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FATIGUE STRENGTH OF MULTIPLANAR WELDED HOLLOff SECTION JOINTS AND 

REINFORCEMENT MEASURES FOR REPAIR 

1.0 GENERAL INTRODUCTION 

Th i s programme dea l s w i t h the f a t i g u e s t r e n g t h of m u l t i p l a n a r welded 

hollow s e c t i o n j o i n t s and relforcement measures f o r r e p a i r . 

The Dutch p a r t c o n s i s t s of the t e s t i n g of 4 t r i a n g u l a r g i r d e r s made of 

c i r c u l a r hollow s e c t i o n s (CHS) and 4 t r i a n g u l a r g i r d e r s made of r e c t a n g u l a r 

hollow s e c t i o n s (RHS). A l l these g i r d e r s are provided w i t h s t r a i n gauges to 

determine the loa d i n g d i s t r i b u t i o n and the hot spot s t r e s s e s f o r 

v e r i f i c a t i o n w i t h nxamerical models. The f a t i g u e t e s t s are used to determine 

the f a t i g u e l i f e s and to check the r e s u l t s w i t h those obtained f o r u n i p l a n a r 

j o i n t s . A f t e r the appearance of c e r t a i n c r a c k l e n g t h the c r a c k s are r e p a i r e d 

and f a t i g u e t e s t i n g i s continued to check the e f f e c t i v i t y of the v a r i o u s 

r e p a i r methods. 

The f i n a l o b j e c t i v e i s to define design r u l e s i n r e l a t i o n to those f o r 

un i p l a n a r j o i n t s . 

T h i s r e p o r t d e s c r i b e s the work c a r r i e d out a t D e l f t U n i v e r s i t y of Technology 

and IBBC-TNO i n the p e r i o d 01-07-1989 and 31-12-1989. 

Up to the end of 1989 f a b r i c a t i o n of the g i r d e r s was f i n i s h e d and a s t a r t 

was made wi t h the t e s t i n g one CHS and one RHS g i r d e r . Up t i l l now only 

p r e l i m i n a r y r e s u l t s can be given. 

Chapter 2 of t h i s i n t e r i m r e p o r t give a b r i e f survey of the Numerical 

i n v e s t i g a t i o n work c a r r i e d out at D e l f t U n i v e r s i t y . 

Chapter 3.1 g i v e s a b r i e f survey of the Experimental i n v e s t i g a t i o n of the 

m u l t i p l a n a r j o i n t s i n C.H.S c a r r i e d out a t IBBC-TNO. 

Chapter 3.2 g i v e s b r i e f survey of the Experimental i n v e s t i g a t i o n of the 

m u l t i p l a n a r j o i n t s i n R.H.S c a r r i e d out a t D e l f t U n i v e r s i t y of Technology. 
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2.0 NUMERICAL INVESTIGATION 

2.1 NUMERICAL MODELLING OF MULTIPLANAR GIRDERS 

I n the s t a t i c a n a l y s i s of m u l t i p l a n a r l a t t i c e g i r d e r s , secondary bending 

moments can be negle c t e d when determining the l o a d d i s t r i b u t i o n p a t t e r n s 

i n the g i r d e r , provided there i s s u f f i c e n t deformation c a p a c i t y . The 

numerical modelling can then be s i m p l i f i e d by assuming a l l members to be 

p i n ended. 

However, the i n f l u e n c e of bending moments, i n c l u d i n g secondary bending, 

become important f o r f a t i g u e a n a l y s i s . T h i s i s because a x i a l loads as 

w e l l as bending moments a f f e c t the hot-spot s t r e s s e s a t the j o i n t s . Any 

I n f l u e n c e , t h e r e f o r e , on the hot-spot s t r e s s range a f f e c t s f a t i g u e l i f e . 

A l l e i g h t g i r d e r s to be i n v e s t i g a t e d { f o u r i n CHS and four i n RHS) i n 

t h i s programme c o n t a i n l4 j o i n t s ( f i g u r e 2 .1 ) , of which 4 j o i n t s are 

being s t u d i e d f o r s t r e s s c o n c e n t r a t i o n f a c t o r s . 

I n order to get a r e a l i s t i c load d i s t r i b u t i o n , the complete g i r d e r could 

be modelled w i t h a combination of beam and s h e l l elements. 

