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ABSTRACT 

DETERMINATIUN UF ULTIMATE STRENGTH OF M U D S  SUbJECTED 

T O  COMtlI lUED SHEAR AND PIOMENT LOADING 

P a t r i c i a  A. D i l l o n  

Master of S c i e n c e  i n  E n g i n e e r i n g  

Youngs town  S t a t e  U n i v e r s i t y ,  1984 

T h e  o b j e c t i v e  of t h i s  t h e s i s  was  t o  o b t a i n  t h e  

u l t i m a t  e l o a d  of  e c c e n t r i c a l l y  l o a d e d  welded c o n n e c t i o n s  

u t i l i z i n g  comput  er t e c h n i q u e s .  T h e s e  c o m p u t e r  p r o g r a m s  

were t h e n  u s e d  t o  g e n e r a t e  d e s i g n  c h a r t s  o f  weld g r o u p s  

f o r  v a r i o u s  e c c e n t r i c i t i e s  a n d  weld g e o m e t r i e s  s i m i l a r  
(1) * 

t o  t h o s e  i n  t h e  8 t h  E d i t i o n  Manua l  o f  S t e e l  C o n s t r u c t i o n  

o f  t h e  A m e r i c a n  I n s t i t u t e  o f  S t  e e l  C o n s t r u c t i o n ,  
- - 

T h e s e  new d e s i g n  c h a r t s  a r e  f o r  weld g r o u p s  f r e e  t o  

d e f o r m  when s u b j e c t e d  t o  a r o t a t i o n a l  d e f o r m a t i o n  i n  
- 

t h e  t e n s i o n  z o n e  a n d  d i rect  b e a r i n g  of  t h e  c o n n e c t e d  

p l a t e s  i n  t h e  c o m p r e s s i o n  z o n e ,  i. e., c o m b i n e d  s h e a r  

a n d  moment, T h e  c h a r t s  c u r r e n t l y  a v a i l a b l e  i n  t h e  
(1) 

8 t h  E d i t i o n  m a n u a l  o f  S t e e l  C o n s t r u c t i o n  of  t h e  -- 

A m e r i c a n  I n s t i t u t e  of  S t e e l  C o n s t r u c t i o n  a r e  f o r  weld 

g r o u p s  f r e e  t o  deform t h r o u g h o u t  i t s  l e n g t h ,  i, e m ,  

c o m b i n e d  t o r s i o n  a n d  d i r ec t  s h e a r ,  

T h i s  s t u d y  was a c c o m p l i s h e d ,  i n  p a r t ,  by u s i n g  

a n  u l t i m a t e  s t r e n g t h  a p p r o a c h  a s  wel l  a s  t w o  e x i s t i n g  - - 

*Number i n  p a r e n t h e s i s  i n d i c a t e s  r e f e r e n c e  c i t ed ,  



computer programs, one by J. L. Dawe and G, L. Kulak  
(2) 

of t h e  U n i v e r s i t y  o f  A l b e r t a ,  Edmonton, A l b e r t a  a n d  t h e  
( 3 )  . - 

o t h e r  by G, Dona ld  Brandt  of C i t y  U n i v e r s i t y  of 

New York,  New York, Tes t  r e s u l t s  from t h e  A l b e r t a  

s tudy  were used t o  v e r i f y  computer r e s u l t s ,  



ACKNOWLEDGEMENTS 

S p e c i a l  t h a n k s  t o  Dr. J a c k  D. Bakos  f o r  h i s  

h e l p  a n d  a d v i s e m e n t  i n  w r i t i n g  t h i s  t h e s i s ,  a n d  t o  

Dr. G e o r g e  S u t t o n  f o r  a c t i n g  a s  t h e  c h a i r m a n  o f  t h e  

e x a m i n i n g  c o m m i t t e e .  T h a n k s  a r e  a l s o  d u e  t o  o t h e r  

c o m m i t t e e  members ,  D r s .  R e  M i r t h  a n d  J. Alam. And 

t h a n k s  t o  my s i s t e r  Mary B e t h  T a b a k  f o r  t y p i n g  it. 



TABLE OF CONTENTS 

PAGE 

ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . .  i v  

TABLE OF CONTENTS v 

LIST OF S Y ~ B D L S  . . . e e . o o o e m o o e e . o  v i i  

L ISTOFFIGURES v i f i  

C H APT ER 

I. INTRODUCTION 1 

Review of P r e v i o u s  Research . . . . . .  1 

U l t i m a t e s t r e n g t h  M e t h o d .  . . . . . . 3 

S o l u t i o n  of t h e  S t a t i c s  E q u a t i o n s  f o r  t h e  
C o r r e c t  N e u t r a l  A x i s  a n d  I n s t a n t a n e o u s  - 
C e n t e r o f  R o t a t i o n . .  . . . . . . . .  19 

Regula F a l s i  I t e r a t i v e  Techn ique . . . .  20 

111. DISCUSSIONS AND CONCLUSIONS 23 

Comput e r- Obta ined  U l t i m a t e  Load  vs. -- 
T e s t  R e s u l t s  . . . . . 023 

Computer- Obta ined U l t i r n a t  e Load  vs. 
C u r r e n t  A l l o w a b l e  E l a s t i c  Load . . . . .23 

D i s c u s s i o n  of C o n s t r a i n t s  on  E q u a t i o n s  
2 . 1 a n d 2 . 8 . .  . . . . . . . . . . . .  .25 

F u r t h e r  S t u d y .  . . . . . . . . . . . . .  25 

C o n c l u s i o n  . . . . . . . . . . . . . . .  26 



PAGE 

APPENDIX A m  C o r n p u t e r  P r o g r a m  D e s c r i p t i o n  35 

APPENDIX B. D e s i g n  C h a r t  D a t a i l s  . . . . . . . 49 

BIBLIOGRAPHY 53 



LIST OF SYMBOLS 

SYMBOL 

n 
DEFINITION UNITS OR REFERENCE 

De fo rma t ion  i n c h e s  

Load a t  any g i v e n  d e f o r m a t i o n  k i p s  

U l t i m a t e  l o a d  

Base of n a t u r a l  l o g a r i t h m s  

k i p s  

E x p e r i m e n t a l l y  d e t e r m i n e d  
r e g r e s s i o n  c o e f f i c i e n t s  

Angle between r e s i s t i n g  f o r c e  degrees 
o f  w e l d  element a n d  w e l d  a x i s  

Y i e l d  s t r e s s  k i p s / i n 2  

Th ickness  of f l a n g e  i n c h e s  

Th ickness  of web i n c h e s  

Wid th  of f l a n g e  i n c h e s  

Leng th  of compress ion  zone 

U l t i m a t e  l o a d  

i n c h e s  
- - 

k i p s  

E c c e n t r i c i t y  

I n s t a n t a n e o u s  c e n t e r  

i n c h e s  
- 

i n c h e s  

Compression f o r c e s  of f l a n g e  
a n d  w e l d  

k i p s  

Shear f o r c e  k i p s  
-. 

