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1 INTRODUCTION 

H o l l o w s e c t i o n s o f f e r many economical a p p l i c a t i o n p o s s i b i l i t i e s e.g. i n 
b u i l d i n g s , b r i d g e s , o f f s h o r e s t r u c t u r e s and cranes. I n t h e p a s t t e n y e a r s 
t h e i r use has been grown r a p i d l y . T h i s i n c r e a s e may even be l a r g e r i f i n 
f u t u r e r o b o t w e l d i n g i s used, s i n c e t h e h o l l o w s e c t i o n s have r e l a t i v e l y 
s m a l l t o l e r a n c e s and a s i m p l e geometry compared t o t h a t o f o t h e r s e c t i o n s . 
For an o p t i m a l d e s i g n o f s t r u c t u r e s l o a d e d i n f a t i g u e evidence i s r e q u i r e d 
r e g a r d i n g t h e 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 . E s p e c i a l l y i n h o l l o w s e c t i o n 
j o i n t s , t h e s t r e s s d i s t r i b u t i o n i s r a t h e r c o m p l i c a t e d r e s u l t i n g i n h i g h 
peak s t r e s s . These so c a l l e d "hot s p o t " o r geometry s t r e s s e s d e t e r m i n e t h e 
f a t i g u e b e h a v i o u r . 

For u n i p l a n a r j o i n t s c o n s i d e r a b l e r e s e a r c h has been c a r r i e d o u t . Since most 
s t r u c t u r e s a r e l o a d e d i n a m u l t i p l a n a r way, i n f o r m a t i o n about t h e m u l t i p l a ­
nar b e h a v i o u r i s u r g e n t l y r e q u i r e d . 
T h i s i s t h e reason f o r s e t t i n g up t h i s STW p r o j e c t which c o n c e n t r a t e s on a 
n u m e r i c a l m o d e l l i n g o f t h e p r o b l e m c o n s i d e r e d . 

2 EQUIPMENT AND SOFTWARE 

The n u m e r i c a l i n v e s t i g a t i o n s have been p e r f o r m e d u s i n g t h e f o l l o w i n g 
g e n e r a l purpose computer programs: 
P r e p r o c e s s o r : - P r e t u b e (SESAM package) 

- Ideas Supertap 
S o l v e r : - Ideas Model S o l u t i o n 

- Diana (TNO B u i l d i n g and C o n s t r u c t i o n Research) 
P o s t p r o c e s s o r : - Ideas Supertap 
The i n v e s t i g a t i o n s have been c a r r i e d o u t on a Sun Sparc s t a t i o n . 
D u r i n g t h e r e p o r t i n g p e r i o d no i n v e s t m e n t s have been done and no new 
s o f t w a r e has been i n s t a l l e d . 

3 RESULTS OBTAINED IN THIS PERIOD 

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

The main a c t i v i t i e s i n t h i s p e r i o d were: 
Parameter r e s e a r c h f o r t h e v a r i o u s i n f l u e n c i n g p a r a m eters. 
W r i t i n g two papers f o r t h e F i f t h I n t e r n a t i o n a l Symposium on T u b u l a r 
S t r u c t u r e s h e l d i n Nottingham, UK. One f o r RHS and one f o r CHS 
j o i n t s . 
P r e s e n t a t i o n o f one paper f o r RHS and one paper f o r CHS a t t h e 
ISOPE93 I n Singapore. 
W r i t i n g o f t h e s i s c h a p t e r s . 

3 ^ Parameter r e s e a r c h f o r t h e v a r i o u s i n f l u e n c i n g parameters f a c t o r s 

I n t h i s p e r i o d , a n u m e r i c a l i n v e s t i g a t i o n by means o f a p a r a m e t r i c s t u d y 
have been c a r r i e d o u t . 
For t h e a n a l y s e s , s o l i d elements a r e used o n l y , and t h e weld shape i s 
i n c l u d e d i n t h e FE models. The r e s u l t s w i l l be g i v e n i n a databank, f r o m 
w h i c h f o r a c e r t a i n l o a d c o m b i n a t i o n , t h e maximum h o t spot s t r e s s / s t r a i n 
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can be f o u n d . S e v e r a l u n i p l a n a r as w e l l as m u l t i p l a n a r j o i n t s have been 
c o n s i d e r e d . See t a b l e 1. SCFs and SNCFs a r e d e t e r m i n e d f o r 20 p o s i t i o n s i n 
case o f RHS and 16 p o s i t i o n s i n case o f CHS j o i n t s . 

Table 1: Number and t y p e s o f j o i n t s a n a l y s e d d u r i n g parameter s t u d y . 

Parameter Study : (Number o f Ana l y s e d j o i n t s ) 

J o i n t Type Y K YY KY KK T X XX 

RHS 47 47 47 47 47 - - — 

CHS « 800 

As an example, f i g u r e s 1 and 2 show FE r e s u l t s i n case o f a RHS 
m u l t i p l a n a r K K - j o i n t and f i g u r e 3 and 4 shows FE r e s u l t s i n case o f a CHS 
u n i p l a n a r X - j o i n t . 

