of sand) an overp ressure of 17 l<N/nn^ resu l ts in a tens i le 

f o r c e of 4 3 k N / m . The second geocon ta ine r ( 1 3 0 m^ of sand) had to w i t h s t a n d an ove rp ressu re 

of 3 5 k N / m ^ , w h i c h resu l ts in a tens i le s t ress of 8 9 k N / m . The tens i le s t reng th o f t h e seams o f 

t h e geocon ta ine r are app rox ima te l y 7 0 % o f the tens i le s t reng th o f t he geo tex t i l e : 7 0 % o f 1 2 0 

k N / m = 8 4 k N / m . It has t o be s ta ted t h a t t h e ca lcu la ted tensi le fo rces are impac t loads . The 

sho r t t e r m tens i le s t r e n g t h of t he geotex t i le is larger t h a n 1 2 0 k N / m . Bo th tens i le f o r ces are 

b e l o w the tens i le s t r e n g t h of t he c o n f e c t i o n s e a m . 

Geocon ta ine r 2 d id no t fai l dur ing the i m p a c t on t h e subso i l , w h i c h cou ld be expec ted f r o m t h e 

above ca lcu la t ion bear ing in m ind tha t t h e shor t t e r m u l t ima te tens i le f o r ce is h igher t h a n t h e 

8 4 k N / m . 

Geocon ta ine r 1 fa i led at t h e f r o n t end du r ing t h e impac t on the sub soi l a l t hough the tens i le 

f o r c e theore t i ca l l y does n o t exceed the tens i le s t r e n g t h . F rom t h e observa t ions du r ing t h e t e s t i t 

can be c o n c l u d e d t h a t t h e geoconta iner fa i led because of a reason w h i c h is no t i n co rpo ra ted in 

t h e theore t i ca l mode l (uneven release of geocon ta ine r resu l t ing in fa i lure of one of t h e t o p 

seams) . 

It shou ld be s ta ted t h a t t h e theore t i ca l s imu la t i on mode ls are r ough schema t i za t i ons . These 

mode ls can on ly be used t o g ive an i nd i ca t i on . 

Pract ical n o t e : 
The p r o t o t y p e exper ience ind icate t h a t geocon ta ine rs w i t h v o l u m e up t o 2 0 0 m^ and d u m p e d in 

wa te r d e p t h exceed ing 1 0 m have been f r equen t l y damaged (col lapse of seams) us ing geo tex t i l e 

w i t h tens i le s t r e n g t h l owe r than 75 k N / m , wh i l e near ly no damage w a s obse rved w h e n us ing 

t h e geo tex t i l e w i t h tens i le s t reng th equal or mo re t h a n 1 5 0 k N / m . Th is i n f o rma t i on can be of 

use fo r t h e f i r s t se lec t ion of geocon ta ine rs fo r a spec i f i c p ro jec t (is an acc ident ia l d a m a g e 

acceptab le or n o t ) . 

Phase V : reshap ing o f geocon ta ine r and s tab i l i za t ion (f inal pos i t i on and shape) 

In t h e p rev ious sec t i on t h e fo rces and s t resses in geo tex t i l e j us t d i rec t a f ter i m p a c t w i t h b o t t o m 

w e r e ca lcu la ted (assuming a cy l indr ica l t rans i t i ona l shape) . These are p robab ly t h e m a x i m u m 

m o m e m t a n e o u s fo rces /s t resses ac t ing on geocon ta ine rs . H o w e v e r , as it w a s al ready s ta ted 

before (see also Figure 8) t h e f inal shape o f geocon ta ine r is c lose t o a semi -ova l or f l a t t r i angu la r 

one . The f o r ces du r i ng reshap ing t o t h e f ina l pos i t i on can be rough ly app roached in t h e 

f o l l o w i n g w a y (Figure 1 6 ) . W e assume here t h a t t h e soi l in t h e geocon ta iner is sa tu ra ted and 

behaves as a ve ry dense- f lu id jet {p^ = 2 0 0 0 kg/m^) w i t h t h e mass M and impac t i ng a b o t t o m 

w i t h v e l o c i t y v . 

