Thesis for the Degree of Master of Engineering

A Study of Stress Behavior on
Welded Joint with Backing Strip

A thesis subg * V- My theg'requirements

for the Degree of

Master of Engineering

in the Department of Civil Engineering, Graduate School,

Pukyong National University

August 2004



A Study of Stress Behavior on Welded Joint
with Backing Strip

A Dissertation
by

Huynh Chanh Luan

Approved as style and content by :

(Chairman) Scung Kyu Kook % %/ZJ'

(Member) Hwan Woo Lee [ ( [h L/_ef/.__,f-.___
A

{(Member) Dong Uk Lee @—U‘Mﬁ ZL/G lzﬁzk

23 June 2004



CONTENTS

List of Hllustrations - - + ¢ « = = = = = = =« « « « « + « o« « o« o - - iv
List of Tables - - « - « « « =« =« o o 4 o et e e e vi
Abstract - ¢ r e e s e e e e e e e e e e e e e e e s Vil
Chapter
1. INTRODUCTION -« o o e e e e e e e e e e e e e 1
2. WELDED JOINTS WITH BACKING STRIP IN STEEL
STRUCTURES -+« v o+ o e e e e e e e e 3

2.1 Welding Longitudinal Stiffeners of Steel Deck

Bridge -« ¢ s v e e e e e 3
2.1.1 Steel Bridge Deck Structure - - -« - - 200 e 3
2.1.2 Closed Rib Configuration - - -« -« - - - - - 4
2.1.3 Closed rib field welded joint - - - - - - - - - - - 6
2.2 Welding pipe structure with backing strip - - -« - - - 7
2.2.1 Pipe connection position - - -« - - - - e - - 7
2.2.2 Welding time in steel pipe structure -« - - - - - - - 7
223 Weld defects and corrective actions -+« - - - - 8
3. BASIC THEORY OF STRESS ANALYSIS IN FINITE
ELEMENT METHOD - - - -« = -« o v oo e e e e e e 12
3.1 Stress analysis in FEM - - -« -+ v 0 v oo oo e o 12

3.2 Fundamental of elasticity mechanics - - - - - -+ - - - - 13



3.2.1 Stress equilibrium equation - -« - ¢ - o - - - - - 13

322 Strain, displacement and compatibility equation - - - 16

3.2.3 Stress—strain relationship - - - - - - - - - - - 17
3.2.4 Boundary conditions - - -+ - - s e e e e e e e 19
3.25 Plane stress and plane strain + + - - = = -+« - - - 19
326 Stress-strain relationship » + « =« ¢« v 0 s 02t 21
3.27 Boundary conditions - - - - - - o s o oo e e e s 22
3.3 Two - Dimensional analysis -« += = = < = -« » 0= o v 23
3.3.1 Formulation of FEM - -« -+ » « -+ o 0 v e o 23
332 Two dimensional condition - - « -+« + « « - - -« - 25
3.3.3 Plane stress analysis - - - « « = - - oo -0 - 26
4. STRESS ANALYSIS OF WELDED JOINT WITH BACKING
STRIP - - - -« « v« v o v v v ot e e e e e e 29
41 Case I @ 80mm thick Unb - - - -+ -+« - 30

4.1.1 The relaticn between magnitude of misalignment
and SCF « « « v v o e e e e e e e 30
412 The relation between variation of root shape and stress
concentration = - = s s e s e e e e 33
4.1.3 The relation between root gap, backing strip’s
dimension and SCF - - - - - -+ - o000 e 36
42 Case II © 6.0mm thick Urib - - - - - - - -« -« 33
42.1 The relation between variation of misalignment
and SCF <+« = v o e e e e e e e e 28
422 The relation between variation of root shape

and SCF - - -+ =« o o e e e e 30

il



4.2.3 The relation between root gap, backing strip’s

dimension and SCF - - - - - = =« - o oo e e 40

5 CONCLUSION - - -« « v v v v e v o v e e e e e e e e e s 43
BIBLIOGRAPHIES -+ « « + + = « « o e e e e v e e e e e e e e 45
ACKNOWLEDGEMENTS =« - = = = - v v v v v e e e e e e 48

- i -



ILLUSTRATIONS

Figure Page
2.1.1. Longitudinal Stiffeners of Steel Deck Bridge - - - - - - - 3
2.1.2. The Transmission of Loads on Steel Deck Bridge - - - - 4
2.1.3. Standard Cross Section of Closed URitb = -+ - - - - - - 5
214. U Rib Arrangement =« « « « =+ =+« o 0 v 00 e e 5
2.1.5. Detailed Description of Field Welded Joint of U Rib - - - 6
2.1.6. Front View of Field Welded Joint of URib - - - - - - - - 6
2.2.1. Misalignment at Field Weld Joint in Pipe Structure - - - - 8
2.2.2. Backing Strip Inserted Inside Pipe Structures at Field

3.2.1.
3.2.2.
3.2.3.
33.1.

4.1.3.

Welded Joint Positions - « - -« -+« o - e e 0w 9
Element in Three Dimensional State of Stress - - - - - - 15
Plane Stress State - - - -« v 2 - e s e e s s e e e e 20
Plane Strain State - - - - =« o e e e e e 22

Nodal Displacements of Triangular Element in Plane Stress
and Plane Strain State - - - - - 2 - 20 e e e e 23
Element in Plane Stress - - - -+« = = = = 0 oo 00 e 26

Stresses Acting on the Wedge-Shaped Stress Element

in Plane Stress - = - = = = o s s e e e e e e e 26
. Geometry Represent of Eq. (354) - - « -« -+« « o o - - 28
Cross Section of Welded Joint with Backing Strip - - - - 29

Analyvsis Model and Stress Distribution According to the
Variation of Magnitude of Misalignment - - - - - - - - 31

Relation between Magmtude of Misalignment and



4.1.5.
4.1.6.