T h i s would mean th a t the g i r d e r c o n t a i n s a l a r g e number of nodes and 

elements, so t h a t very l a r g e computer storage would be r e q u i r e d to 

a n a l y s e such a model. 

I t i s a n t i c i p a t e d t h a t f o r a reasonable accuracy i n the c a l c u l a t i o n of 

the s t i f n e s s p r o p e r t i e s of an i s o l a t e d m u l t i p l a n a r K K - j o i n t , about 1000 

elements are needed. 

T h i s means t h a t f o r the a n a l y s i s of one g i r d e r , t h e r e are a t o t a l of 

about l4000 elements needed, which r e q u i r e s extremely l a r g e computer 

storage c a p a c i t i e s and can become very expensive to a n a l y s e . 
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The simple s o l u t i o n to t h i s problem i s to model the whole g i r d e r with 

beam elements, with the p h y s i c a l p r o p e r t i e s of the elements a t the 

j o i n t s so modified t h a t behaviour of the g i r d e r modelled n u m e r i c a l l y i s 

the same as the g i r d e r being l o a d e d ( f i g u r e 2 .2 ) . 

The f i c t i o n s p h y s i c a l p r o p e r t i e s of the beam elements a t the j o i n t s can 

be determined from comparison with the behaviour of an i s o l a t e d j o i n t 

made of s h e l l elements under a p p l i e d load,using a f i n i t e element 

program. 

For a beam element: 

[ K ] * {0} ={P} where [K] = s t i f f n e s s matrix 

(As d e f i n e d i n f i g u r e 2.3) 

{6} = displacement v e c t o r 

{ ? } = load v e c t o r 

Using the a p p l i e d loads and corresponding d e f l e c t i o n s of the modelled 

j o i n t i n the above formula, the f i c t i o u s p h y s i c a l p r o p e r t i e s of each 

beam element can be o b t a i n e d ( f i g u r e 2 .4 ) . 

The c a l c u l a t e d p r o p e r t i e s are then used i n modelling the g i r d e r made of 

beam elements. 

The g i r d e r modelled with the modified p h y s i c a l p r o p e r t i e s can then be 

ana l y s e d to o b t a i n the loads and bending moments. 

These can be compared w i t h the r e s u l t s obtained from the experimental 

i n v e s t i g a t i o n on t e s t g i r d e r s . 

2.2 COMPUTER F A C I L I T I E S . 

I-DEAS i s used f o r pre- and post p r o c e s s i n g . 

Model S o l u t i o n of I-DEAS and DIANA are used f o r f i n i t e element a n a l y s i s . 

I-DEAS p r e - p r o c e s s i n g i s d i v i d e d i n t o two p a r t s namely: 

-Geomod; 

-Supertab. 
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I n Geomode s o l i d modeling of the j o i n t i s c a r r i e d out. F i g u r e s 2.5 and 

2.6 show some t y p i c a l s o l i d models prepared i n Geomode. 

Supertab takes s u r f a c e s of s o l i d models made i n Geomode and a l l o w s nodes 

and elements to be c r e a t e d on these s u r f a c e s . 

F i g u r e s 2.7 to 2.12 show some examples of the nodes and elements 

c r e a t e d . 

Once the model p r e p a r a t i o n i s complete, r e s t r a i n t s , c o n s t r a i n t s and 

l o a d s may be a p p l i e d to the F i n i t e Element model. 

The model can then be analysed u s i n g a f i n i t e element computer program. 

The p o s t - p r o c e s s i n g of I d e a s , permits i n t e r o g a t i o n of c a l c u l a t e d r e s u l t s 

i n the form of p r i n t out or v i s u a l p r e s e n t a t i o n . 

2.3 SCF CALCULATION. 

With the a i d of p r e - p r o c e s s i n g i n I-DEAS, the f i n i t e element model of a 

j o i n t i n c l u d i n g the weld geometry made of s o l i d elements w i l l be 

prepared. 

The measured f o r c e s a t pre-defined l o c a t i o n s i n the g i r d e r are then 

a p p l i e d to the i s o l a t e d j o i n t , to o b t a i n the r e s u l t i n g hot-spot s t r e s s e s 

and s t r a i n s a t the c r i t i c a l l o c a t i o n s . 