Leng th  of web w e l d  
- - 

i n c h e s  

D i s t a n c e  f rom n e u t r a l  a x i s  t o  i n c h e s  
c e n t r o i d  of w e l d  element 

Summation of v e r t i c a l  r e s i s t i n g  k i p s  
f o r c e s  

Summation o f  h o r i z o n t a l  r e s i s t i n g  k i p s  
f o r c e s  

D i s t a n c e  between two h o r i z o n t a l  i n c h e s  
f l a n g e  we lds  

r Rad ius  v e c t o r  i n c h e s  



LIST OF FIGURES 

FIGUilE PAGE 

1.1 Typical  e c c e n t r i c a l l y  loaded connect i ons  . 2 

1.2 Load-deformation response of b o l t s  . . . . 5 

1 3 Load us. deformation of welds f o r  var ious  0 7 

1.4 Eccen t r i ca l ly  loaded f i l l e t  w e l d .  . . . . . 9 

2.1 T-shaped ureld diagram . . . . . . . 16 

2.2 I-shaped weld diagram • . . . . . . 1 7  

2.3 TUJO h o r i z o n t a l  welds diagram . . . . . . . 1 8  

2 05 Regula F a l s i  Method . . . . . . . . . . . 2 1  

A.1 Computer Output . . . 37 



TABLE 

3.1 Computer Hesults  

L I S T  OF TABLES 

. Des ignTable s  
3.2 I - Shaped Welds 
3.3 T - Shaped Welds 
3.4 Two Horizontal Welds 
3.5 Box - Shaped Welds 

PAG E 



CHAPTER I 

INTRODUCTION 

General 

A we ld  group i s  loaded  e c c e n t r i c a l l y  when t h e  

l i n e  of a c t i o n  of t h e  a p p l i e d  l o a d  does no t  pass 

t h rough  t h e  c e n t r o i d  of a we ld  group. I n  some cases 

t h e  we ld  i s  s u b j e c t e d  t o  t o r s i o n  and d i r e c t  shear and i s  

f r e e  t o  deform throughout  i t s  length .  A t y p i c a l  example 

i s  a b racke t  connect ion,  see F i g u r e  1. 1. a, b. I n  

o t h e r  cases, t h e  we ld  i s  s u b j e c t e d  t o  combined shear 

and moment, and i s  no t  f r e e  t o  deform throughout  i t s  

length .  I n  a d d i t i o n ,  t h e  n e u t r a l  a x i s  may no t  be l o c a t e d  
- - 

a t  midlength.  A t y p i c a l  example i s  a beam-to-column 

connect ion,  see F i g u r e  1. 1, c. 
- 

The l a t t e r  t y p e  o f  we ld  group, where t h e  we ld  

group i s  s u b j e c t e d  t o  combined moment and shear, i s  t h e  

s u b j e c t  o f  t h i s  t hes i s .  Computer programs were w r i t t e n  

t o  o b t a i n  t h e  u l t i m a t e  l o a d  us ing  t h e  " u l t i m a t e  str-ength . 

method" desc r i bed  as f o l l ows .  

Review o f  Prev ious Hesearch 

I n  1972, J. L. Dawe and G. L. Kulak 
(2)  

conducted 

a s tudy  i n  which t hey  wro te  a computer program t o  o b t a i n  - = 

t h e  u l t i m a t e  l o a d  us ing  t h e  u l t i m a t e  s t r e n g t h  method, 



a. BRACKET CONNECTION b. BRACKET CONNECTION 

c. BEAM-TO-COLUMN CONNECTION - 

- -- 

F i g u r e  1.1 Typical e c c e n t r i c a l l y  loaded connections 



of  two  v e r t i c a l  we lds  s u b j e c t e d  t o  combined shear  a n d  

moment, They deve loped  e q u a t i o n s  f o r  T- shaped welds,  

a n d  d i s c u s s e d  I- shaped welds, They v e r i f i e d  t h e i r  

computer  r e s u l t s  by p h y s i c a l  t e s t i n g ,  
( 3 )  

G, Dona ld  Brandt ,  i n  1982, w r o t e  a  computer  

program t o  o b t a i n  t h e  u l t i m a t e  l o a d  a n d  d e s i g n  l o a d  f o r  

any w e l d  geometry  s u b j e c t e d  t o  t o r s i o n  a n d  d i r e c t  shear, 

The u l t i m a t e  l o a d  was o b t a i n e d  by t h e  u l t i m a t e  s t r e n g t h  
( 4 )  

method, a n d  t h e  d e s i g n  l o a d  by a p p l y i n g  T i d e ' s  

m o d i f i c a t i o n  t o  t h e  u l t i m a t e  load.  

An e x a m i n a t i o n  of t h e  a v a i l a b l e  l i t e r a t u r e  t o  

d a t e  r e v e a l s  t h a t  l i t t l e  has been accomp l i shed  t o  o b t a i n  

t h e  u l t i m a t e  l oad ,  u s i n g  t h e  u l t i m a t e  s t r e n g t h  method, 

of welds, under combined moment a n d  shear  f o r  o t h e r  t h a n  

two  v e r t i c a l  l i n e s ,  T h i s  t h e s i s  w i l l  be t h e  f i r s t  t o  

w r i t e  computer programs t o  o b t a i n  t h e  u l t i m a t e  l o a d ,  

u s i n g  t h e  u l t i m a t e  s t r e n g t h  method f o r  T-shaped, I- shaped, 

box- shaped a n d  two h o r i z o n t a l  we lds  s u b j e c t e d  t o  combined 

shear  a n d  moment, The comput e r - o b t a i n e d  u l t i m a t e  l o a d  

must t h e n  be c o n v e r t e d  t o  d e s i g n  l o a d s  by a p p l y i n g  
(4 ) 

T i d e ' s  mod-if i c a t  ion,  - - 

U l t i m a t e  S t r e n s t h  Method 

O r i g i n a l l y ,  t h e  u l t i m a t e  s t r e n g t h  method was 
( 5 )  - 

d e v e l o p e d  by G, L. Ku lak  a n d  S. F. C rawfo rd  i n  1971  

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

l o a d e d  b o l t e d  connect ions .  T h i s  method i s  based on a n  



expe r imen ta l l y  determined r e l a t i o n s h i p  between t h e  

u l t i m a t e  de fo rmat ion  of t h e  f as tene rs  (Ault) and t h e  

u l t i m a t e  l o a d  ( R ~ ~ ~  ) of t h e  fasteners.  The load- deformat ion 

response o f  a  b o l t  i s  expressed as; 

Where R = b o l t  l o a d  a t  any g i v e n  deformat ion,  R u l t  = u l t i -  

mate l o a d  o b t a i n a b l e  by fas tener ,  h = deformat ion of 

f as tene r ,  e  = base of n a t u r a l  l o g a r i t h m s  a n d r  , h = 

expe r imen ta l l y  determined r e g r e s s i o n  c o e f f i c i e n t s .  I n  t h e  