4.1.7.

4.1.8.
42.1.

422
4.2.3.

4.2.4.

4.2.5.

Distribution - - + + - - -

Root Shape and SCF

Relation between

Relation between

and SCF - - - - - - - -

Relation between

Relation between

Relation between

Relation between

Relation between

Relation between

Root Shape and SCF

. Discretization of Discontinuity Region and Stress

..........

the Variation of Root Gap

................

Backing Strip’s Width and SCF

Magnitude of Misalignment and

the Variation of Root Gap and

................

Backing Strip’s Width and SCF



TABLES

Table Page
2.1. A Proposal of Standard Welding Time for Steel Pipe - - - 7
2.2. Weld Defects -« - » - - -« s o e e e e e e e e e e e 10



A Study of Stress Behavior on Welded Joint with Backing Strip

Huynh Chanh Luan

Department of Civil Engineering, Graduate Schoo!

Pukyong National University

Abstract

The inaccurately assembly causes misalignment at field welded
joint of U rib of steel bridge deck. Thus, a backing strip is attached
to musalignment position so that welding can be performed under
overhead position. However, misalignment at butt-welded joints
induces bending stresses with the application of in plane loads only.
This stress concentration will have a detrimental effect on ultimate
strength and fatigue strength at the weld.

In the present study, finite element method is employed to
investigate the relation of stress concentration factor (SCF) at
discontinuity region to the variation of magnitude of misalignment, root
shape, root gap and backing strip’s dimension. Stress analysis is
conducted for 2 cases’ 8.0mm thick U rib and 6.0mm thick U rib.

It is found that stress concentration factor is not a constant, but
varies with the magnitude of misalignment, root shape, root gap and
backing strip’s dimension. The bigger the magnitude of misalignment
is, the higger SCF is. However, backing strip’s dimension has no

much effect on SCF
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CHAPTER 1

INTRODUCTION

The use of steel bridges has increased in recent years because
of their light self-weight, the developing of metallurgy and the
emphasis on aesthetic considerations. Moreover, long span steel bridge
emerges as an optimum choice for its advantageous such as light in
weight of steel bridge deck, high in duration and saves up much time
for constructing. Deck plate is reinforced by longitudinal and cross
ribs, then the co-working of deck plate and longitudinal ribs do not
form a high rigidity deck plate, is also considered as upper flange of
main girder. Furthermore, cross ribs have complex function which are
supporting to deck plate and working as cross stiffeners.

In long span bridge, open and closed section ribs are available
but closed section ribs is much more popularity to be used as
longitudinal stiffeners because of their high torsion resistance rngidity.
Owing to using closed ribs, the longitudinal loads are redistributed
uniformly, and we can lengthen the span of bridge. Beside, just one
side welding need to be operated on closed section nibs, less deposited
weld metal will be required and weld distorsion will reduce. In
addition, the U section 1s perfectly closed, thereby helping to prevent
any inner corrosion. Another advantage is that only the outer surface
need painting, so the painting area 1s reduced.

When we erecl a bridge, lower flange and webs are connected
by holts at first, then the deck plates relating to asphalt pavement are
connected by welded joints, finally closed ribs are done by either bolts
or welded joints. A long continuously welded joint somewhat causes a
misalignment of U rib connection.

When the misalignment occurs we can also connect U ribs by

bolts but bolts are stretched. When U ribs are connected by welded



joints, the misalignment creates an eccentric moment and position in
which welding is performed from the under side of the joint (overhead
position). The backing strips, which cause discontinuity, are attached
to misalignment positions so that welding can be operated in overhead
position.

In this paper, finite element method is used for stress analysis
and the design of welded joint of closed ribs in steel box girder is
covered by the design specifications. The stress analysis is conducted
on closed rib having 6.0mm and 8.0mm thickness while magnitude of

misalignment varies



CHAPTER 11

WELDED JOINTS WITH BACKING STRIP
IN STEEL STRUCTURES

2.1 Welding Longitudinal Stiffeners of Steel Deck Bridge
2.1.1 Steel Deck Bridge Structure

In figure 2.1.1, longitudinal and cross ribs are welded to deck
plate. Deck plate i1s directly subjected to wvehicle loads and then
transmits them to longitudinal stiffeners. Deck plate and longitudinal
stiffers do not only play a role as bridge deck but as upper flange of
main girder. Similarly, cross stiffeners do not reinforce deck plate but

also work as floor beam

Asphalt Asphalt

pavement == — pavement

| / b /é J ' %
= . T )/

/ / Tain o . / - / Main girder

U rib Main girder I nb / o

4//
- T
Cross beam ,L// Cross beam

(a) (b)
Figure 2.1.1. Longitudinal Stiffeners of Steel Deck Bridge
a) Steel Bridge Deck Using Closed Section Longitudinal Stiffeners

Deck plate

b) Steel Bridge Deck Using Opened Section Longitudinal Stiffeners

As shown in figure 2.1.2 a concentrated load P applied to deck

plate is distributed into two concentrated loads P1 and P2 at pont E



and F. Then, Pl is resolved into loads Pl’, P1'" at intersection of
longitudinal ribs and cross ribs (A and C). P2 is resolved into loads
P2, P27 at point B and D. Finally, these loads are transmitted to
main girder through points G, I, K, M and points H, J, L, N.

J\/ /
Main girder

Figure 2.1.2. The Transmission of Loads on Steel Deck Bridge

2.1.2 Closed Rib Configuration

A standard closed U rib cross section 1s described as in figure
2.1.3. Because the inner part is completely enclosed, a half of area
need prevented from corrosion. The torsion rigidity of closed U nb is
governed by its own shape rather than its thickness. Consequently, the
increasing of thickness doesn’t result in much change of section

properties.
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] W 300 € A < 340
B = A - (2H/4.5)
6<t=<38g
R > 5t

Figure 2.1.3. Standard Cross Section of Closed U Rib

According to domestic highway design criteria, the minimum
allowable thickness is 80mm, but the minimum allowable thickness
from 6.0 to 8.0mm Is sometimes permissable for economic efficiency.