These are converted to s t r e s s c o n c e n t r a t i o n f a c t o r s and can be d i r e c t l y 

compared w i t h the experimental i n v e s t i g a t i o n s . 

I t i s expected t h a t the s i m u l a t i o n of t h i s p a r t w i l l be c a r r i e d out i n 

the second h a l f of 1990. 
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3.1 THE FATIGUE BEHAVIOUR OF MULTIPLANAR JOINTS IN C.H.S 

3.1.1 J o i n t s I n c i r c u l a r hollow s e c t i o n s 

For the experimental i n v e s t i g a t i o n 4 g i r d e r s have been f a b r i c a t e d . 

A review of the specimens w i t h t h e i r i d e n t i f i c a t i o n number i s given i n t a b l e 

3.1.1. The c o n f i g u r a t i o n and dimensions of these g i r d e r s are shown i n f i g u r e 

3.1.1. Each g i r d e r has two m u l t i p l a n a r gap j o i n t s and two m u l t i p l a n a r 

overlap j o i n t s to be i n v e s t i g a t e d , w i t h j o i n t parameters ;8= 0.4 and 0.6, 27= 

12 and 24 and a constant t h i c k n e s s r a t i o r= 0.5 . The m a t e r i a l q u a l i t y of 

the hollow s e c t i o n s used f o r the g i r d e r s i s Fe 360. 

G i r d e r 5 which i s being t e s t e d f i r s t i s f u l l y instrumented w i t h s t r a i n 

gauges i n two c r o s s s e c t i o n s of a l l the members. I n t h i s way the a x i a l 

s t r a i n s , and the bending s t r a i n s (bending i n plane and bending out of plane) 

can be measured a t a s t a t i c loading. 

Also, i s t r a i n s t r i p s have been a p p l i e d i n a number of crown- and saddle 

p o i n t s of the main j o i n t s to determine the s t r a i n d i s t r i b u t i o n i n these 

l o c a t i o n s . From t h i s the hot spot s t r a i n a t the weld toes can be determined 

by means of l i n e a r e x t r a p o l a t i o n , f i g u r e 3.1.2 shows a d e t a i l of an 

instrumented gap j o i n t . 

The measured dimensions and the m a t e r i a l p r o p e r t i e s (CT ,CT ,e) of the 

hollow s e c t i o n s used f o r g i r d e r 5 have a l s o been determined. 

The t e s t r i g f o r the g i r d e r s i n C.H.S. i s shown i n f i g u r e 3.1.3 and 3.1.4. 

For g i r d e r 5, the f i r s t measurements a t s t a t i c l o a d i n g have been c a r r i e d 

out. F a t i g u e t e s t i n g s t a r t s , a t the beginning of 1990. 

I t i s expected t h a t the t e s t s on g i r d e r 5, the a n a l y s i s of the r e s u l t s and 

the comparison w i t h the numerical work w i l l be f i n i s h e d i n the beginning of 

the second q u a r t e r of 1990. 

I n the mean time, g i r d e r 6 w i l l be instrumented w i t h s t r a i n gauges and can 

be t e s t e d d i r e c t l y a f t e r g i r d e r 5. 
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3.2 THE FATIGUE BEHAVIOUR OF MULTIPLANAR JOINTS IN R.H.S 

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

T h i s p a r t of the programme dea l s w i t h the experimental i n v e s t i g a t i o n 

of 4 specimens of m u l t i p l a n a r j o i n t s i n R.H.S 

A review of the specimens w i t h t h e i r i d e n t i f i c a t i o n number i s given i n t a b l e 

3.2.1. The c o n f i g u r a t i o n and dimensions of the specimens are given i n 

f i g u r e 2.1. Each g i r d e r has two m u l t i p l a n a r gap j o i n t s and two m u l t i p l a n a r 

overlap j o i n t s to be i n v e s t i g a t e d , w i t h j o i n t parameters fi= 0.4 and 0.6, 27= 

12.5 and 25 and a constant t h i c k n e s s r a t i o r= 0.5. 

Fig u r e 3.2.1 shows the t e s t r i g f o r the specimen ( m u l t i p l a n a r j o i n t s i n 

R.H.S). 

I n t h i s p e r i o d the experimental i n v e s t i g a t i o n of G i r d e r 2 has been s t a r t e d . 