1971 study,  t e s t s  were performed on b o l t e d  connec t ions  t o  

o b t a i n  va lues  f o r  t h e  u l t i m a t e  s t r eng th ,  (Hult ) and 

maximum deformat ion,  (A ult), of t h e  fasteners.  A t r i a l  

and e r r o r  c u r v e  f i t t i n g  procedure was t hen  used t o  
- - 

determine t h e  va lues o f p  and A ,  which, when s u b s t i t u t e d  

i n t o  equa t i on  1.0 best  f i t t e d  t h e  t e s t  data, (see 

- 
F i g u r e  1. 2). Now, equa t i on  1.0 can be used t o  o b t a i n  t h e  

u l t i m a t e  l o a d  of a  b o l t e d  connec t ion  by summing t h e  

i n d i v i d u a l  b o l t  f o r ces  and moments, 

The same load- deformat ion response equat ion- can 

be used t o  ana lyze  welds, bu t  must be modif ied. Welds, 

u n l i k e  b o l t s ,  a r e  con t inuous  fas teners  and must be broken 

i n t o  elements, I n  a d d i t i o n ,  t h e  maximum s t r e n g t h  and 

deformat ion s u s t a i n e d  by an  element of we ld  depends on 

t h e  a n g l e  between t h e  a p p l i e d  l o a d  and t h e  we ld  element 

ax is ,  I n  order  t o  i n c o r p o r a t e  t h e  e f f e c t  of ang le  of l o a d  

f u r t h e r  research  was done by B u t l e r ,  Pa l  and Kulak 
(6 ) 



Figure 1 . 2  Load-def ormat ion  response of b o l t s  



i n  1972. In t h i s  s tudy,  four  groups of welds were 
0 0 0 

t e s t e d  a t  angles  of load of 0  ( l o n g i t u d i n a l ) ,  30 , 60 
0 

and 90 ( t r ansverse )  w i t h  respect  t o  t h e  weld axis .  The 

ul t imate s t r eng th  (i3ult) and maximum deformation ( u l t ) ,  

were obtained f o r  each d i f f e r e n t  angle  of loading. Again, 

a  t r i a l  and e r r o r  curve f i t t i n g  procedure was used t o  

determine t h e  values of t h e  regress ion  c o e f f i c i e n t s ,  

,u a n d h .  (See Figure 1.3). T h i s  t ime,  t h e  regress ion  

c o e f f i c i e n t s  and R a r e  a l s o  i n  terms of t h e  ang le  of 

loading a s  fol lowsr  

Equation 1.0 f o r  R can then be used f o r  var ious 

values f o r  t h e  regress ion  c o e f f i c i e n t s .  The u l t imate  

capaci ty  of a  weld can now be found by  summing  t h e  

elemental weld fo rces  and moments j u s t  a s  f o r  t h e  bol ted  

connect ions. 

The basic  theory of t h e  u l t imate  s t r eng th  method - - 
has been discussed. Next, how i t  app l i e s  t o  t h e  

e c c e n t r i c a l l y  loaded welded connection subjec ted  t o  

combined moment and shear  w i l l  be discussed. For t h e  

a p p l i c a t i o n ,  work f rom Brandt (3)  and Kulak ( 2 )  w i l l  

be summarized a s  fol lowsr  



Figure 1 . 3  Load v s .  deformation of welds f o r  various 6 
( a i n .  - shaped welds) 

0 0.02 0.0 b 0,Io 
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1. Choose a n  i n s t a n t a n e o u s  c e n t e r  o f  r o t a t i o n ,  

a n d  a  n e u t r a l  a x i s .  (See F i g u r e  1.4 ) 

2. Assume t h a t  t h e  r e s i s t i n g  f o r c e  on  any w e l d  

e lement  a c t s  p e r p e n d i c u l a r l y  t o  a  r a d i u s  

c o n n e c t i n g  t h a t  element t o  t h e  i n s t a n t a n e-  

ous c e n t e r  a n d  l e t  i t  a c t  t h r o u g h  t h e  

c e n t r o i d  of t h e  w e l d  element. 

3. C a l c u l a t e  t h e  ang le ,  @ , between t h e  e lement-  

a l  f o r c e  of t h e  w e l d  element a n d  t h e  

l o n g i t u d i n a l  a x i s  of t h e  w e l d  element. 

(Ang le  0 i s  exp ressed  i n  degrees).  

4. De te rm ine  t h e  u l t i m a t e  d e f o r m a t i o n  wh ich  

can  o c c u r  o n  each w e l d  e lement  f rom (see 

F i g u r e  1. 3 ) 

5. The w e l d  element wh ich  w i l l  r e a c h  i t s  

u l t i m a t e  d e f o r m a t i o n  f i r s t ,  i s  u s u a l l y ,  

b u t  n o t  a lways,  t h e  w e l d  element f a r t h e s t  

f r o m  t h e  i n s t a n t a n e o u s  cen te r .  I t  i s  a l s o  

t h e  one f o r  wh ich  t h e  r a t i o  of max 
-. - - 

d i v i d e d  by t h e  r a d i u s  t o  t h e  i n s t a n t a n e o u s  

c e n t e r  i s  t h e  s m a l l e s t .  I t  i s  assumed 

t h a t  d e f o r m a t i o n s  v a r y  l i n e a r l y  f rom t h e  

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

6 .  C o n s i s t e n t  d e f o r m a t i o n s  (A ) , i n  i n c h e s ,  

a t  a l l  o t h e r  w e l d  e lements a r e  t h e n  



Figure 1 .4  Eccentr ica l ly  loaded f i l l e t  weld 



f o u n d  f rom 

i = r i  ( n r n a x / r )  m i n  (1.5 

7. T h e  f o l l o w i n g  p a r a m e t e r s  a r e  t h e n  c a l c u -  

l a t e d  f o r  e a c h  weld e l e m e n t  a 

Where  R i  a n d  H u l k  ,i a r e  i n  k i p s / u n i t  

l e n g t h ,  a n d e i  i s  t h e  a n g l e ,  i n  d e g r e e s ,  

d e f i n e d  i n  s t e p  3. , a n d  hi a r e  

e x p e r i m e n t a l l y  d e t e r m i n e d  r e g r e s s i o n  

c o e f f i c i e n t s  a s  d e t e r m i n e d  by B u t l e r ,  

P a l  a n d  K u l a k  
(6 1 

a n d  e i s  t h e  b a s e  of 

n a t u r a l  l o g a r i t h m s .  

8. Assume t h e  c o n n e c t i n g  p l a t e s  i n  t h e  

c o m p r e s s i o n  z o n e  a r e  i n  d i r ec t  b e a r i n g  

a t  t h e  t ime t h a t  t h e  u l t i m a t e  l o a d  i s  

r e a c h e d .  T h e  stress d i s t r i b u t i o n s  f o r  -- 

t h e  web i s  a s s u m e d  t o  b e  t r i a n g u l a r  

a n d  r e c t a n g u l a r  f o r  t h e  f l a n g e .  (see 

F i g u r e  1 . 4 ,  o n l y  t h e  t r i a n g u l a r  d is t r i-  

b u t i o n  is shown.)  Now, c a l c u l a t e  t h e  

r e s i s t i n g  f o r c e s ,  i n  k i p s ,  f o r  t h e  web 

a n d  f l a n g e s  



W h e r e  O\ i s  t h e  y i e l d  s t ress ,  i n  

k i p s / i n 2 ,  o f  t h e  c o n n e c t e d  p l a t e s ,  TF 

i s  t h e  t h i c k n e s s ,  i n  i n c h e s ,  o f  t h e  

f l a n g e ,  TW i s  t h e  t h i c k n e s s ,  i n  i n c h e s ,  

o f  t h e  w e b ,  W i s  t h e  w i d t h ,  i n  i n c h e s ,  

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

i n c h e s ,  o f  t h e  c o r n p r e s s i o n  z o n e .  I n  

t h e i r  1974  s t u d y ,  Dawe a n d  K u l a k  
(2 )  

t r i e d  o t h e r  stress d i s t r i b u t i o n s  a n d  

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

t o  b e  t h e  b e s t  o v e r a l l  b a s e d  u p o n  t e s t  

v e r i f i c a t i o n .  