To avoid breaking asphalt pavement off due to bridge deck
displacement, bridge deck rigidity must be large enough; the interval
between longitudinal ribs and cross ribs should be limited. However,
the smallest allowable interval between longitudinal ribs and cross ribs
is dependent on practicability of field welded joint and bolt connection.
As the result of that, the interval between longitudinal ribs in design
is often in range from 150 to 200 mm. Figure 2.1.4 shows longitudinal

closed rib’s arrangement.

al Y4 a3 b1 b2 al a2

AR A N R S A

[ ]

R WA A W

[ Welding: 150=b; , by=250 |

\Web

1

Figure 2.1.4. U Rib Arrangement



2.1.3 Closed rib ficld welded joint

Backing strip and diaphragm are attached to longitudinal rib at
field welded joint position. Then a short section of closed rib is used
to connect two ends of shop longitudinal ribs by butt welded joint.

Figure 2.1.6 shows a front view of field welded joint of closed U rib.

Diaphragm

i Y )
] il
n +
R N il " .. Backing Sl'l'lp
i 1
1 |l
] ‘\ i

5 [P°  Field closed Urib (L=330mm) 20 X

20
Tack welding

330,
Field covered Urib %

Figure 2.1.5. Detailed Description of Field Welded Joint of U Rib

Figure 2.1.6. Front View of Field Welded Joint of U Rib

,6



2.2 Welding pipe structure with backing strip

Steel pipe structures provide the most efficient cross—secticnal shape
under axial and lateral resistance ability. Because the number of
welded joints are in proportion to length of pipe structures, we should
increase factor of safety for field welded joint in steel pipe structures.
Moreover, another reason is the manual method of applying is used for
the greatest majority of pipe work at field than semi-automatic or

automatic method.

2.2.1 Pipe connection position

We leave about Hb0~80cm away from field welded joint of lower
pipe to make sure that the fitup of the joint is accurate. Then,
construction is kept going after checking welding quality. If after 1 to
2 minutes, the welded joint is cooling down below 300°C, it will be

less affected by harmful environment.

2.22 Welding time in steel pipe structure

We should reduce time spending on operating field welded joints.
However, field welded joints have much effect on strength of steel
pipe structures, we attempt to avoid weld effects as much as possible.

Table 2.1. shows appropriate welding time for pipe structures

Table 2.1 A Proposal of Standard Welding Time for Steel Pipe.

40~-50

40~60 50~70 60~ 80 140~160




2.2.3 Weld defects and corrective action

Many kind of weld defects may occur due to welding conditions
at field, so edge preparation, cleaning metal surface (remove rust or
organic, oil dust), checking welding apparatus condition and damp
electrode must be done before welding. Welding quality need to be
check so that serious defects are detected and replaced in time. Figure
2.2.1 shows misalignment in pipe structures when fitting up upper and
lower pipes. In figure 2.2.2, backing strip is attached to inside pipe
work at field welded joint. Weld defects, probable causes, and

corrective actions are tabulated in Table 2.2.

/, Misalignment

Backing strip Backing strip

Welding

Misalignment -.__

Pipe //;/—— Tack weld Tack weld —-

Figure 2.2.1. Misalignment at Field Welded Joint in Pipe Siructure



Figure 2.2.2. Backing Strip Inserted Inside Pipe Structures
at Field Welded Joint Positions

,9,



Table 2.2 Weld Dcfects

Lack of fusion

B L. Root opening too 1. Design root opening about
small 1~4mm
2. Welding speed too |2 Control welding speed
fast 3. Keep maximum current
Lack of 3. Welding current too about 450A
fusion low 4. Welding with torch angle
4. Improper torch angle about 20°~ 30
S N
Slag inclusion
1. Remove slag completely
e 1. Remove slag )
. 2. Increase welding current
incompletely .
. and control slag floating
2. Welding speed too
P speed
T low - :
-~ Shg |, Utilize forehand 3. Utilize back hand welding
x 3. Utilize forehan
I . . technique with torch angle
[ i welding technique o
e about 0—45
S
Und 1. Decrease welding current in
t
naer <t i range of 350~400A
1. Welding current too )
N hich 2. Keep torch angle in range
_ HE 0~15° and aim torch at
2. Incorrect torch angle .
JUnder cut: ) o bevel of upper pipe
for welding position _
~ 3. Contro} welding speed

3.

4.

Welding speed too
fast

Arc voltage too high

. Decrease arc voltage about

corresponding to deposition

rate

2628V

10 -



Table 2.2 Weld Defects (cont.)

Overlap
S —
. Welding current too )
. Increase welding current for
Overlap low )
5 welding faster
. Torch travel speed
. Increase torch travel speed
too low
B
Porosity
3 B 1. Arc voltage low 1. Resonable voltage @ 26 ~30V
. Welding over moisture|2. Clean weld area and keep
surface and foreign clean
Blow holel  material 3. Properly storage electrode
3. Damp electrode and use fresh dry electrode
4. Protruding electrode |4, Control electrode wire
wire too short protrude about 20~50mm
L
Cavities / Pit
. Damp clectrode 1. Properly storage electrode

—N—r

. jr Pit

. Welding over moisture

surface and forcign

material

. Improper welding

current and voltage

2.