Figure 1 6 . M a t h e m a t i c a l schemat i za t i on o f reshap ing of geocon ta ine r 
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The i m p a c t energy is equal to (0 .5 M v ) . Th is energy w i l l be used for reshap ing o f geocon ta i ne r 

unt i l l t h e s ta t i ona ry pos i t i on is reached . Because of t he l iquef ied cond i t i ons of soi l one m a y 

assume t h a t th is p rocess w i l l tal<e p lace near ly w i t h o u t ini t ia l d iss ipa t ion o f energy . A f t e r i m p a c t 

th is soil w i l l t r y t o spread on bo th sides w i t h ve loc i t y v , and th i ckness ' a ' , w i t h i n t h e l im i ta t i ons 

of t he per imete r of t h e geoconta iner (see Figure 1 6 ) . 

A p p l y i n g t h e ene rgy conserva t ion equa t i on one m a y ob ta in for t h e energy in t h e hor i zon ta l je t 

t h e f o l l o w i n g resu l t : 

Ei,,en = Ei , ight = (1/12) M v ^ 

a n d , f r o m t h e ene rgy balance 

El,|eft + right ~ E,otal 

- I 

2 (1/12) M = (1/2) M V 
a n d . 

= 3 or 

M 
f 

V 

v . 

On the o ther s ide , app ly ing equa t ion of m o m e n t u m c o n t i n u i t y , one m a y ob ta in t h e ave rage 

th i ckness o f a hor izonta l je t ' a ' as f u n c t i o n of t h e th i ckness o f ver t i ca l jet ' b ' ( t h i ckness o f 

geocon ta ine r j us t be fo re impac t ) : 

or 

b V = 2 a v, 

a = b v/(2 V l ) = b/(2 ^ ) = 0.289 b 

(as a f i r s t a p p r o x i m a t i o n the th i ckness ' b ' can be assumed equal t o t h e spl i t open ing of t h e 

barge b^). 

K n o w i n g t h e e las t ic i ty charac ter is t ics (e longat ion v s . s t ress) of t he geotex t i le t h e exe r t ed f o r c e 

necessary t o reduce t h e ve loc i t y v , t o zero can be ca lcu la ted . 

A s s u m i n g t h a t t he geo tex t i l e is kept in pos i t i on by f r i c t i on w i t h t h e subso i l , t he f o r c e exe r t ed by 

hor izonta l je t on geo tex t i l e of c ross-area ( a * 1 m length) wi l l be in order of t he f o l l o w i n g 

m a g n i t u d e : 

Fo = 0 . 5 a ( 1 m)-p,-y^2 = 1-5-a-(1 m)p,y^^ 

w h e r e ; 

P s = bu lk dens i t y of t h e fi l l mater ia l 

( 1 6 0 0 for d ry sand and 2 0 0 0 fo r sa tu ra ted sand) 

[ kg /m^ 

Example : 

A s s u m e : b^ = 2 . 5 m , p, = 2 0 0 0 k g / m ^ (sa tu ra ted sand) , a = 0 . 2 9 , b = 0 . 7 2 5 m , and v , = 4 

m /s , t h e n 

Fn = 1.5'0.725'1 •2000-4^ = 34800 N per I m length ( f o r sa tu ra ted sand) 

These f o r ces are p robab l y lower t han these for t h e t rans i t iona l c i rcular shape as d e s c u s s e d 

p rev ious ly . 

No te : t he prac t ica l re levancy of th is app roach has no t been p roven ye t . 
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S u m m a r y of d u m p i n g process and pract ica l uncer ta in t ies 

A s u m m a r y o f va r ious fo rces dur ing t t ie d u m p i n g and p lacement p rocess is g iven in Figure 1 7 . 

l e ^ s C o v i p o c s i i ' ^ q , d u w p » : v % g / T r e t . C t 

f ^ 

te^- 1 - - v l 1 1 _ 

hf Tm ,m 

Figure 1 7 . D e v e l o p m e n t of fo rces du r ing d u m p i n g p rocess of geocon ta ine r 

1 . A f t e r open ing of t l i e sp l i t o f a barge t h e geocon ta ine r is pul led o u t by t h e w e i g h t of so i l b u t 

at t h e same t i m e t h e f r i c t i on fo rces a long t h e bin s ide are re tard ing th is p rocess . Due t o t hese 

fo rces t h e t e n s i o n in geo tex t i le is deve lop ing at l o w e r par t and bo th sides o f t h e g e o c o n t a i n e r . 

