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Restraint Intensity of Weld Joints in Structural Elements’

Kunihiko SATO*, Kenji SEO**, Hiroyuki NAKAJIMA*** and Masahiro TOYOSADA***

Abstract

Weld cracking is one of the most important problems which influence the qualities of welds in steel constructions.
To evaluate the possibility of weld cracking, actual restraint intensity in weld joints must be known.

In welding steel constructions, the intersection of butt weld joints and fillet weld joints is often experienced and is quite
susceptible of weld cracking. At the intersection, it is usual practice to defer a certain length of fillet welds for preventing

weld cracking.

This paper presents a practical method of estimation of local restraint intensity in the intersection of butt weld joint
and fillet weld joint. In the method the authors introduce a concept of the effective width which gives a width, in the plate,
affected by the restraint force acting at the intersection. The effective width is decided by the dimensions of the joint and

the length of weld deferment.

The accuracy of the proposed method is verified for actual measurements of the restraint intensity in a butt weld joint
of a deck longitudinal stiffener of an actual ship and the results obtained from the _proposed method are very much close.

1. Introduction

Weld cracking is one of the most important pro-
blems which influence the qualities of welds in steel
constructions. One of the authors has been long

engaged in a fundamental study on the influence of

restraint in weld joints on cold cracking in the case of
a butt weld restrained between two restraints with a
distance [/ as illustrated in Fig. 1 (a). He proposes
two methods for estimating weld cracking susceptibili-
ty of weld joints; one is to compare the restraint
intensity of the actual weld joint Kac with the critical
restraint intensity Kcr, which is obtained from the
RRC test” > ¥ and the other is to compare the cool-
ing time in actual welding (#c),. with the critical
cooling time (¢c).,, which is obtained from the weld-
ment cracking parameter Pw®. For evaluating the
possibility of weld cracking by these two methods, the
actual restraint intensity must be known as it is a
parameter in these methods.

In welding steel constructions such as ships,
bridges, building frames, etc. restraint conditions as
shown in Fig. 1 (b) and (c¢) are often experienced.
When the welding of the butt joint is done after the
fillet welds, high restraint will be encountered at the
intersection of butt .weld joint and fillet weld joint.
The restraint is caused because the contraction of the

~ weld is hindered by plate I through the fillet welds.
In practice, a certain unwelded length of fillet welds 4
(called “weld deferment”) is provided to release the
high restraint force and thus to prevent weld cracking.
This paper precents a practical method to estimate the
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Fig. 1. Butt weld joint under restraint.

local restraint intensity K at the intersection of butt
weld joint and fillet weld joint, having a ‘weld defer-
ment 4.

The restraint intensity K of the butt weld joint in
tensile restraint condition shown in Fig. 1 (a) is given
by the following equation.”
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(60)

Where
P : restraint force per unit weld length (kg/mm)
As : elongation of base plate caused by restraint

force P, thatis, contraction of root gap of
weld joint (mm)
In other words, the restraint intensity K is defined as
the force per unit weld length required to contract the
root gap of the weld joint by a unit length.
The restraint intensity K of the butt weld joint in
shear restraint condition as shown in Fig. 1 (b) and
(c¢) can be determined by the equation (1).

2. Theory

The theoretical solution is derived by taking a
weld joint in shear restraint condition shown in Fig. 1
(b) as an example. The condition in Fig. 1 (¢) is
identical with the condition in Fig. 1 (b) by taking the
welding plate as plate 1 and the restraining plate as
plate 1.

At first, let us consider a semi-infinite beam con-
sisting of plates I and II as shown in .Fig. 2 (a), the
plates being fillet welded together. A tensile force P
is applied at plate I (cross-sectional area A’) and a
compressive force P at plate II (cross-sectional area
A") at the end as shown in Fig. 2 (a). The displace-
ment between plates I and II will be derived with the
following assumptions:

(1) the stresses in both plates I and II are elastic,

(2) at a section S—S, uniform force is acting in
plates I and 10,
only shearing force is acting in fillet welds,
fillet welds are in elastic condition and shear-
ing displacement is directly proportional
to shearing force:
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where
T : shearing force acting .on unit length of fillet

welds (kg-mm)
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D: displacement coefficient of fillet welds (kg
/mm-mm) B
We now consider the equilibrium of a small
element of length dx at the cross section S—S, a
distance x from the end as shown in Fig. 2 (a). The
equation of equilibrium of forces on the element:

dpP/

dx

dPXII
dx

I=-— 3)

and the equation of equilibrium of forces and bending
moments at the cross section S—S:

er _qu
M/ + Mx" —_ P;(”—F hr/)