~)

and use fresh dry electrode

Clean weld area, remove

rust and dust before welding
. Utilize correct welding
technique for electrode type

and joint design

- 11



CHAPTER I

BASIC THEORY OF STRESS ANALYSIS
IN FINITE ELEMENT METHOD

3.1 Stress analysis in FEM

The finite element method is a numerical method for solving
engineering and mathematical physics problems. In this method, a body
is divided into a finite smaller elements which is interconnected at
common points of two or more elements and/or boundary lines and/or
surface. In stead of solving the problem for the entire body, we
formulate the equations for each finite element and combine them to
obtain the solution of the whole body. The general procedure in a

FEM of an elastic problem will be illustrated in the following steps:

1. We divide body into an eguivalent system of finite elements
with common nodes. The choice of size and type of elements
used in finite element analysis depends on boundary and
loading conditions.

2. We select a displacement function with each element. The
function is defined within the element using the nodal values
of the element. Moreover, displacement must satify the
contuinity at common nodes of elements.

3. Strain-displacement and stress strain relationships are
defined for deriving the cquations for each finite element,

4. Then, from above relationship clement stiffness matrices are
obtained by using direct equilibrium method or energy method
ete,.

5. The individual element equations can be added togcther to
obtain the global equations for the whaole structure.

6. Now, we must apply certain boundary conditions so that the

12,



structure remains in place instead of moving as a rigid body.
Moreover, the applied known loads have been accounted for in
the global force rmatrix.

7. We solve system of n equations for the n unknown degrees
of freedom by using elimination method or iterative method.

8. Finally, stress-strain and strain—displacement relationship

help with determine structural stresses and displacements.

3.2 Fundamental of elasticity mechanics
3.2.1 Stress equilibrium equation

A point in a body is generally in three dimensional state of
stress. Figure 3.2.1 shows an infinitesimal cube having sides of
lengths dx, dy, dz in the x, vy, z directions, respectively. Stresses

acting on element are as following

{G}T:[axcyazrxyz—yz_rzx] (3.1)
Where
rxy:fyx: z—yz:sz’ T = T g
0. 0, 0, - actin direction perpendicular to the surface of
material

T m» T e T 2 act tangential to the surface of the matenal

In equation 3.1, subscript T means transpose matrix

I3

J x Ty T g x T,yx T
T=1 7, 06, T4 T = Ty 0y T g (3.2)
r

Z-XZ ryz GZ X2 4 A o Z

Equation 3.2 shows the state of stress at a point along with OXYZ
and OX'Y'Z’ coordinate system. The OXYZ and OX'Y'Z' coordinate

systems are related by the following equation:

,13 -



T=LTLT (3.3)

L my m
where L=11 my n (3.4)
Iy my ny
(5, mq, my), (L, my, ny), (I3, my3, ny) are direction cosines
and l,=cos{x",x), m;=cos(x",y), n = cos(x,z)
l,=cos(y',x), my=cos(y',¥), ny= cos(y’,2)
Iy= cos(2’,x), my=cos(z",y), n3=cos(z’,2)
There are three planes of zero shear stress exist, that these planes are
mutually perpendicular, and that on these planes the normal stresses

have maximum and minimum values. These normal stresses are

referred to as principle stresses.

The principle stresses are the three roots of the following relationship:

g, 0 T yx T oy
Ty Oy—0 T, |=0 (3.5)
[ T vz g.,— ad

Principle stresses are usually denoted as oy, 04,03 (0,20,=0;). We

have

h=o¢,+o,to.,=0,+0,y+03 _

_ 2 2 2
=00, to,0,vo.0,— 1, 1, — T
= 04,02+ 0903+ d40 (36)
Ji= +2 — ‘- :
3= 0 40 ,0 Ty T ye Ty O x T 32 Oy T »
_ 2_
Tz T g — 010203

_14



It follows from equation 3.6 that the coefficients/f,, J., /3 are

independent of coordinate systerns.
When we choose coordinate system having axes coincide with

principle stresses direction

{U}T:[Ul 09 0'3000] (3.7)

The differential equations of equilibrium for an infinitesimal shown in
figure 3.2.1 :

00, d1T, 0T 4 , —

dx T oy + 9z +X =0

oc, 9d6, 0

afxw St af;‘*ﬂf*:o (3.8)
A d 7Ty do, B

ax + oy dz +Z2=0 -

Where X', Y', Z' are components of bodyv force per unit volume

¥
G}
D/ C’
| .
AL dy »/r},z B’
! [ O x
| r ,
T oxz, -2 Tx
N A I S : - o,
| ' T o
'1 N T xz
Txya . [
R I X
L. 0 7 dx C
dz..m V. T oy
Ty
A 1 B
Z Gy

Figure 3.2.1. Element in Three Dimensional State of Stress

- 15



3.2.2 Strain, displacement and compatibility equation

Foliowing with 6 components of stress in equation 3.1, there are

also 6 components of strain

{e)T=[e, 6, €. T2 7y 7zl (39)

Where ¢, €,, £, are normal strain components

Txy» Vye» Yz Ar€ shearing strain components

When coordinate axes coincide with principle directions, we have
{E}Tz[é'?l eq €5 0 0 0] (3.10)

Similarly, the relation of principle strain to e, €y, €, Yy, Y320 Yz are as

following
L=¢e,te,te.,=e 1t est ey
_ o 2 2 2
L=c,e,reye,te,e .~ (ry+ rpoot v/
:6162+62£3+E3€1 (311)

—_ 2 2 2
]3_ €€ € z+(7,xy7 2l zx Ex¥ T € y¥ T £ 7 xy)/4

= E1€283

The strain at a pomnt can be decomposed info two components:

dilatational strain e, and deviator strain ey
(e} ={ep}T+{ea”
{ed"=[10/3 I/3 L/3 0 0 0]
{e p"=[e,—1/3 ¢ L3 e 3y Ve T

:[ € & Edy € iz 7xy 7/yz 7’zx]

(3.12)

16 -



Now, the small displacement of particles of a deformed body will be

resolved into components u, v, w parallel to the coordinate axes X, v,
z, respectively.
u=ui+ v+ wk (3.13)

where i, 7, & are unit vectors along x, y, z direction, respectively

The strain-displacement relationships are defined as follows:

e — du e = v e = o w
x ax’ O N z Jdz
_dv ou
Y oy —ax+may (3.14)
W o
y;z_ ay+ 3z’
_ du g w
7 e az+8x -

Six components of strain at each point are completely determined by
three components of displacement u, v, w. Therefore, components of
strain cannot be arbitrarily specified as functions ofx, y and z. The

strains are not independent of one another, and their relations are
known as compatibility conditions.