3.2.2 Measured dimensions and mechanical p r o p e r t i e s 

The r e c t a n g u l a r hollow s e c t i o n s of g i r d e r 2 are hot f i n i s h e d w i t h 

s t e e l grade Fe 360 f o r the s e c t i o n 200*200*16 and Fe 430 f o r the s e c t i o n s 

80*80*8, according to Euronorm 25-72. 

The measured dimensions and a c t u a l mechanical p r o p e r t i e s are given i n 

t a b l e 3.2.2 whereas the j o i n t parameters are given i n t a b l e 3.2.3. 

The y i e l d s t r e s s e s f ^ of a l l segments were determined w i t h stub column 

t e s t s . The stub columns had lengths of 2.5 b. 

The u l t i m a t e s t r e s s and the permanent e l o n g a t i o n were determined w i t h 

t e n s i l e t e s t s (dp 5) and were c a r r i e d out i n accordance w i t h Euronorm 2-57. 

3.2.3 T e s t procedure 

Before f a t i g u e t e s t i n g specimen G i r d e r 2 was s t a t i c a l l y loaded. The 

s t a t i c load was i n c r e a s e d by s m a l l s t e p s up to the maximum loa d of the 

r e q u i r e d dynamic load range f o r f a t i g u e t e s t i n g . A f t e r t h i s l o a d i n g 

procedure the loa d was decreased i n steps to zero. During t h i s t e s t 

procedure s t r a i n gauge measurements were c a r r i e d out a f t e r each l o a d i n g 

s t e p . From these measurements the p o s s i b l e n o n - l i n e a r i t y between lo a d and 

s t r a i n caused due to the r e s i d u a l s t r e s s e s can be determined. A f t e r 10 
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c y c l e s the procedure was repeated. The s t r a i n measurements from the s t a t i c 

t e s t a f t e r 10 c y c l e s show a l i n e a r r e l a t i o n s h i p w i t h the l o a d i n g f o r a l l 

s t r a i n gauges. 

A f t e r the s t a t i c t e s t procedure the f a t i g u e t e s t was c a r r i e d out to 

determine the number of c y c l e s to c r a c k i n i t i a t i o n and complete f a i l u r e . 

A c o n s t a n t amplitude l o a d i n g w i t h a frequency of 1 Hz and R= 0.1 was 

a p p l i e d . During the t e s t the l o a d l e v e l was maintained by a l o a d i n g c o n t r o l 

u n i t , which was connected to the h y d r a u l i c system of the j a c k . 

3.2.4 S t r a i n d i s t r i b u t i o n . 

To determine the a x i a l l o a d and bending moments i n the members of 

G i r d e r 2 a l l the braces were provided w i t h s t r a i n gauges i n two c r o s s 

s e c t i o n s (see F i g . 3.2.2). I n the chords GA and CB, two c r o s s s e c t i o n were 

provided w i t h two s t r a i n gauges between each j o i n t . I n the chord CC each 

s e c t i o n between the j o i n t s , was provided w i t h four s t r a i n gauges i n two 

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

For determination of the s t r a i n d i s t r i b u t i o n i n the j o i n t s v a r i o u s c o r n e r s 

were provided w i t h s t r a i n s t r i p s on the chord as w e l l as on the brace as 

shown i n f i g u r e 3.2.3 to 3.2.6. 

3.2.5 T e s t r e s u l t s 

The f i r s t t e s t r e s u l t s of g i r d e r 2 are given i n t a b l e 3.2.4. 

The nominal s t r a i n ranges i n the b r a c e s are determined as f o l l o w s : 

e = € + e + e 

^nom ^ax ^IPB ^OPB 

The v a l u e s under c o n s i d e r a t i o n are e x t r a p o l a t e d according to f i g u r e 3.2.7. 

The r e s u l t s of the e x t r a p o l a t i o n of the nominal s t r a i n gauges are p r e s e n t e d 

g r a p h i c a l l y i n the f i g u r e s 3.2.8 and 3.2.9. 

I n these f i g u r e s the a x i a l load, IPB moments as w e l l as the OPB moments are 

expressed i n m i c r o s t r a i n . 