9. By s t a t i c s ,  c a l c u l a t e  t h e  sum of a l l  t h e  

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

u l t i m a t e  l o a d  i n  k i p s .  

T h e  f o r m u l a s  g i v e n  a r e  f o r  1 / 4  - i n c h  f i l l e t  

welds made u s i n g  E6U electrodes.  T h e  f o r c e s  a n d  m o m e n t s  - - 
c a l c u l a t e d  a r e  u l t i m a t e  v a l u e s .  T h e s e  u l t i m a t e  l o a d s ,  

P m u s t  b e  m o d i f  i e d  a c c o r d i n g  t o  T i d e ' s  
(4) 

m o d i f  i c a t i o n s  

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



T i d e ' s  Modi f ica t ions  

In  o r d e r  t o  conver t  t h e  c a l c u l a t e d  u l t i m a t e  

l oads  t o  rnore gene ra l  des ign  o r  more pe rmis s ib l e  l oads  

s i m i l a r  t o  t h o s e  i n  t h e  8 th  Ed i t i on  Manual of S t e e l  
( 1 )  

Cons t ruc t i on  of t h e  American I n s t i t u t e  of S t e e l  

Cons t ruc t i on ,  t h e  fo l lowing  modif i c a t i o n s  a r e  made: 

1. Convert ing from 1/4 - inch weld t o  

1/16 - inch weld b y  d iv id ing  by 4, 

2. Convert ing from E6U e l e c t r o d e  t o  

E70 e l e c t r o d e  by mul t ip ly ing  by 

70/6 0, 

3, In t roduc ing  a  s a f e t y  f a c t o r  conform- 

ing  t o  AISC S p e c i f i c a t i o n  Sect .  1.5.3 

by mul t ip ly ing  b y  0.3, 

4. Checking t h e  shea r  s t r e s s  i n  t h e  most - - 

h i g h l y  s t r e s s e d  weld element and,  i f  

it exceeds 21 k s i ,  ( f o r  an €70 - 

e l e c t r o d e )  reducing t h e  u l t i m a t e  l o a d  

by t h e  r a t i o  of 21.0 d i v i d e d  b y  t h a t  

shea r  s t r e s s .  



CHAPTER I1 

COMPUTER P R O G R A M  

General  

As mentioned p rev ious ly ,  t h e  cornput e r  programs 

w r i t t e n  i n  t h i s  t h e s i s  a r e  a  combination and mod i f i ca t i on  

of Brandt 's 
(3) 

and Dawe and Kulak's 
( 2 )  

programs. The 

programs a r e  w r i t t e n  i n  F o r t r a n  and t h e  b a s i c  f lowchar t  
( 2 )  

(See F igu re  2.1 ) of Dawe and Kulak was fol lowed,  
(3 - - 

Brandt I s  method f o r  c a l c u l a t i n g  t h e  u l t i m a t e  r e s i s t i n g  

f o r c e s  of i n d i v i d u a l  weld elements was used. I n i t i a l l y ,  

two t r i a l  va lues  f o r  t h e  i n s t an t aneous  c e n t e r ,  r,, and 

two t r i a l s  f o r  t h e  n e u t r a l  a x i s ,  y o #  a r e  chosen, The 

t e n s i o n  zone i s  then  d i v i d e d  i n t o  ha l f- inch  weld 

increments ,  Next, t h e  u l t ima t  e  r e s i s t i n g  f o r c e s  of t h e  
- 

weld i n  t h e  t e n s i o n  zone a r e  c a l c u l a t e d  and broken down 

i n t o  h o r i z o n t a l  and v e r t i c a l  components. Then, t h e  

h o r i z o n t a l  bear ing f o r c e s  i n  t h e  compression zone a r e  

c a l c u l a t e d .  - F i n a l l y ,  t h e  3 equa t ions  of s t a t i c s  a r e -  

c a l c u l a t e d  a s  fo l l ows ;  
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FLOWCHART 

-1 FYO (M) =HB-CFH 
74:- 

- - 

+ 

RO(J)* FFRO(J+~) - KO(J-'-!)*FRO(J) 
FRO (J+I)XO(J) - A 

F i g u r e  2.1 Flowchar t  



T-Shaped Welds 

n-1 m = U  P e +  ( R . )  (WL - y o  + TF - yi) 
t o p  1 l h  
f l a n g e  

(see F i g u r e  2.2) 

I- Shaped Welds 

Fx = U Same as e q u a t i o n  2.1 

Nto; U Same as e q u a t i o n  2.2 

(see F i g u r e  2.3) 

Two- Hor i zon ta l  Welds 

mtopu P ~ - H ~ ( w L  - y d 3  + T F )  - 
f l a n g e  

-H bb(wL + ~ / Z T F )  = O 

(see F igure2.4  ) 

Box-Shaped Welds 

There  a r e  no e q u a t i o n s  of s t a t i c s  s i n c e  t h e  

box-shaped we lds  a r e  modeled as  t h e  sum of t h e  two- - -- 

h o r i z t o n a l  welds a n d  t h e  t w o - v e r t i c a l  welds f r o m  t h e  

8 t h  E d i t i o n  Manual of S t e e l  C o n s t r u c t i o n  of t h e  



F i g u r e  2.2 T- Shaped  weld d i a g r a m  

IC - 

f r e e  body  d i a g r a m  ~ t r e s z  d i s t r i b u t i o n  
d i a g r a m  



Figure -2.3 I-shaped weld diagram 

-- 
Nf l  

A 

30' 

d 

1 
Or 

S t r e s s  d i s t r i b u t i o n  
diagram 

Cb MCENTRRTE~ FLRNG-E 
U E L h  



Figure  '2.4 Two h o r i z o n t a l  welds diagram 
18 



A m e r i c a n  I n s t i t u t e  o f  S t e e l  C o n s t r u c t i o n .  

I n  t h e s e  e q u a t i o n s ,  R n  i s  t h e  f l a n g e  u l t i m a t e  

f o r c e ,  a n d  t h e  a n g l e  0 t ,  O b  a r e  t h o  a n g l e s  t h a t  f o r c e  

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

WL i s  t h e  l e n g t h  o f  t h e  web weld, i n  i n c h e s ,  y i  , i s  t h e  

l e n g t h ,  i n  i n c h e s ,  from t h e  n e u t r a l  a x i s  t o  t h e  c e n t r o i d  

o f  t h e  weld e l e m e n t ,  a n d  e i s  t h e  e c c e n t r i c i t y ,  i n  i n c h e s ,  

of t h e  load. And ( R ~ ) ,  a n d  ( R ~ ) ~  a r e  t h e  v e r t i c a l  a n d  

h o r i z o n t a l  c o m p o n e n t s  o f  t h e  r e s i s t i n g  f o r c e s ,  r e s p e c t i v e l y .  