3.2.3 Stress—strain relationship

Hooke’s law shows the linear relationship between stress and strain.
For a three-dimensional state of stress, each of the six stress
components 1s expressed as a linear function of six components of
strain within the hnear eclastic range, and vice versa. We express

Hooke’'s law for any homogenous elastic material as follows:

{at=[dle}=[Dl e} (3.15)

,17



Similarly

{et=[c;{a}=[ClHo} (3.16)

[D] and [C] are symmetric matrices

In case of amisotropic elastic material, we have

e .= Ox Y 5. — V oz - _
x v z
E, E, E,
v g v
_ Vo y VYV
€y=""F 6.t E E 0= (3.17)
x v z
vV v g
E ,=—— Exz gy Eyz y+ EZ
x ¥ 2
. Txy . Tyz _ T a2x
Y x3= ny ,yyz_G—yzayzx_ sz B

In equation 3.17, there are 12 constants but the number of independent
constants are 9.

If material is isotropic, the number of independent constants reduces to
2.. Therefore, matrices [C] and [D] are expressed in terms of modulus

elastic E, Poisson ratio v.

VE -vl|E —Vv/E 0 0 ]
1/E —V/E 0] 0 0
. 1/E 0 0] 0
[l 200+ v)/E 0 0 (3.18)
2+ v/ E 0
symmetric 200+ v )/ E
1-v v % 0 0 0
1—v v {} 0 0
_ E 1—w 0 0 0
LI="5 =2, (1-20)2 0 0
(1-2v)/2 0
symmelric (1-2v)/2
(3.19)

18 -



3.2.4 Boundary conditions

We assume that external surface forces act on part S1 of the
boundary and displacements on part S2 of the boundary.
Denote the components of the surface forces per unit area at a point

under consideration as:

X=X,V =Y, Z.=7,; oS (3.20)

Yi=|t,y 1y 7({m (3.21)

Z, Tz Ty T2\ B

X, Ty T sz{ l}

in which /,m,n are the direction cosines of the external normal to the

surface of the body at the point under consideration

The boundary displacements per unit area are defined as follows:
u=u,v=0v,w=w: onS, (3.22)

The svstem of equations including equations of equilibrium and
boundary conditions is generally sufficient for determining the stress
components. In addition, if the stress components satisfy equations of

compatibility, this stress systemn is the correct solution of the problem.

3.25 Plane stress and plane strain

in some special load and boundary conditions, a body n three
dimensional state of stress can be approximately treated as in two

dimensional state of stress. Two dimensional state of stress refer to

plane stress and plane stramn

1()_



1) Plane stress

A thin plate is loaded by forces uniformly distnibuted over the
thickness, parallel to the plane of the plate. Thus, the stress

components in z direction (o, r,., 7,;) are zero on both faces of plate:
0., =T u=1T_4,4=0 (3.23)

And we assume these stresses are also zero within the plate. The
state of stress is specified by non zero stress components which are

functions of x and vy, only. This state of stress is called plane stress.

4y 4y

Figure 3.2.2. Plane Stress State

2} Plane strain

A long prismatic body subject to lateral loads and do not vary along
the length as shown in figure 3.2.3. At a certain distance away from
both ends, the components u and v of displacement are functions of x

and v only and w component is zero. Thus,

E.=V a= ¥ =1 (3.24)

Substitute equation 3.24 into equilibrium eguations, strain-displacement

relationship and compatibility equation:

20 -



(1) Equilibrium equations

(?GX+ a”“rX:o, dr, +do
y ax ay

Y —
g 7 +Y=0 (3.25)

(2) And strain—displacement relationships:

_du _9dv _du , Jdv
e =G e =Gy Y=gyt hy (3.26)
(3) Compatibility equation
d%e, dfe, 9ir,
8y2 + o oxdy (3.27)

3.2.6 Stress—strain relationship

1} Plane stress condition

e, =(o,—veo )IE, e,=(a,~vo)/E, v y=14/G (328

0 . E 1 4 0 € &

Or g, = ‘IT“T[ v 1 0 £y (3.29)
T xy v 0 0 (I-v )/2 Y oxy

We setg,,1,,, 7., are zero results in the follows:

yE O | (3.30)
o v
£ ,= liy(ex—i-ey)

2) Plane strain condition
Substituting (e, = () results in the {ollowing relationships for plane
strain condition:

e, =[((1—vHo,— v O+ v)o,l/E

gy:[(lvz/z)o},*zx(l+v)ox]/E (3.3D)
_ I
yxyA G
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Similarly,

) E SO l i )
0y = __ v 1 0 £ .
{TU} Foa-zg| 4 L (1~u)/2[7”}

Shearing stress Ty, = Tz =0
But c.=v(o,+ o, (3.33)

y y

RERBERRRRRRRRE

p P
e b bbd bbbt
Figure 3.2.3. Plane Strain State
3.2.7 Boundary conditions
o+ . m=X,, t dtom=Y, (3.34)

In the two-dimensional problems, the equations of equilibrium, together
with those of compatibility and boundary conditions, provide a system
of equations sufficient for determunation of the complete stress
distribution. It is shown that a solution satisfying this system of

equations 1S unique.
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3.3 Two-Dimensional analysis