The € given i n t a b l e 3.2.4 has been determined by q u a d r a t i c e x t r a p o l a t i o n 

^hs 

as given i n f i g u r e 3.2.10 whereas the SNCF i s d e f i n e d as: 

SNCF= e / e 
r, ' r . 
hs nom 
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3.2.6 Modes of f a i l u r e 

Member brace A of gap j o i n t ABCD (see f i g . 3.2.11) f a i l e d i n the 

t e n s i o n chord a t 126.000 c y c l e s . 

The c r a c k i n i t i a t e d i n corner 4, l o c a t i o n A4-D of brace A a t the weld toe 

of the chord. The c r a c k developed along the weld toe p e r p e n d i c u l a r to the 

chord a x i s . 

At 90.000 c y c l e s the c r a c k had grown around corner 3 and a t 126.000 c y c l e s 

the c r a c k had grown through the w a l l of the chord. 

The c r a c k of brace A a f t e r f a i l u r e i s shown i n f i g u r e 3.2.12. 

The r e p a i r method and f u r t h e r f a i l u r e s w i l l be r e p o r t e d i n the next i n t e r i m 

r e p o r t . 

3.2.7 S^- N diagram. 

For comparison w i t h previous i n v e s t i g a t i o n s [ 1 ] , the f a t i g u e r e s u l t of 

G i r d e r 2 (member A) has been p l o t t e d i n the S^- N diagram presented i n 

f i g u r e 3.2.12. 

I n the diagram i t i s shown t h a t the f a t i g u e r e s u l t of member A f i t w e l l w i t h 

the r e s u l t s of the previous t e s t with comparable t h i c k n e s s e s . 

The r e s u l t s of the other j o i n t s of t h i s g i r d e r w i l l be r e p o r t e d i n the next 

i n t e r i m r e p o r t . 
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G i r d e r 

Nominal dimensions 

27 T Weld R-Ratio 

G i r d e r Chord 

do *to 

Brace 

dl * t , 

27 T Weld R-Ratio 

5 193.7*8 76.1*4 0.4 24 0.5 f i l l e t + 0.1 

6 193.7*16 76.1*8 12 b u t t 

7 193.7*8 114.3*4 0.6 24 f i l l e t 

8 193.7*16 114.3*8 12 b u t t 

Table 3.1.1 : Review of the specimens i n C.H.S. 

G i r d e r 

Nominal dimensions 

27 T Weld R-Ratio 

G i r d e r Chord 
b„ *h« *t« 

Brace 

b l * h i * t i 

27 T Weld R-Ratio 

1 200*200*8 80*80*4 0.4 25 0.5 f i l l e t + 0.1 

2 200*200*16 80*80*8 12.5 b u t t 

3 200*200*8 120*120*4 0.6 25 f i l l e t 

4 200*200*16 120*120*8 12.5 b u t t 

Table 3.2.1 : Review of the specimens i n R.H.S. 



T a b l e 3.2.2 Measured d i m e n s i o n s and m e c h a n i c a l p r o p e r t i e s o f g i r d e r 2 (RHS) 

member l o c a t i o n d i m e n s i o n s A f * ' f 
AA) 