4)
©)

where

P!, P" : forces acting on plates I and II at the
cross section S—S (kg)

M/, M. : bending moments acting on plates I and
II at the cross section S—S (kg-mm)

T, : shearing force per unit length action on
fillet welds at the cross section S—S
(kg/mm)

h', h” : distances from fillet welds to neutral

axes of plates I and II (mm)
And the relation between the radius of courvature
and bending moment is given by the following equ-
ations:

7 A ©
Mll

LM ™
pn EI

where
o', p”: radii of curvature of plates I and I (mm)
I', I" : moments of inertia of the cross sections
of plates I and I (mm"*)
E : Young’s modulus of material (kg/mm?®)

Since at the location of fillet welds, the radii of
curvature of plates I and II are the same as shown in

. 1 _ 1 : ’ ” ’ ”
Fig. 2 (b), T Since p’, p” > h', h
1

= # apploximately. By substituting the equations

(6) and (7) in (5) we obtain the following equation:

I
I +1r

M = ) UG LN /L0 W —

As the shearing displacement of the fillet welds at
the cross section S—S is equal to the displacement
between plates I and 1l at the section, the following

equation is given:
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« H’ o R—”
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where
0, : shearing displacement at the section S—S

(mm)
By differentiating the equation (9) we get the following
equation:

do,

P/

( lel h ’ h ”
EA’

)~ (—+t—)
E. A ¢

dx

By substituting the equation (3) in (2), the left side of
the equation (10) becomes:

do, 1

_ L ap

& D ax

and the right side of equation (10) becomes by employ-
ing the equations (4)~(8):

PR S ¢ SN I KN : |
Ear Ea” T T o E
1 1 (h/ +h//)2
X[ (—— —_— —_—
[( AI + A// )+ I/ + ]/! ]

Consequently, we obtain the following equation:

L
=t )

(W' +hn"y
I +I

1- P

The general solution of the equation (11) is as
follows;

Y A N Al N L J— - (12)
in which
D 1 1 (h' +h"Y
P O R SN UET S R
/X 7 [( o VG ) S ] (13)

Substituting the boundary conditions

:w, I)XI=O

to the equation (12), the following equation is given:

P! = Pe™¥% ;

from the equation (3),

(61)

(61

e —X/Xy

(15)

When %24, £1<0.018<1, therefore P’ can be
neglected. Thus, when the length of the fillet weld
joint is more than 4x,, it can be deemed as an infinite
length of fillet welds. The shearing displacement at
the cross section S—S becomes as follows from the
equations (2) and (15):

P
Dx,

X

s e"‘/"o_

(16)

The shearing displacement A,' between plates T and I
at the end by the restraint force P is given by the
following equation:

P
A = 5 = 17
b %7 Dx 1n
where
0, : shearing displacement at the end section

(mm)

Next we consider the weld deferment 4 and the
root gap G of the butt weld joint shown in Fig. 1 (b).
Supposing that a uniform force P acts on plates I and
II in the same way as the first case, the displacement
A" between plates I and I can be given by the
following equation:

P 4-G
E A

4
+ n )
A

A" = (18)

Accordingly the contraction of the weld joint by the
restraint force P can be given by the following
equation:

Ao =2(Ap" + Ap” ) -m-emmmemmmmmmmmmee e
the restraint intensity X of the butt weld joint in shear
restraint condition shown in Fig. 1 (b) and (¢) can
be given by the following equation:

1 4— G
K= P/(As Bw) = 1/[2B. {f ( 7

1
Dx,

31

where

B, : length of butt weld joint (mm)

Besides, when the bending moment by the
restraint force P can be neglected, the equation (13)
becomes
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Fig. 3 shows an example of numerical calcu-
lation of the relation between the restraint intensity K
and the weld deferment 4, where T = 0.5. The
restraint intensity K increases remarkably as com-
pared with the decrease of the weld deferment 4. 1t
is clear that the restraint intensity K is less when .he
bending moment is taken into consideration.