We consider the triangular element, with nodes such as 1, ] and m in

figure 3.3.1

Yol o)

Figure 3.3.1. Nodal Displacements of Tniangular Element in Plane
Stress and Plane Strain State

3.3.1. Formulation of FEM

We select displacement function for each element as

6 .
— u(x’ y) = ¢ — . . l.
{Ax, v} = { olx. y)} [N]{s} [NzN,N,,,][ (3‘6;} (3.35)

Where [N] is shape functions matrix, functions of nodal coordinates,
{8} is nodal displacement of element e. 8, implies#; andw,

displacement components of node 7 in x and y directions. We assemble

nodal displacements of all of clements

{6Y=1[6,6,...6,1" (3.36)



We express the element strains in terms of the unknown nodal

displacements.
0u
c 0x
{E}=[ Ey}= %;’7 = [B]{s}° (3.37)
Tolow  dw
ay 0x

[B] is generally function of the variable x, v and nodal coordinates,
and [B] relates to N;, N;, N,

In the some cases, nodal strains primarily receive certain values due
to temperature or contraction. Stress-strain relationship for an elastic
body:

{6Y=1lo,0,rx,]"=1[Dl{ec}—{eo}) (3.38)

[D] is matrix containing material property constants

Total load system on an element e includes:

(o= [ [ JIMT(X3av+ Py + | [INI(Ts)dS (339

{1} Concentrated nodal forces {P}

(2) Equivalent nodal forces from distributed loads or surface

tractions
I JANIT(T, ) ds (3.40)

[N.] represents the shape function matrix evaluated along the

surface where the surface traction acts

{T.} represents the surface tractions

,24,



(3) Body forces
[ [ JimTixyav (341)

{X} is the body weight/unit volume or weight density matrix

Total load system relates to unknown nodal displacements {8}° as

follows:

{r)e=[k°{8}° (3.42)
where stiffness matrix [£}° of element e

(4= [ [ [1BT(DI(Blav (343)

We obtain the global structure stiffness matrix [K] and equations by

superposition each element stiffness matrix and equations

(K] = 2R 349
And {F}=[Kl{d} (3.45)
Where {F}= ﬁ:l{f}g (3.46)

We determine the unknown global structure nodal displacements by

solving the equation

{8} =[K]l Y{F} (3.47)

Finally, nodal stresses is determined by stress-strain relationship

(Hooke’” law)

3.3.2 Two dimensional condition

In case of two dimensional condition (plane stress, plane strain),
stress strain relationship is given by Eq 328 to FEq.333 And each

node has 2 DOFs-an x and a v displacement.



3.3.3 Plane stress analysis

Figure 332 shows normal and shearing stresses acting on a

rectangular plane stress element.
'y

O

Ty

Ty

Ox Ox X

Ty

Figure 3.3.2. Element in Plane Stress

We now consider the stresses acting on inclined sections. For this
purpose, we choose a triangular stress element having an inclined face

and other two side faces parallel to the x and y axis, figure 3.3.3

Figure 3.3.3. Stresses Acting on the Wedge-5Shaped Stress
Element in Plane Stress.
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We obtain equations of equilibrium by summing forces in x and y

direction
2H=0:06"dscos@ + r dssin€ — o, dy— 1 ,dx=0  (348)
2V=0: 0 dssin0 — r ' dscos @ — o ,dx— 1 ,dy=10 (3.49)

Substituting 7, = 7, dx=dssinf anddy= dscos@ into above

equation and eliminating ds.

Then (Eq. 3.48) + (Eq. 3.49) X sin8/ cos 8, we obtain:

6 = 0,sin’°0 + o,c0s°0 +2r ,,sin 6 cos (3.50)
And  (Eq. 349) - (Eq. 3.48) X cos @/ sin @, we obtain:

r'=—(c,— a,)sinf cos8 + r ,(cos’8 — sin’6) (3.51)

The stresses on an inclined section can be expressed in a more
convenient form by introducing the trigonometric identities:

2, 1 PN U
cos“f = 5 (1 + cos26) sin “0 = 9 (1 — cos20)

sinf cos 0 = %" sinZ2f

The equations become:

, oc,+t a T, — T, ) .
o’ = >+ x2 *cos280 + 7 ,,8m20 (3.52)

2
, c,+t a0, .
= 5 *sin2f + ¢ ,co826 (3.53)
The maximum and minimum normal stresses can be found by taking
derivative of ¢ with respect to 8 and =etting it equal to zero. The

equation for the derivative 1s

,2’7 _



do'[d0 =(o,.,— a,)sin28 + 27 ,,c0828 (3.54)

And
tan20 , = AR (3.55)
x 0y
1 ~1 Ty nr
0,= gtan o+ (3.56)

The angle §, has two values that differ by 90°, one value between 0

and 90° and the other between 90° and 180°. The two values of §, are
known as the principle angle.

We introduce the expressions for cos 2¢, and sin 26,

Txy

Figure 3.3.4. Geometry Represent of Eqg. (3.54)

cos 26,= LZ;-?"% sin 26, == —%ﬁ (357)

And substituting these expressions into equation 3.51, we obtain

1/2

to, — )

0 max = —(”2—6’ + [(—d"ijil) + 7 ;y] (3.58)
+ N R 1

am{niﬁﬁl“iﬁfﬁ)+ﬁ4 (3.59)



CHAPTER IV

STRESS ANALYSIS OF WELDED JOINT
WITH BACKING STRIP

80mm thick U rib is often used but case of 6.0mm thick U-rib
is sometimes acceptable to reduce weight of structures. In this study,
we define 8.0mm thick U b as Case I, and 6.0mm thick U rib as
Case IL

MIDAS program, which i1s a commercial structural analysis
program, is used and structural modeling is generated by 4 node plane
stress elements. We subdivide elements at discontinuity region and the
length of the model is chosen so that the effect of stress concentration
diminishes.