A l l  t h e  o t h e r  q u a n t i t i e s  h a v e  b e e n  d e f i n e d  ea r l i e r .  

S o l u t i o n  o f  t h e  S t a t i c s  E q u a t i o n s  f o r  T h e  

C o r r e c t  N e u t r a l  A x i s  a n d  I n s t a n t a n e o u s  

C e n t e r  of Hotat i o n  

T h e  t w o  e q u a t i o n s ,  w h i c h  c o n t a i n  t h e  unknown 
- - 

u l t i m a t e  l o a d ,  P ,  a r e  t h e  s u n  of t h e  moments  a b o u t  t h e  

t o p  f l a n g e  a n d  t h e  sum of t h e  v e r t i c a l  f o r c e s .  Cornb in ing  
- 

t h e s e  two e q u a t i o n s ,  t o  e l i m i n a t e  P ,  y i e l d s  t h e  f o l l o w i n g  

e x p r e s s i o n ,  w h i c h  s h o u l d  b e  a p p r o x i m a t e l y  ze ro  if t h e  

c o r r e c t  n e u t r a l  a x i s  a n d  i n s t a n t a n e o u s  c e n t e r  o f  r o t a t i o n  

-- h a v e  b e e n  a s s u m e d :  

R, s i n  et + : t ~ ~ ) ~  + Vb - k b $ t ~ i ) h  (WL - y o  + TF - y i )  

E q u a t i o n  2.8 i s  f o r  T- w e l d s  a n d  s i m i l a r  e q u a t i o n s  a r e  o b t a i n e d  - 

f o r  I-welds a n d  t w o  h o r i z o n t a l  welds. S i n c e  e q u a t i o n  2.8 

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



zero. Therefore,  t h e  i n i t i a l  t r i a l  f o r  ro and yo a r e  

t e s t e d  i n  equation 2.8. I f  i t  i s  not approximately zero,  

then yo i s  he ld  constant  and t h e  second t r i a l  f o r  ro i s  

t e s t e d  i n  equation 2.8. If i t  i s  not s a t i s f i e d ,  then t h e  

Regula F a l s i  
(7)  

i t e r a t i v e  procedure i s  employed, t o  i t e r a t e  

between t h e  two t r i a l s  f o r  ro u n t i l  equation 2.8 i s  

s a t i s f i e d .  

Next, t h e  i t e r a t e d  value f o r  ro i n  f i n a l  form 

and t h e  i n i t i a l  value f o r  yo a r e  t e s t e d  i n  t h e  sum of t h e  

hor izonta l  f o r c e s ,  such a s  equation 2.1. If  t h i s  i s  not 

approximately zero then t h e  i t e r a t e d  ro value and t h e  

second t r i a l  f o r  yo a r e  t e s t e d  i n  equation 2.1. If  t h i s  

equation i s  not s a t i s f i e d ,  t h e  Regula F a l s i  
(7) 

i t e r a t i v e  

technique i s  employed again t o  i t e r a t e  between t h e  two 

values of yo u n t i l  i t  i s  s a t i s f i e d .  The i t e r a t e d  y, 
- - 

value is  s u b s t i t u t e d  i n t o  equation 2.8 and t h i s  equation 

i s  r e i t e r a t e d  f o r  r o ,  t h i s  t ime w i t h  a  new yo i t e r a t e d  
- 

value. The process cont inues u n t i l  both equations 2.8 and 

2.1 a r e  s a t i s f i e d .  (See Flowchart) The u l t imate  load  P 

i s  f i n a l l y  c a l c u l a t e d  u s i n g  equation 2.2, i. e m ,  sum of 

t h e  v e r t i c a l s  -forces. -- 

Requla F a l s i  
( 7 )  

I t e r a t i v e  Technique 

T h i s  technique i s  expected t o  converge a t  x2, 

when f  (xL1) i s  negat ive,  and f (xdl) i s  p o s i t i v e ,  w i t h  

- -- x 2  somewhere i n  between. ( see  Figure 2 .5) .  T h i s  method 

is f a s t e r  than o the r  methods s i n c e  i t  uses t h e  s i g n  and 



- - 
Pigure  2.5 Regula F a l s i  method 



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

j u s t  r e d u c i n g  t h e  i n t e r v a l  a s  i n  t h e  b i s e c t i o n  method.  T h e  

new r o o t  i s  c a l c u l a t e d  a s  f o l l o w s r  

x 2  = X L ~  f (xR1 - xRlf (xL1 1 

A d r a w b a c k  o f  t h e  m e t h o d  i s  t h a t  a p o s i t i v e  a n d  n e g a t i v e  

f u n c t i o n  m u s t  b e  l o c a t e d .  

A l t h o u g h  t h e  R e g u l a - F a l s i  
(7 

i t e r a t i v e  m e t h o d  

i s  e x p e c t e d  t o  c o n v e r g e ,  i t  i s  more  d i f f i c u l t  i n  t h i s  case ,  

s i n c e  t h e r e  a r e  t w o  i t e r a t i o n s  o c c u r r i n g  s i m u l t a n e o u s l y .  

I t  was n e c e s s a r y ,  t h e r e f o r e ,  t o  r e l a x  t h e  c o n s t r a i n t s  o n  

t h e  r e m a i n d e r s  o b t a i n e d  i n  e q u a t i o n s  2.8 a n d  2.1, b a s e d  o n  

t h e  r e l a t i v e  s i z e  of  t h e  i n d i v i d u a l  terms, a n d  t h e  number  

of  terms. 



CHAPTER 111 

DISCUSSIONS AND CONCLUSIONS 

Computer-Obtained Ul t imate  Load 

v s .  Tes t  Resu l t s  

The v a l i d i t y  of t h e  computer- obtained u l t i m a t e  

l o a d s  was v e r i f i e d  u t i l i z i n g  t h e  t e s t s  perforrned b y  

Dawe and Kulak. 
( 2 )  

The cornput e r- obta ined  ult irnat  e  l oads  

were w i th in  8% of t h e  t e s t  r e s u l t s ,  which i s  a c c e p t a b l e  

f o r  t h e  purpose of t h i s  t h e s i s .  See Table  3.1 f o r  t h e  

exact  percentages .  

Dawe and Kulak's t e s t  r e s u l t s  
(2  1 

v e r i f i e d  t h e  

v a l i d i t y  of t h e  computer u l t i rna te  s t r e n g t h  method and - - 
model. There fore ,  i t  was assumed t h a t  f o r  weld groups 

o t h e r  t h a n  t h o s e  t e s t e d  b y  Dawe and Kulak, 
(2 )  t h e  comput e r  

- 

u l t i m a t e  s t r e n g t h  method can p r e d i c t  t h e  u l t i m a t e  l o a d  

w i t h i n  8% of t e s t  r e s u l t s .  And 8% i s  g e n e r a l l y  accep tab le .  

Cornput er-Obtained Ul t imate  Load -- 

v s .  Current  Allowable E l a s t i c  Load 

For t h e  sake  of comparison, Table  3.1 a l s o  

i n c l u d e s  t h e  c u r r e n t  a l l owab le  e l a s t i c  loads .  U t i l -  

i z a t i o n  of t h e  computer- obtained u l t i m a t e  l o a d  would - 

- -- 
r e s u l t  i n  s a f e t y  f a c t o r s  lower t han  t h e  c u r r e n t  s a f e t y  

f a c t o r s .  