comments 

( a c t u a l ) ( a c t u a l ) F y u 

bo*ho*to to 
4 0 

mm men tran N/ran^ N/nin^ % 

CA compr. c h o r d 200.7*200.7*15.8 11398 17.9 19.5 236 377 40 

CB compr. cho r d 200.5*200.5*15.9 11398 18.2 19.6 243 399 36 

CC t e n s i o n c h o r d 200.2*200.2*15.5 11362 17.8 18.7 242 383 35 

b i * h i * t i t l 
3 0 

A t e n s i o n b r a c e 79.7*79.7*7.6 2104 8.6 10.4 285 433 36 

B t e n s i o n b r a c e 79.7*79.7*7.6 2101 8.7 10.4 290 432 35 

C compr. b r a c e 79.7*79.7*7.6 2101 8.7 10.4 290 432 35 

D compr. b r a c e 79.7*79.7*7.6 2101 8.7 10.4 290 432 35 

E t e n s i o n b r a c e 79.7*79.7*7.6 2104 8.6 10.4 285 433 36 

F t e n s i o n b r a c e 79.7*79.7*7.6 2101 8.7 10.4 290 432 35 

G compr. b r a c e 79.7*79.7*7.6 2104 8.6 10.4 285 433 36 

H compr. b r a c e 79.7*79.7*7.6 2101 8.7 10.4 290 432 35 

I compr. b r a c e 79.7*79.7*7.6 2104 8.6 10.4 285 433 36 

J compr. b r a c e 79.7*79.7*7.6 2104 8.6 10.4 285 433 36 

K t e n s i o n b r a c e 79.7*79.7*7.6 2101 8.7 10.4 290 432 35 

L t e n s i o n b r a c e 79.7*79.7*7.6 2104 8.6 10.4 285 433 36 

M compr. b r a c e 79.7*79.7*7.6 2104 8.6 10.4 285 433 36 

N compr. b r a c e 79.7*79.7*7.6 2104 8.6 10.4 285 433 36 

0 t e n s i o n b r a c e 79.7*79.7*7.6 2101 8.7 10.4 290 432 35 

P t e n s i o n b r a c e 79.7*79.7*7.6 2101 8.7 10.4 290 432 35 

) s t u b column t e s t s 

AA 
) T e n s i l e coupon t e s t s 



Table 3.2.3 J o i n t parameters of g i r d e r 2 (RHS) (average v a l u e ) 

j o i n t 

b i + b 2 

27 

bo 

T 

t i + t 2 

^ 2 g 
1 

g lap 

0 
V 

% 

ecc 

e 

j o i n t 

2bo to 2to 

^ 2 g 
1 

g lap 

0 
V 

% 

ecc 

e 

A,C-CC 0.398 12.9 0.49 45.5 45 78 68 -4 

B,D-CC 0.398 12.9 0.49 45 45 87 83 0 

E,G-CG 0.398 12.9 0.49 45 45 87 83 0 

F,H-CC 0.398 12.9 0.49 45 45 87 80 0 

I,K-CC 0.398 12.9 0.49 45 45 100 -100 

J,L-CC 0.398 12.9 0.49 45.5 45 100 -100 

M,0-CC 0.398 12.9 0.49 45 45 100 -100 

N,P-CC 0.398 12.9 0.49 45.5 45 100 -100 
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ft 
* F a t i g u e s t r e n g t h o f m u l t i p l a n a r welded s q u a r e h o l l o w * 

s e c t i o n j o i n t s and r e i n f o r c e m e n t measures f o r r e p a i r * 

" " G i r d e r 2" " 

HSSNR and SNCF ba s e d on c r a c k l o c a t i o n ( q u a d r a t i c a l l y e x t r a p o l a t e d ) 

Member Chord B r a c e R Load 

range 

S 
r 
nom 

e 
r . 
nom 

e 

•^hs 

v.10-^ 

SNCF l o c a t i o n Ni Nf Mode 

of 

f a i l u r e 

KN 
2 

N/mm 10-^ chord b r a c e c h o r d b r a c e c h o r d b r a c e "10^ 
6 

*10 

A 

B 

200*200 

t=16 

80"80 

t=8 

0.1 500 136 

136 

549 

649 

1265 

1158 

1285 

895 

1.95 

1.80 

1.98 

1.38 

A4-D 

B4-D 

A4-E 

B4-E 

0.055 

0.055 

0.126 CHORD 

C -120 -572 -801 -1155 1.40 2.02 C l - B C l - A - -

D -120 -572 - - - - - - - -

E 115 550 1276 918 2.32 1.67 E4-D E3 - F 0.064 -

F 115 550 1275 918 2.23 1.67 )1 )1 0.064 -

G -139 -662 -1059 -1125 1.60 1.70 Gl- B G l - E - -

H -139 -662 - -1515 1.56 2.29 Hl-B H l - E - -

I 0,1 500 -167 -795 -397 -1002 -0.50 1.25 I3-D I 4 - E - -

J -167 -795 -365 - -0.46 - J3-D - - -

K 88 421 853 619 2.05 1.47 K4-D K2-A - -

L 88 421 836 580 2.05 1.38 L4-D L2-A - -

M -165 -784 - - - - - - -

H -165 -784 - - - - - - -

0 177 844 1224 1510 1.45 1.79 04-D 01-A 0.055 

P 177 844 1317 — 1.56 - P4-D - 0.055 

Ni= c r a c k i n i t i a t i o n 

Nf= end o f t e s t ( c r a c k t h r o u g h ) 

e = e +e +e 
r r r . , r ^ 
nom ax ipb opb 

V no s t r a i n gauges a v a i l a b l e SNCF's used from b r a c e E, 

T a b l e 3.2.4 : T e s t r e s u l t s w i t h q u a d r a t i c a l l y e x t r a p o l a t e d HSSNR and 