So we define stress concentration factor (SCF) as the ratio of

maximum stress to nominal stress, as follow:

max imum stress
nominal stress

stress concentration factoy =

Figure 4.1.1 shows cross section of field welded joint which is
attached with backing strip and misalignment of welded joint, root

gap, backing strip’s dimension.

Tack
welding

— o
ﬂBaeking stripr l ] IThickness

) A N A
U rib i % IMisaIignmenl Urib % 6.0,8.0
e T

f
Wetd
beadj A: Base metal
B: Weld bead surface

Root gap

Figure 4.1.1. Cross Section of Welded Joint with Backing Strip
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4.1 Case I : 8.0mm thick U rib

Stress  analysis is conducted with various root shape and
magnitude of misalignment due to construction error.

Also, in case of 2.0mm misalignment and right angle root, we
investigate the effect of root gap and backing strip’s dimension on

stress behavior.

4.1.1 The relation between magnitude of misalignment and SCF

We analyse stress concentration when root gap equals 4.0mm,
backing strip’s thickness equals 6.0mm, backing strip’s width equals
30.0mm and misalignment equals 0.0, 2.0, and 4.0mm, respectively.

A 8kgf-concentrated load 1s applied to end of model to create a
uniform stress equaling 1 }'Igf/mm2 in axial direction.

Figure 4.1.2. a), b) and c¢) show stress distribution corresponding
to 0.0, 2.0, and 4.0mm misalignment

Those figures show that stress magnitude at root of base metal
{(point A) is large and stress magnitude at surface of weld bead (point
B) is just a little smaller.

Figure 4.1.3 shows stress magnitude at point A and B when
misalignment  equals 0.0, 20 1o 4.0mm. When magnitude of

misalignment increases, stress concentration factor increases.
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SCF

| Broot of base melal
B weld bead surface(toe)

Ormm 2.0mm 4.0mm
Misalignment{mrm)

Figure 4.1.3. Relation between Magnitude of Misalignment and SCF
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4.1.2 The relation between vanation of root shape and stress
concentration

We analyse stress concentration for two cases when root shape
is right angle and semi-circle. In two cases modeling configurations
are as follows: root gap equals 4.0mm, backing strip’s thickness equals
6.0mm, backing strip’s width is 30.0mm and misalignment equals 0.0,
2.0, 4.0mm, respectively.

Figure 414 a), b) and c¢) show modeling discretization and
principle stress value in case of 00, 20 and 4.0mm misalignment,

respectively.

MIDAS/Civil
POST-PROCESSOR

e rr——————
PLN STS/PLT S5TRS

SIG-XX BOTH SIDE

32916e+000
026644000
72411e4+000D
421 58e+000
11905e+000
16528e-00%
-14000e-001
. 114732-001
- GO000e+000
-3.9%3582=-001
~6.961032-001
-9.98637=-001

QN LD =N

a) 0.0mm of Misalignment
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MIDAS/Civil
POST-PROCESSOR

PLN STS/PLT STRS

$IG~XX BOTH SIDE
3.26774e+000

2.943437e+000
2.62100e+000
2.29764e+000
1.97427e+000
1.65050e+000
1.32753e+000
1.00416e+000
&.80793e-001
3.57424e-001
0.00000e+000
-2.8931%e-001

HIDAS/Civil
POST-PROCESSOR

PLN STS/PLT STRS

S5IG-XX BOTH SIDE

2.84761e+4+000
2.5627%e+000
2.27797e+000
1.89316&+0D0Q
1.70834e+000
1.4235ze+000
1.13870e+000
8.538849e-001
$.69066e-001
2.84248e-001

0.00000e +000
-2.85388e-001

HIDAS/Civi
POST-FROCESSOR

SIG-XXX BOTH SIDE

4.62900e+000
4.168553e+000

3-74206e+000

3.29858e+000
Z2.85511e+000

2.41164e+000
1.96816e+000
1.52469&+000

1.0B812Ze+000

6.37747e-001

D.00000e+00k
-2.45%1%Re-001




MIDAS/Civil
POST-PROCESSOR

PLN ST3/PLT 5TRS

SIG-XX BOTH SIDE

7697 5e+000

4112384000

3.

3.
3.05272e+000
Z.69420e+000
2.33569e+000
1.977)7e+000
1.
1.
3.
5.
o,

61866e+000
2601 4e+000
01628e-001
4311Ze-001
00000e+000
-1.73918e-001

——

¢} 40mm of Misalignment

Figure 4.1.4. Discretization of Discontinuity Region and
Stress Distribution

right angle
W semi—circle

SCF

Misalignment{mm)

Figure 4.15. Relation between Root Shape and SCF

Figure 415, shows values of SCF at point A for nght angle and
sem circle root shape when misalignment equals 00, 20 and 4.0mm.
We can see that SCEF in case of nght angle is bigger than that in

case of semi circle.



4.1.3 The relation between root gap, backing strip’s dimension
and SCF

(1) The relation between root gap and SCF

We analyse stress conceniration when backing strip’s thickness
is 6.0mm, backing strip’s width is 30.0mm and root gap equals 2.0, 4.0
and 6.0mm, respectively.

As the result of analysis, stress magnitude at root of base metal
(point A) is always larger than that at surface of weld bead (point

B) for varied value of misalignment and root gap.

w 3.4

&}

¥ 335
33
3.25
32
315 -

| Broot of base metal
M weld bead surface(toe)

31 b
3.05 b

285 b

29 -

2.0mm

4.0mm

6.0mm
Roet gap{mm}

Figure 4.1.6. Relation between the Variation of Root Gap and SCF

Figure 4.1.6. shows SCF’s value at point A and point B when

root gap value is changed. It shows that the bigger rcot gap, the
bigger value of SCF. Consequently, we should reduce value of root

gap as small as practicable.
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{2) The relation between backing strip’s dimension and SCF

We analyse stress concentration for cases having root gap cquals
40mm, backing strip’s thickness 1s 0.0, 3.0, 6.0mm and backing strip’'s
width i1s 10.0, 20.0, 30.0 mm, respectively.