Table  3.1 Computer i3esults  

I \ 

I 



D i s c u s s i o n  of C o n s t r a i n t s  on  

Equa t ions  2.1 and  2.8 

As men t ioned  i n  c h a p t e r  two,  i t  was necessary  t o  

r e l a x  t h e  c o n s t r a i n t s  o n  t h e  rema inders  of Equa t ions  2.8 

a n d  2.1 based on t h e  r e l a t i v e  s i z e  of t h e  i n d i v i d u a l  

te rms,  a n d  t h e  number o f  terms. F o r  E q u a t i o n  2;l where 

t h e  te rms  were s m a l l e r ,  t h e  rema inders  were k e p t  w i t h i n  

5 - 10% of t h e  te rms,  s i n c e  n e i t h e r  pe rcen tage  a f f e c t e d  

t h e  accu racy  of t h e  u l t i m a t e  l o a d  s i g n i f i c a n t l y .  And f o r  

E q u a t i o n  2.8, where t h e  te rms  were much l a r g e r  t h a n  t h o s e  

i n  E q u a t i o n  2.1, t h e  rema inders  Mere k e p t  w i t h i n  5 - 10% 

a l s o ,  s i n c e  n e i t h e r  pe rcen tage  a f f e c t e d  t h e  u l t i m a t e  

l o a d  s i g n i f i c a n t l y .  However, f o r  v e r y  s m a l l  e c c e n t r i c i t i e s ,  

t h e  rema inders  were o n  t h e  h i g h e r  s i d e  o f  t h e  pe rcen tages  

f o r  b o t h  equa t ions ,  s i n c e  t h e  0 become s m a l l e r .  And t h e  - - 

l a r g e  e c c e n t r i c i t i e s  t h e  rema inders  were o n  t h e  l o w e r  

s i d e  of t h e  percentages ,  s i n c e  0 become l a r g e r .  

F u r t h e r  Study 

I t  i s  f e l t  t h a t  t h e r e  i s  a  need f o r  e x t e n s i v e  

t e s t i n g  ove r  a  w i d e r  r a n g e  o f  w e l d  g e o m e t r i e s  a n d  
(2 1 - .  

e c c e n t r i c i t i e s  t h a n  t h o s e  done by Dawe a n d  Ku lak  t o  

g i v e  f u r t h e r  v a l i d i t y  t o  t h e  compu te r- ob ta ined  u l t i m a t e  

loads .  However, such t e s t i n g  was n o t  i n  t h e  scope of 

t h i s  t h e s i s .  It i s  hoped t h a t  someone e l s e  w i l l  t a k e  
- - 

o v e r  where t h i s  t h e s i s  l e f t  o f f  a n d  u n d e r t a k e  such 

t e s t i n g .  



C o n c l u s i o n  

I n  c o n c l u s i o n ,  i t  c a n  b e  s a i d  t h a t  t h e r e  now 

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

f o r  T- s h a p e d ,  I- s h a p e d ,  a n d  t w o  h o r i z o n t a l  weld g r o u p s  

s u b j e c t e d  t o  c o m b i n e d  s h e a r  a n d  moment. ( S e e  Appendix  A ) ,  

T h e r e  a l s o  e x i s t  d e s i g n  c h a r t s  s i m i l a r  t o  t h o s e  

a l r e a d y  e x i s t i n g  i n  t h e  8 t h  E d i t i o n  Manual of S t e e l  

C o n s t r u c t i o n  of t h e  Amer ican  I n s t i t u t e  of S t  ee l  

C o n s t r u c t i o n  f o r  t h e  a f o r e m e n t i o n e d  weld g r o u p s  a n d  box- 

s h a p e d  weld g r o u p s .  ( S e e  pp. 27-34}, T h e  v a l u e s  f o r  

u l t i m a t e  l o a d  h a v e  b e e n  v a l i d a t e d  by t es t s  r e s u l t s .  

I t  i s  h o p e d  t h a t  t h e  d e s i g n  c h a r t s  c a n  b e  u s e d  

by d e s i g n  e n g i n e e r s  j u s t  a s  t h e  a l r e a d y  e x i s t i n g  o n e s  i n  

t h e  8 t h  E d i t i o n  Manual  of S t e e l  C o n s t r u c t i o n  
(1) 

of  t h e  

Amer ican  I n s t i t u t e  of S t e e l  C o n s t r u c t i o n  a r e  used .  I t  is - - 
recommended t h a t  someone  t a k e  o v e r  w h e r e  t h i s  s t u d y  e n d e d ,  

a n d  p e r f o r m  e x t e n s i v e  t e s t i n g  f o r  v a r i o u s  weld g r o u p s  - 

s u b j e c t e d  t o  c o m b i n e d  moment a n d  s h e a r .  
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T a b l e  3.2 c o n t ' d  

TW = TF = 0.50 i nches  below d o t t e d  l i n e  
= 0.25 inches  above d o t t e d  
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Table 3.3 T - Shaped Weld Design Chart LQ p = C C I D l  1  P = = length permiss ible  of web load ,  weld, i n  i n  k i p s  inches  

P C = c o e f f i c i e n t  i n  t a b l e s  below 
D = no. of 1/16 of an inch i n  weld 

121 = c o e f f i c i e n t  f o r  e l ec t rode  used 
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T a b l e  3,4 Two H o r i z o n t a l  W e l d  D e s i g n  T a b l e  

P = p e r m i s s i b l e  l o a d ,  i n  k i p s  

f7bf P = C CID 1 1 = l e n g t h  of web weld,  i n  in, 
C = c o e f f i c i e n t  i n  t a b l e  be low  

f' D = no. of 1/16 w e l d  s i z e  
C1 = c o e f f i c i e n t  f o r  e l e c t r o d e  

i u s e d  (see  p e  51)  
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A.1  Computer I n p u t  

Data i s  i n p u t e d  i n t o  t h e  computer programs i n  

t h e  form of d a t a  s t a t e m e n t s  a t  t h e  end of t h e  program i n  

t h e  f o l l o w i n g  fo rm:  

WL, e, Py, TF. W, TW, WLF 

There fo re ,  t h e  d a t a  f o r  t h e  sample prob lem i s  i n p u t e d  as 

f o l l o w s  r 





F I L E :  TVLYLC; ULTFI' !  A  * + * * -  YCUPiGNTnYN STATE U N I V E R S I T Y  CDMPUTLR CFKTER **  
- ,  

cr s 
.RE&= T V L L L 3 T  * A T F I Y  A1 - F R L Z  0 5 / 2 2 / 2 4  14:11:00 
/ / L 1 2 3 4 5 6 7  J T  ( ?  I R ' l U T f h )  
/ /  F R G 2 1 3 0 2 r O I L L C ' r . C L A S 5 = 5  
/ /  E X E C  L A T r I V  
/ / C Y S i h  C 3  
SJGB 
C  PRESRPM TC CALCULAT- Tf'r Ih.ST. CENTER* NEUTRAL 4 X I X y  AKC U L T I Y A T E  
C  L G L D  119 K I P S  3F  ECC. LJACE3 biEL9EO CONNECTIZNS SUF?JrCTFC T 3  RO- 
C  TATI?? lAL-T 'EFGPYLTI_ lh  12 THT TCF TENSIKR ZCN5 ANC BEARINS I N  THE 
C  BCTTCh CS! " ' kE~SICK i ; X - -  
C T P I S  F S 5 t c L ? ,  I S  FCR T-JkAPED UELDS ONLY- 