SNCF , based on c r a c k l o c a t i o n 
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e n d - p l a t e s 

-X- 4 -

m a i n g a p j o i n t s m a i n o v e r l a p j o i n t s 

g i r d e r c h o r d b r a c e s \yL] 

1 2 0 0 X - 2 Ö 0 X 8 8 0 X 8 O X 4 

2 2 0 0 X 2 0 0 X 1 6 8 0 X 8 0 X 8 

3 2 0 0 X 2 0 0 X 8 120 X 120X4 

4 Z'OOX 2 0 0 1 C 1 6 1 2 0 X 1 2 0 X 8 

4if 2 0 0 x 2 0 0 x 8 

jz»200x200x16 . 

4010 3 3 4 6 

2000 
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1 0 0 0 

V I E W I - I G I R D E R S 1 AND 2 

4O10 

^^200>200X8 

^ 2 0 0 x 2 0 0 x 1 6 

lOOO 

V I E W l - I G I R D E R S 3 A N D 4 

F i g u r e 2.1 C o n f i g u r a t i o n and Dimensions of the G i r d e r s i n R.H.S. 

for and plate d e t a i l s s e e f i g u r e l a 

sizes in mm 



F i g u r e 2.2 A l t e r n a t i v e c a l c u l a t i o n models. 

1. P i n ended elements 
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F i g u r e 2.3 S t i f n e s s matrix of a 3D beam i n c l u d i n g f o r c e s , s h e a r s and moments. 



F i g u r e 2.11 P r e s p e c t i v e view of a g i r d e r made of beam elements. 



F i g u r e 2.12 P l a n view of a g i r d e r made of beam elements. 

Y_J< 
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strain gauges for 
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lateral supports 

jack + 
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lateral support 

igure 3.1-3 T E S T R I G FOR GIRDERS IN C.H.S. 



I figure 3.1-4 



F i g . 3.2.1 : T e s t r i g f o r m u l t i p l a n a r t e s t specimen i n R.H.S. 



F i g . 3.2.2 : L o c a t i o n s of the s t r a i n gauges f o r determination of 

the bending moments and a x i a l s t r e s s e s ( g i r d e r 2) 



F i g . 3.2.3 : P o s i t i o n of the s t r a i n gauges of the j o i n t s w i t h gap 
• ( g i r d e r 2) 



F i g . 3.2.4 : P o s i t i o n of the s t r a i n gauges of the overlapped j o i n t s 

( g i r d e r 2) 



Girder 2 
c h o r d 

2 0 0 * 2 0 0 * 1 6 

b r a c e 

8 0 * 8 0 * 8 

F i g . 3.2.5 : Numbering of l o c a t i o n s of the j o i n t s w i t h gap ( g i r d e r 2) 



F i g . 3.2.6 : Numbering of l o c a t i o n s of the overlapped j o i n t s ( g i r d e r 2) 



Fig. 3.2.7 : Determination of the bending strain at the 

intersection between brace and chord 



F i g . 3.2.8 : Nominal s t r a i n d i s t r i b u t i o n due to a x i a l loading and bending 
moments i n G i r d e r 2 ( s i d e CA-CC) 



F i g . 3.2.9 : Nominal s t ra in d is t r ibut ion due to axial loading and bending 
moments in Girder 2 (side CB-CC) 



QUADRATIC EXTRAPOLATION 

but not smaller than 4 mm 

F i g . 3.2.10 : Method of quadratic extrapolation 



F i g . 3.2.11 : G i r d e r 2, l o c a t i o n o f t h e members and numbering o f t h e c o r n e r s 



F i g . 3-2.12 : T y p i c a l c r a c k shape o f an o v e r l a p j o i n t , h r a c e A o f G-irder 2 



F i g . 3.2.13 ; Comparison of the f a t i g u e r e s u l t s w i t h the f a t i g u e data 

d e r i v e d from previous t e s t s . 