The upper pa r t is f ree of t ens ion t i l l t h e m o m e n t of comp le te re leasing of geocon ta ine r . 

Quest ions: 
- desc r ip t i on of f r i c t i on fo rces in t h e b in (to avo id b lockage o f spl i t ) i nc l . t h e rol o f p lea ts 

(add i t iona l f o l ds /w r i nk l es ) a long t h e bin 

- d e v e l o p m e n t of fo rces /s t resses in geo tex t i l e du r i ng hang ing in and passage o f sp l i t i nc l . 

e f f ec t of in i t ia l per imeter of geo tex t i l e and f i l l -grade 

- w h a t is a p roper f i l l ing of geocon ta ine r in l ong tud ina l d i rec t ion a l l ow ing hor i zon ta l d u m 

p i n g / p l a c e m e n t 

2 . Geocon ta ine r w i l l a l w a y s con ta in a cer ta in a m o u n t of air in the pores o f soi l and b e t w e e n t h e 

soi l and t h e t o p o f (surplus) geo tex t i l e p rov id ing an add i t iona l b u o y a n c y du r i ng s i n k i n g . T h e 

a m o u n t and loca t ion of air pocke ts depends on so i ! cons i s tency (d ry , sa tu ra ted) and u n i f o r m i t y 

of d u m p i n g . The air pocke ts w i l l exer t cer ta in f o r ces on geo tex t i l e and w i l l i n f luence t h e w a y o f 

s i nk ing . 

Quest ions: 
- h o w t o descr ibe the process o f release of air f r o m t h e soi l in (shor t ) t ime under inc res ing 

ou ts ide (hyd ros ta t i c ) p ressure , t h e rol o t f ree space c rea ted by surp lus of geo tex t i l e , and t h e 

permeab i l i t y of geo tex t i l e /a i r t i gh tness ( i .e. w h a t w i l l be t h e in f luence of inc reas ing o f 

geo tex t i l e open ing and percen tage of open ings by f ac to r 2 on reduc t i on of p ressure and fa l l -

ve l oc i t y ) ; i n f l uence of air pocke t on fa l l - ve loc i t y 

- desc r i p t i on of s t resses in geo tex t i le due t o air pocke ts /a i r ba l loon 

- e f f ec t of i n f i l t ra t ion of w a t e r in case of d r y sand 

- desc r i p t i on of change o f shape o f geocon ta ine r dur ing d u m p i n g inc l . t h e rol o f speed o f sp l i t 

open ing and t h e f ina l sp l i t w i d t h 

3. The f o r ces due t o the impac t w i t h the b o t t o m w i l l be in f l uenced by a numbe r o f f a c t o r s : 
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* cons i s t ency of soi l ins ide the geoconta iner (dry , semi -d ry , s a t u r a t e d , cohes ie , etc. ) and i ts 

phys ica l charac te r i s t i cs (i.e. in ternal f r i c t ion) 

* a m o u n t of air 

* pe rmeab i l i t y /a i r t i gh tness of geo tex t i le 

* s t r eng th charac te r i s t i cs of geo tex t i le (e las t i c i t y /e longat ion vs . s t resses , etc. ) 

* fa l l - ve loc i ty ( in f luenced by cons i s tency of so i l ; sa tu ra ted soi l d im in i sh a m o u n t of air b u t 

increases fal l speed) 

* shape and ca t ch ing sur face o f geoconta iner at i m p a c t inc l . e f f e c t of no t hor izonta l s ink ing 

( i .e. ca t ch i ng of b o t t o m w i t h one end) 

* t y p e o f b o t t o m (sand, c lay , s o f t so i l , rock , soi l covered w i t h rockf i l l ma t t r ess , etc. ) and /o r 

t y p e of sub layer ( i .e. layer of p rev ious p laced conta iners) 

Dur ing t h e i m p a c t t h e c ross-sec t iona l shape of geocon ta ine r w i l l be unde rgo ing a c o n t i n o u s 

reshap ing ; f r o m cone shape , f i rs t p robab ly in to a t rans i t iona l cy l indr ica l shape, and t h r o u g h a 

cer ta in re laxa t i on , in to a semi -ova l shape or f la t t r i angu la r / rec tangu la r shape d i c ta ted by soi l 

t y p e , per imeter of geo tex t i l e , and e longa t ion charac ter is t i cs of geo tex t i l e . 