C I P F h 2 I C h  C L L ( ~ ~ ~ ) ~ ? A C ( ~ ~ ~ ) ~ T H ~ T A ~ ~ O O ~ ~ ~ O ~ ~ O O ~  
G I Y E h Z I T h  F ? 3 ( 1 0 0 ) 1 R V ( 1 2 5 ) ~ P H ( 1 0 3 ) ~ Y ~ 1 0 0 ) ~ F ~ ( 1 0 0 )  

I 

C I M i I ' i Z I T N  Y ~ ~ 2 O O ~ ~ F Y 3 ~ 2 ~ O ~ r F ~ l O D ~ ~ 9 ~ L 1 ~ 1 O O ~ ~ D E L T A ( l O O )  I 
REP: -.- .CU.LA,., A 
1 i = u  

7 II=II+l 
C  REAG I N  k E L 3 E D  C J k Y E C T I g N  DATA aHERE: J L  I S  THE-LENGTH OF THE 
C  Cf" UEL?*SCC I S  TbC ECCzkTKI?ITY*Si6Y I S  THE Y1;LC STRESS OF THE 
C  L E a  A h  FLAI:CE V P T Z R I S C * T F  1,S FLANaE THICKNESSITU 1 5  THC 
C  L E p  T k I C K K f j S ,  2 I S  Th; FLAhG, * I D T H * U L F  I S  HALF CF THE FLANGE 
C  UELO LENGTP. 

R E A D * Y L ~ E C C I S I G Y , T ~ * V * T ~ ~ ~ ' L F  
w z n  . - *  

IF(UL.LF.0.) S T r P  1 
L R I T E  ('990) I 1  

9 0  F C Q F 6 A T ( / / / T 1 0 ~ 2 G X ~ ' P R C 2 L E K  N U . = * * I 2 / / )  
I 

C  CALCULATE 2 I I . I T I P ,  VALUES FOR NEUTRAL 1 x 1 s  LOCATED FROM BOTTOM 
C  CF L E L D  LCK;Tb ( Y C ( l I , Y ; ( l l )  

Y G ( 1  ) = s L / 4 .  
Y C ( 9 ) = 3 - *  LL/4.00 

2 0 0  C C N T I b U E  
J = o  - i 
P = k + 1  

C  CALCULATE UY - LEtiGTH CF MELD I N  TFNSI'lN 
k L = i d L - Y E ( # )  

C  , I V I S E  T C F T T E N I O h  GEL3 I N T Q  HALF I N C H  IRCREHENTS 
CT 2 1  ? = l r l g O C  
G E = U U / F L Z A T ( i )  
R = I  
I F ( , G U . L f - 0 . 5 )  5 :  1.2 ? 

2 1  C C h T I A U E  
9  ELU=GL 

C  L C C L T E  CEtiTTR GF F I R S T  UELD ELEKEKT 
Y  (1 ) = F L U / ?-  

C  C t C O S E  TVC I N I T I A L  VALUES F ? R  I Y S T .  CENTER - R C ( l ) * R C ( Z )  
R U ( i f - r O . 1  
RG(;)=SS.OG 

25 CGNTIRUT 
J=J+ 1 

C  C A L C U L A I E  FED AND AAGLE BETL'EEL RAT) VECTCR AND UELO A X I S  F 0 4  FL4-ST~~  
C  YELC ELEP'.ENT 

R P D ( l ) =  S G R T ( R 2 ( J ) - . 2 + Y C l ) = f 2 )  
TI-ETA (1 I = (  A R S l b ( R d ( J ) / R A D ( l ) ) )  180./3.14157 



FILE: T ~ ~ L L O :  k A T F I V  A +- '*-  YSUXGST3YN STAT< U M I V E 9 S I T Y  CCMPUTLR CENTER -**- 

CALCULATE L i r G i E  PETdEEh F u ? C E  AhD UZLO A X I S  FCR F I R S T  ELEMENT 
T t f T P ( 1  ) = 5 i - T I ' r T b ( l )  
C E L 1  ( I ) Z C . ~ ? ~ * ( T P ~ T A ( ~ ~ * ~ ~ O ~ * + ( - ~ ~ ~ )  
C t L T A ( l I = C L L l ( l ) < R A 2 ( 1 ~  
CALCULQTE RAE Ah, A h G L t  k!ETYtCY RA'I VECTGR AND UELD A X I S  FOR REST 
OF dtLEl-ELF';NTSAVL A h G 5 E  2 T d I r N  FIlRCE VECTCR Ah'D ZELD A X I S  A$? 
CEhTFP F  Z c a T  CF Tt'E r ~ ~ ~ t N ~ ~  LCCA'ZD UF FQ?H TI -E  NEUTRAL AXIJ. 
DO 3 I = 2 r N  
Y ( I ) = Y ( I - l ) * C L *  
I F ( h . L C . I ) G 2  T u  3 5  
R A ? ( I  )= ZG"T(FS(  J ) - . 2 + Y ( I  ) + *  2) 
T h E T A ( I ) = (  A R 2 I N ( R 2 ( J ) / R & D ( I ) ) )  180 - /5 .14159  
T h E T A C I  )=;a-THrTb( I  I 
C E L l ( 1  )=0.225+(Th;TA(1)+5.)-*(--47l 
E E L T A ( I ) = L : L l ( I ) / H A " ( I )  
CCiNTII\Ur 
h A C ( N ) =  SGRT(RO(J)=.2+(hL-YC(K)+TF),-2) 
T V E T A ( h ) = (  &RSIN(RO(J)/9AO(N))~*180~/3~14153 
THETACN)=SC;THETA(h! 
RTH I S  TPE -U!' T F  ~ A R I L .  RrS. F U R C I S  OF UELDS 
RTV I S  Tt-E SUM OF VTRT. RE3. FDRCES OF JELD2 
T b P F  I S  SUx C' YCF. OUF TC 9TH 
CALCULATE prS. F C R C E 3  C' LELOZ U I T Y  AeJVE N 3 T A T I C K  
OEL I S  i t - E  C E F L f C T I C N  JF UELD E L E P E N T g F ( 1 )  I S  RES- FORCF OF YELO 
ELEYENT-  F U I L A F ~ A  PNC OULT ARE VALUES USED I N  SETERMINING F(1). 
RTH=O- 
RTV=e. 
T I - R P = O ,  
0% 5 i g l . ~  
CLL(I)=(RAC(I)/RAD(h))*.225-(TqETA(N)+5.~**(--47~ 
RULT=(lFI+TYET&(I))/(-92*-0603=THETA(T)) 
r~=75.-  t ~ ~ ( . 0 1 1 4 + ~ ~ ~ ~ ~ ( ~ ) )  
LAMDA=,b* LXP(.014:-THZTA(I) 
F(I)=RULTxfLU-(1.--XP(-feU*3EL(I)) I +  L d U C A  
R V ( I ) = < Y ( I ) / R A D ( N ) ) - F ( I  
R h ( 1  ) = ( F C ( J ) / R A R C h )  t * F j I )  
T P R Y = R H ( I )  (YL-YO(Y ) + T i - - Y ( 1 )  )+THRM 
I F ( I . E b . Y ) L I  TC 6 9  
R T V = R T V + P V ( I )  
P T H = R T q + p P ( I )  
CCNTI I iV '  
bf3rbEE PPE RES. R E L O U  N-A-  O F  THE YE0 ANC FLANSC RCsP- 
U E  T5 R Z Z -  FGRCE CF JELDS S r L G *  L r A -  
RK I S  T r E  P-S. F O i + C L  CF TPE FLANGE SELD- 
C t S  ART TPE H C P I L -  ANC VER* Ah;LES R h  MAKES Y I T V  THE VERT- 
FF.O(J) I S  THF SUP OF THE VEST- FCRCZS ANC THE M3MENTS AFOU1 
TPE TED FLAhGE CCYEIhEU. 
C E L ( h  I = - 2 2 5 -  ( T H L T A ( h ) + 5 - ) + * ( - - 4 7 )  
R U L T = ( ~ C . I ~ H E T A ( N ) ) / ( ~ ~ Z + . O ~ O ~ * T H E T A ( N ) )  
M U = 7 5 . - r X P ( . 0 1 1 4 * T H E T A ( h : ) )  
L A W O A = - 4 r E X " ( - 0 1 4 € -  T H E T A ( h t  1 
F(N)=RULT*(l.-EXP(-PU*OEL(N)))**LAMDA 
RA=YLF+ F ( N )  
VB=SIGY *YO(M)*TL/4.  
H 5 9 = S I G Y * U - T F / 2 -  