The same trend as of two previous cases are obtained. It means
that the stress magnitude at root gap of base metal {point A) is larger
than at surface of weld bead (point B).

Figure 4.1.7 and 4.1.8 show the SCFs at point A and point B
when backing strip’s width and backing strip’s thickness vary.

They show that backing strip’s width and backing strip’s
thickness have no sufficient effect on SCF. Thus, we should reduce

backing strip’s thickness and width as small as practicable.

Broot of base metal

SCF

Omm 3mm Bmm
Backing strip's thickness {mm)

Figure 4.1.7. Relation between Backing Strip’s Thickness and SCF
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§ o

,  Broot of base metal
mweld bead surtace(toe)

10.0mm 20.0mm 30.0mm
Backing strip's width (mm)

Figure 4.1.8. Relation between Backing Strip’s Width and SCF

4.2 Case Il : 6.0mm thick U rib

The stress behavior in this case is considered under the same
conditions as of case 1. A 6 kgf-concentrated load is applied at end of
model to create a unuform stress cqualing lkgf/rnm2 in axial direction.

The results obtained in case Il are consistent with those of case
I, they also show that the stress magnitude at root of base metal

(point A) is larger than that at surface of weld bead (point B) when

misalignment, root gap value and backing strip’s dimension vary.

4.2.1 The relation between variation of misalignment and SCF
As  shown in figure 421, 5SCF increascs rapidly when

misalignment value increases from 0.0 to 1.5, and 3.0mm.
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4-5 — —— S e ———
Eroot of base metal
" mweld bead surface(toe)

SCF

Misalignment{mm)

Figure 4.2.1. Relation between Magnitude of Misalignment and SCF

4.2.2 The relation between variation of root shape and SCF

Model’s configurations are as follows: root gap is 4.0mm, backing
strip’s width 1s 30.0mm, backing strip’s thickness i1s 6.0mm, and
misalignment values are 0.0, 1.5 3.0mm, respectively. We analyse
stress  for that model when root shape 1s either right angle or
semi--circle.

Figure 422 shows that in case of rnight angle root shape, SCFs

are larger than those in the case of semi-circle root shape.



Eright angle
W semi—circle

SCF

1.5mm 3.0mm
Misalighnment{mm)

Figure 4.2.2. Relation between Root Shape and SCF

4.2.3 'The relation between root gap, backing strip's dimension
and SCF

(1) The relation between root gap and SCF

We study stress behavior when backing strip’s thickness is
6.0mm, backing stnp’s width 1s 30.0mm and root gap value receive
2.0, 4.0, 6.0mm in turn.

Figure 4.2.3 shows that when the value of root gap is increasing,
the stress concentration magnitude 1S increasing.

Therefore, the value of root gap should be as small as practicable.
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w 35 et S T PO -
~ Broot of base metal L
B weld bead surface(loe)

2.0mm 4.0mm 6.0mm

Root gap{mm)

Figure 4.2.3. Relation between the Variation of Root Gap and SCF

(2) The relation between backing strip’s dimension and SCF

Stress analysis is conducted when root gap value is 4.0mm,
backing strip 's thickness are 0.0, 3.0, 6.0mm and backing strip’s
width are 10.0, 20.0, 30.0mm, respectively.

From figure 424 and 425 we know that backing strip’s
thickness and width have inconsiderable effect on SCF.

As the results of that, we should make backing strip’s thickness

and width as small as possible.
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~Broot of base metal
W weld bead surlaceftoe)

O 3.0mm 6.0mm

Backing strip’s thickness{mm)

Figure 4.2.4. Relation between Backing Strip’s Thickness and SCF.

u 4.5
8 s root of base metal .
W weld bead surface(toe)
BB b e e el

10mm 20mm 30mm
Backing strip's width(mm)

Figure 425, Relation between Backing Strip’s Width and SCF
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CHAPTER V

CONCLUSION

In this paper, stress analysis of welded joint with backing strip under
various magnitude of misalignment, root shape, root gap and backing
strip’s dimension i1s carried out. Through this analysis, the following

conclusions can be drawn:

(1) From the stress analysis results of case I and case II with
various magnitude of misalignment, they show that SCF at
surface of weld bead (point B) is little smaller than that at
base metal {(point A). Moreover, SCF increases when
magnitude of misalignment increases.

Although allowable tolerance refferred in AASHTO AWS
D15 is & aowabe=min(thickness/10 and 3.0mm), 1 suppose that
we should control misalignment ¢ less than 1.0mm  when

misalignment occurs at field in accordance with present study.

(2) For both cases, when root shape is right angle, SCF is
always bigger than that in case of semi circle. Therefore, we
should develope a welding method to obtain semi-circle root

shape at base metal.

(3) Stress analysis is conducted when the magnitude of
misalignment 1s fixed at 2.0mm in case I and 1.5mm in case II,
and value of root gap vares from Z20mm to 4.0mm, 6.0mm.
SCF decreases when root gap decreases. We should reduce
root gap as small as practicable.

According to AASHTO AWS D15, the minimum
allowable root gap is 1/4in (6.35mm); and to Japanese Highway

Bridge Code, root gap should be about 4.0-—8.0mm. In addition,



according to present study, 4.0mm root gap is acceptable.

(4) Finally, backing strip’s dimension has unconsiderable effect
on SCF. We should reduce backing strip’s dimension as small
as possible. Thereby, we can reduce weight and cost of

structure.
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