Quest ions: 
- W h a t do w e k n o w on t h e mode l l ing (mathemat ica l f o rmu la t i on ) conce rn ing the p rocess 

d e s c r i p t i o n , exe r ted fo rces /p ressu res , and s t resses induced in geo tex t i l es 

- H o w t o op t im i ze des ign /m in im ize fo rces and s t resses (qua l i ta t ive ly and/or quan t i t a t i ve l y ) , ( i .e. 

d ry sand v s . sa tu ra ted so i l , e f f e c t of a m o u n t of air, e f f ec t of shape and pos i t i on of g e o c o n t a i 

ner at t h e i m p a c t , etc. ) 

- W h a t is t h e p e r f o r m a n c e of geocon ta ine r dur ing the i m p a c t w h e n hydrau l ica l iy f i l led (dense 

f l u i d / so i l -wa te r m ix tu re ) for d i f f e ren t poss ib le cases: geo tex t i l e permeab le and geo tex t i l e 

impermeab le ( impermeab le because of c l ogg ing /b lokk ing or impe rmeab le because of f u n c t i o 

nal r e q u i r e m e n t s , i.e. s to rage of con tam ina ted d redged mater ia l ) ; w h a t w i l l be p e r f o r m a n c e in 

t ime ( d e w a t e r i n g , se t t l emen t , reshap ing , etc. ) 

- W h e n w e are able to descr ibe t h e e f f ec t of t he air w e can f o r m u l a t e the add i t iona l requ i re 

m e n t s c o n c e r n i n g the air release measures (air v e n t s , expans ion seams , etc.) 

- W h a t w i l l be e f f e c t of impac t of geoconta iner on re la t ive ly sharp s tone 

- Can w e br ing a l ready ex is t ing approaches to one cons is ten t des ign l ine 

4 . In f inal s i t ua t i on the geocon ta ine rs w i l l pe r f o rm as a core mater ia l o f va r ious p r o t e c t i v e 

s t ruc tu res or as i ndependen t s t r uc tu re exposed t o load ing by cu r ren t s and w a v e s , and o ther 

load ings ( ice, deb r i s , sh ip co l l i s ion , vanda l i sm , e t c . ) . In m o s t cases t h e geocon ta ine rs w i l l be 

f i l led by f ine ( loosely packed) so i ls . 

Quest ions: 

- H o w t o de te rm ine the in ternal s tab i l i t y of geocon ta ine rs in f u n c t i o n of hydrau l i c load ing 

( m i g r a t i o n / ' r u p s e n ' , cond i t i ons of l i que fac t i on , d e f o r m a t i o n of s t r u c t u r e , etc.) 

- In f luence of a rmor i ng o n the su r face ( rock, b lockmats ) on p e r f o r m a n c e of geocon ta ine rs 

( reduc t ion of ex te rna l / in te rna l loading) 

- Pe r fo rmance o f geocon ta ine rs under se ismic load ing 

NB. 

A l l add i t iona l sugges t i ons on i m p r o v e m e n t of des ign t echn ique of geocon ta ine rs are w e l c o m e l l ! 

Some examp les of p lac ing and app l ica t ion of geocon ta ine rs are s h o w n in Figure 1 8 . 
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Figure 1 8 . Examples o f p lac ing and app l ica t ion of geocon ta ine rs 
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Recommendations on stability criteria for geosystems 

* Sand and mor ta r f i l led bags 

For the t i m e be ing it can be conc luded t h a t t he s tab i l i t y of sandbags w i t h the w i d t h - l e n g t h rat io 

no t larger t h a n 1 t o 3 and proper ly f i l led ( > 7 0 % ) , can be c o m p u t e d in the s imi lar w a y as 

r iprap. It is r e c o m m e n d e d to ca lcu late the s tab i l i ty acc . to P i la rczyk 's f o rmu la (Pi larczyk, Coas ta l 