F I L E :  TV i iFLC-  Y A l F I i  A  YCLitdGST3YN STATE U N I V E R S I T Y  COMPUTER CEMTEa * * ~  

F X 2 = F ? 2 ( 1 )  
G C  T Z  1 1 0  
I T E P A T I L N  FqCCEDCGr F C 9  R D ( J )  ENOC. 
L F I T E  ( 9 4 1 )  
F C R ~ A T ( ' O * r m P C S S I ! 3 L Y  N3  ROOT ON STARTING 
G J  T n  7 
~ R I T ~  ( 6 9 5 1 )  
F C R M A T ( * g * - ' P D S S I B L Y  h 3  ROCT O N  E T A a T I N G  
G C  TO 7 
CALCULATE h F U  VALUE F3P ROCJ) 3ASED UP3k  
R C ( J i l ) = ( X l  F X 2 - X 2 - F X l ) / ( F X 2 - F X l )  
E C  TC 2' 
FYO(t ' )  I S  THE SUP 2 -  THY hSPIZ.  FCRCES. 
F Y D ( P ) = + H P + P S E - 9 T k - 9 N ' C  
IF( AES(FY;(P)).LE. ( rj ))53 7 3  2 0 2  
I F ( R - L T . 2 )  r.D T" 20C 
I F  (FY2(1 ) .CYC(2 ) .~~T .0 )  GO T C  59 
IF(M.E7.2) Y E  TO 1 1 7  
I F ( F Y 1 -  F Y O ( t ' ) )  I l b r ~ O i v 1 1 9  
I T E Q P T I C N  PDDCECUPE FCK YO(N) 9FGINS. 
F Y 2 = F Y C ( F )  
Y2=YC(Y)  
G C  T C  1 2 0  
F Y l = F Y E ( P )  
Yl=Ycc:! 
G ' l  751 L . 0  
I F  (FYU(Z)-LE.O) GO TO 13 
Y l = Y f  (1 

INTERVAL FOR RO' 

VALUE F C Q  YOv)  

PREVIZUS I T E R A T I  



F I L E :  TVUrLCI: U A T F I V  A - - + * -  YDUiISST3UN STAT' U > J I V f R S I T Y  CG!4PUTER 

F Y ? = F Y r ( 2 )  
Y2=YC(5  1 
GC T L  1 2 0  

1 3  Y l = Y 0 ( 2 )  
F Y l Z F Y i .  ( 2  
Y 2 = Y G ( 1 )  
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h K I T E ( c r 3 0 )  S I 6 Y r T Y  
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L 3 I T E ( L r 2 C 5 )  ECCrC 

2 0 5  FOR%AT(*O*.2@Xr~ECC.='rF6.2ybX~*FLANGE UIDTH=**F6 .2 / / )  
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6.1 Sample conversion from ult imate  
l oad  t o  des ign l oad  

Ultimate load,  i n  k i p s  = 45.27 

Tide 's  modif icat ions  s 
1. Convert from 1/4 i n .  t o  1/16 i n .  

welds 

45.27 * 4 = 11.32 

2. Convert from €60 t o  €70 e lec trode:  

11.32 * 70/60 = 13.21 

3. Safety  fac tors  

13.21 * 0.30 = 3.96 

4. Checking shear s t r e s s r  

3.96 * 10.61/14.27 = 2.94 

Maximum p e r ~ n i s s i b l e .  or des ign load = 2.94 k i p s  

l u l u l t i p l y  t h e  des ign b y  t h e  number of s i x t een ths  of weld 
- - 



8.2 Design Char t  Formula 

The loads  from t h e  des ign  c h a r t s  a r e  c a l c u l a t e d  

from t h e  fo l lowina  equat ion:  

where z 

P =  Fierrnissible e c c e n t r i c  l o a d ,  i n  k ip s  

1 = Length of each weld i n  inches  

D= Number of s i x t e e n t h s  of an inch i n  f i l l e t  weld s i z e  

C =  C o e f f i c i e n t s  i n  t a b l e s  

C1= C o e f f i c i e n t  f o r  e l e c t r o d e  used 

= 1.0 f o r  E7UXX e l e c t r o d e s  

= 1.14 f o r  E B U X X  e l e c t r o d e s  

= 1.29 f o r  E9UXX e l e c t r o d e s  

= 1.43 f o r  E l U U X X  e l e c t r o d e s  

= 1.57 f o r  E 1 1 U X X  e l e c t r o d e s  

= 0,857 f o r  E6UXX e l e c t r o d e s  - 

The des ign  c h a r t s  a r e  f o r  36 k s i  y i e l d  s t r e s s ,  

and f o r  f l a n g e  and web t h i c k n e s s  a s  noted on c h a r t s .  The 

f l a n g e  width i s  one inch  g r e a t e r  t han  t h e  f l a n g e  weld. 



8.3 D e s i g n  c h a r t  problem 

T - Shaped w e l d  

Theref o r e s  

1 = 1 0 . 0  i n .  K 1  = 1 . 0  A 1  = 1 . 0  

C = 1 . 1 4  (from d e s i g n  t a b l e s )  C l  = 1 . 0  

D = 5  

S o l v i n g  f o r  P 

P = C1C D 1 

= ( 1 . 0 ) * ( 1 . 1 4 ) * ( 5 ) * ( 1 u . u )  

= 57 k i p s  
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