3 • 3 W r i t i n g t h e s i s r e p o r t 

Some c h a p t e r s o f b o t h PhD t h e s i s e s have been p r e p a r e d and a r e b e i n g 
r e v i e w e d . Both t h e s i s e s a r e expe c t e d t o be ready b e f o r e t h e end o f 1993. 
Appendix 1 shows t h e proposed l a y o u t o f t h e f i n a l t h e s i s . 
Theses t h e s i s e s s h a l l c o n t a i n recommendat i o n on f a t i g u e b e h a v i o u r o f 
u n i p l a n a r as w e l l as m u l t i p l a n a r j o i n t s . 

4 BUDGET INFORMATION 

E x p e n d i t u r e f o r t h i s p e r i o d : 

1. I n v e s t m e n t s 

2. O p e r a t i n g c o s t s 

3. T r a v e l l i n g c o s t s . 

Statement o f E x p e n d i t u r e as a t 31 June 1993 
Items o f 

E x p e n d i t u r e 
O r i g i n a l 
Budget 

Saldo as 
on 

01/01/93 

Expences 
fr o m 

01/01/93 
t o 

31/06/93 

Saldo as 
on 

01/06/93 

E s t i m a t e d 
Expences 

f r o m 
01/07/93 

t o 
31/12/93 

I n v e s t m e n t s 
O p e r a t i o n c o s t s 
T r a v e l i n g c o s t s 

107500.00 
103000.00 
35000.00 

0.000 
0.00 

23500.00 

0.00 
0.00 
0.00 

0.00 
0.00 

23500.00 

0.00 
0.00 

20000.00 

T o t a l 245500.00 23500.00 0.00 23500.00 20000.00 
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5 PIANNING SCHEDULE 

J u l y - December 1993: 

P r e s e n t a t i o n o f one RHS and one CHS paper a t 5 t h I n t e r n a t i o n a l 
Symposium on T u b u l a r S t r u c t u r e s i n Nottingham, UK 
F i n i s h i n g f i n a l r e p o r t . 







F i g u r e 3 FE model u n i p l a n a r X - j o i n t (CHS) 

D a t a b a s e : X - J o i n t 





Appendix 1: Contents f o r PhD Thesis 



THE FATGUE BEHAVIOUR OF MULTIPLANAR JOINTS 
MADE OF SQUARE HOLLOW SECTION 

A b s t r a c t 

1- I n t r o d u c t i o n 
1-1- Tubular S e c t i o n s 
1-2- Aim of t h i s Research 

2- D e f i n i t i o n o f Parameters f o r M u l t i p l a n a r J o i n t s 
( E. Panjeh Shahi 1989) 

3- L i t e r a t u r e Study 
( E. Panjeh Shahi 1989) 

4- E x p e r i m e n t a l Work 
( A. Verheul e t . a l . P a r t I I ) 

4-1- General 
4-2- Test Rig 
4-3- Test Prodedure 
4-4- Measurements 
4-5- S t a r i n C o n c e n t r a t i o n F a c t o r s 
4-6- F a t i g u e L i f e 
4- 7- Repair 

5- Numerical Work 
(E. Panjeh Shahi, Romeijn p a r t IV) 

5- 1- General 
5-2- Hardware 
5-3- Software 
5-4- FE Modeling 
5-5- FE Mode1s o f E x p e r i m e n t a l J o i n t s 
5- 6- R e s u l t s o f SNCFs and SCFs 

6- Comparison o f E x p e r i m e n t a l and Numerical R e s u l t s 
(E. Panjeh Shahi, Romeijn p a r t IV) 
(E. Panjeh Shahi ISOPE93) 
(E. Panjeh Shahi ISTS93) 

6- 1- General 
6-2- Comparison o f T o t a l Nominal S t r a i n s 
6-3- Comparison o f A x i a l Nominal S t r a i n s 
6-4- I n f l u e n c e o f Secondary Bending Moments 
6-5- Comparison o f SNCFs 
6- 6- R e l a t i o n betv/een SCF and SNCF 

7- Parameter Study 
7- 1- General 
7-2- Y J o i n t s 
7-3- K J o i n t s 
7-4- YY J o i n t s 
7-5- X J o i n t s 
7-6- KY J o i n t s 
7- 7- KK J o i n t s 

8- D i s c u s s i o n s 
8- 1- General 
8-2- I n f l u e n c e o f In-Plane Angle 9 
8-3- I n f l u e n c e o f |3 
8-4- I n f l u e n c e o f 2y 
8-5- I n f l u e n c e o f T 
8-6- I n f l u e n c e o f Presence o f o t h e r Braces 
8-7- I n f l u e n c e o f Unloaded o f Loaded Braces 

9- Conclusions 
10- References 
1 1 - Appendices 