P ro tec t i on , 1 9 9 0 ) w i t h s tab i l i t y coe f f i c ien t c = 2 . 5 , n l . : 

H3 /AD = c cosa f fo r f < = 3 , 

(for f > 3 , t h e va lues ca lcu la ted for f = 3 can be used) , 

w h e r e : H3 = s ign i f i can t w a v e he igh t , A = re lat ive dens i t y of t h e bags , {p^ - p j / p ^ , D = 

average t h i c kness of bags , c = s tab i l i t y coe f f i c ien t de f ined at f = 1 , a = s lope angle (it can be 

neg lec ted fo r s lopes mi lder t han 1 on 3 ) , f = sur f -s im i la r i t y parameter equal t o tana/{HJiy^, 

and Lo = w a v e l e n g t h . The dens i ty of bags ip^) can be assumed 2 0 0 0 and 2 3 0 0 k g / m ^ resp . fo r 

sand and conc re te (A resp. 1 and 1.3) . 

No te : Sand- f i l led un i ts appl icable ti l l H3 = 1.5 m (max . 2 m ) . 

* S tab i l i t y o f f o resho re p ro tec t i on mat t resses inc l . sand-sausage ma t t resses (Pro f i x -mat ) 

For t h e f i r s t a p p r o x i m a t i o n of s tab i l i ty of sand - or mor tar - f i l led mat t resses ( i .e. ProFix or 

Fabr i fo rm mats ) of mo re or less un i f o rm th ickness t h e f o rmu la p roposed by Pi larczyk ( 1 9 9 0 ) can 

be u s e d : 

H3/AD3,. = o c o s a f ^'^ fo r f < = 3 

(for f > 3 , t h e va lues ca lcu la ted fo r f = 3 can be used) 

w h e r e : A = re lat ive dens i t y of t he ma t t r ess , D^q, = equ iva len t (average) th i ckness o f m a t t r e s s , 

c = s tab i l i t y coe f f i c i en t de f ined at f = 1 (def in i t ion o f o ther paramete rs is the same as a b o v e ) . 

The va lue o f coe f f i c i en t ' c ' depends on t h e fa i lure m e c h a n i s m and the rat io b e t w e e n t h e 

permeab i l i t y of t h e ma t t ress and the permeab i l i t y of t h e subso i l , kjk^: 

c = 4 w h e n kjk^ < 1 w i t h the up l i f t o f mat t ress and d e f o r m a t i o n of subsoi l as ma in fa i lu re 

m e c h a n i s m , and 

0 = 6 w h e n kjk^ > = 1 w i t h the d e f o r m a t i o n of subso i l as the ma in fa i lure m e c h a n i s m . 

The range of c-va lues f o l l o w s f r o m t h e research pro jec ts o f De l f t Hydrau l i cs w i t h p laced b lock 

r e v e t m e n t s / b l o c k - m a t s and d i f f e ren t t y p e of ma t t resses . It shou ld be no ted t h a t t h e up l i f t can 

a l ready s ta r t at c = 2 , bu t it is so smal l and of s u c h sho r t du ra t i on t h a t i t w i l l no resu l t in a 

ser ious d a m a g e t o t h e ma t t ress p r o t e c t i o n . There fo re c = 3 t o 4 can be t rea ted as a des ign 

va lue . 

in specia l cases as large mat t resses of t e m p o r a r y use and/or w h e n some d e f o r m a t i o n o f t h e 

subsoi l can be accep ted or the subsoi l is more res is tan t t o d e f o r m a t i o n ( i .e. c lay) the h igher 

values of ' c ' can be chosen (max. 6 ) . The research descr ibed in (De l f t Hydrau l i cs , 1 9 7 5 ; large 

ma t t resses on c i rcu lar is land) can be i l lus t ra t ion of such case. Us ing these h igh c-va lues t h e 

s t ruc tu re shou ld be con t ro l l ed on s l id ing , and in m o s t cases it w i l l requi re a special ancho r i ng o f 

ma t t resses . 

No te : sand- f i l led un i t s appl icable t i l l H3 < = 1.5 m. 
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* Geotubes and Geocontainers 

Del f t H y d r a u l i c s / N i c o l o n , 1 9 9 4 , H 2 0 2 9 ) . The tes ted s t ruc tu res cons is ted of t h ree layers of 

e l emen ts . The b o t t o m layer con ta ined f ou r ad jacent e l emen ts , t h e m idde l layer c o n t a i n e d th ree 

ad jacent e lemen ts and the t o p layer con ta ined t w o ad jacent e l emen ts . Th is s t r u c t u r e is re fe r red 

to as the 4 - 3 - 2 s t r u c t u r e . The appl ied w a v e s p e c t r u m w a s of t he P i e r s o n - M o s c o w i t z t y p e . The 

s ign i f i can t w a v e he igh t w a s increased in s teps unt i l t he s t ruc tu re co l lapsed or unt i l t h e h ighes t 

ob ta inab le s i gn i f i can t w a v e he ight had been reached . 

Results 

Element W a t e r level S ign i f i can t w a v e he ight Remarks 

over c res t per iode at ins tab i l i t y 

Geo tube 0 . 0 m 1.7 m / 5 .7 s 1 .05 minor m o t i o n s 

(D = 2 . 1 5 m) 2 .5 m / 7 .1 s 1.55 0 . 4 m d i s p l a c e m e n t 

3.1 m / 9 . 0 s 1 .92 no fu r t he r d i sp l acemen t 

Geo tube 3 .5 m 4 . 2 m / 9 .1 s 2 . 6 0 rap id ly co l lapsed 

Geocon ta ine r 3 .5 m 3 .3 m / 7 .3 s 1 .76 m inor m o t i o n s 

(D = 3 . 7 5 m) 4 . 2 m / 9 . 0 s 2 . 2 4 0 . 4 m d i s p l a c e m e n t 

No te : Equ iva len t t h i c kness is assumed as equal t o 0 . 7 5 D for geo tubes and 0 .5 D fo r g e o c o n t a i 

ners , and t h e re lat ive dens i t y A = 1 ; assuming fu r the r t h e equ iva len t s lope as equa l t o 1 o n 1 , 

t h e sur f -s im i la r i t y pa ramete r (breaker index) w i l l be abou t f = 5 .5 (surg ing breaker ) . These 

i n f o r m a t i o n s can be o f use fo r compar i son w i t h t h e s tab i l i t y of o ther s y s t e m s . 

* General stability criteria for geotubes filled with sand or mortar 

Based on smal l sca le inves t iga t ions by De l f t Hydrau l ics ( B reakwa te r of conc re te f i l led hoses , M 

1 0 8 5 , 1 9 7 3 ) and o the r l i terature i n f o r m a t i o n s , t h e f o l l o w i n g s tab i l i t y cr i ter ia f o r g e o t u b e s can 

be f o r m u l a t e d : 

- t ubes on t h e c res t (at S . W . L . or submerged ) ly ing paral le ly t o t h e axis of b reakwa te r 

H3 /A B = 1 

w h e r e B is t h e w i d t h (hor izonta l ova l i t y measure) o f a t u b e ; one m a y rough ly assume B = 1.1 D 

(or iginal d iamete r o f a t u b e ) . 

No te : w h e n t h e c res t layer is c o m p o s e d o f t w o tubes connec ted ar t i f ic ia l ly t o each o ther ( i .e. re-

bars) t h e equ i va len t w i d t h is equal t o 2B. 

- w h e n t h e t u b e is p laced perpend icu la r ly t o t h e axis of a b reakwa te r the s tab i l i t y can be 

a p p r o x i m a t e d by 

H3 /A L = 1 

w h e r e L is t h e l eng th of a t u b e . 

Note: sand- f i l led un i t s appl icab le t i l l H3 = 1.5 m (max . 2 m) 

Due to t h e absence of r e i n fo r cemen t in t h e mor ta r f i l led un i ts i t is very l ikely t h a t fo r long t ubes 

(say longer t h a n 3D) also cracks w i l l o ccu r ; s o m e re in fo rcemen t shou ld be r e c o m m e n d e d or an 

equ iva len t l eng th shou ld be taken equal t o L < (3 to 4) D. 
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