To confirm the accuracy of the theoretical solution
of the restraint intensity of shear restrained condition
shown in Fig. 1 (b) and (c¢), the following experiments
were carried out. As shown in Fig. 4, two types of
specimens were prepared; one was for the case in
which the bending moment by the restraint force
could be neglected (H-type specimen) and another
for the case in which the bending moment could not
be neglected (T-type specimen) with Y-shaped
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Calculated {neglecting bending moment)

Calculated {not neglecting bending moment)
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Fig. 3. Effect of weld deferment on restraint intensity.
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Fig. 4. Specimen design.
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groove and 2 mm root gap and the size of the weld
deferment was varied. The leg length of fillet welds
was 3 mm.

Then, the butt weld joint of the thus prepared
specimens was welded with 4 mm¢ illuminite type
electrodes; the welding conditions: 160 A welding
current, 22~28 V arc voltage and 150 mm/min. weld-
ing speed.

After complete cooling, the butt welded joint was
cut loose with a machine in the vicinity of the weld
and the shrinkage of the weld at that moment was
measured by means of a contact gauge to calculate
the restraint stress g, acting on the butt weld.

Fig. 5 shows the numerical values of the weld
deferment 4 and the measured restraint stress o,.
The values in the figure were calculated by the equ-
ations (13), (13") and (20) and the relation of o,=m-K”>
by taking 2-=0.5, m=4.5x10". The measured
values and the calculated values show considerably
good agreement, which suggests that the theoretical
solution is appropriate. In H-type specimens with 4
=15 mm, the measured restraint stress is low because
of weld cracking. It was considered that the restraint
intensity of these specimens would be higher than the
critical restraint intensity value of mild steel (Kcr=
1560 kg/mm-mm”).
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& 40
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Fig. 5. Relation of reaction stress vs. weld deferment.

3. Effective width

In the theoretical solution as derived in section 2,
the restraint intensity K increases in proportion to the
increase of the width 2B of plate II in Fig. 1 (c).
Consequently, when B becomes infinitely great, K
becomes infinitely great. In reality, as the shrinkage of
plate II is caused by the force transmitted through the
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fillet welds, it will occur only localy near the inter-
section of the fillet welds because the force acting at
plate II is not even but local along the fillet welds.
This means that when the width of plate II is relatively
wide the actual restraint intensity at the intersection of
butt weld joint and fillet weld joint will be much lower
than that calculated with the actual width.

In this section a consideration is made on the limit
of the width which affect the restraint intensity (named
“effective width”) when the width of plate II is rela-
tively great, as shown in Fig. 1 (c).

First, let us consider an infinite plate acted by a
shearing force Fdx’ along the x-axis at the origin, as
shown in Fig. 6 (a). The stresses of x-direction and
y-direction are given by the following equations:”

Fdx' Cos8
ox=—2 =% [ 3+ ) 4+2(1+v) Sin’6]
4rcr
Fdx
Oy = _Fa¢ Cos6 [(1—v)—2(1+v) Sin’ 6]
4y
where
Fdx': shearing force per unit length (kg/mm)

On the A—A line,

r=yJx"+ y’

Cos@

xl
— (x>0 )
r

Sin@ = i

r

so, the stress of x-direction on A—A line is as follows:

Fx'dx’ ?

y
Ox=—— [~ (+v)+2(+v) ——
x Az (x” + %) [=Gn)+20+y) x*+y

In the case of Fig. 6 (b), the stress of the x-direction
on the y-axis is given by the equation (22) by taking
x'"— —x’ in the equation (21):

Fx'dx' 2

y
Ox= ———— [(3+v)—2(I+v) —5—r
x 4z (x" + 1) (@B+v)—2(+y) P ]

(22

Also, for Fig. 6 (c), the same result as the equation
(22) is derived.

Therefore, the stress of the x-direction on the y-axis
in the case of Fig. 6 (d) is twice that of the equation
(22):

(63)

(63)
4 y y
ol . /’/iu . 0 ' _Fdy’,
ey | Fax’ - x'———>l
g (a) {b)
y y
Fdx' 0 . Fdx' 0 Fa
F—x’ — !<—— % —esle— % ﬁ.
(c) (d)
Fig. 6.
Fx'dx’ ¥’
OxX= """, "5, [G+vy—201+v) —T_z]
2w (x" +y7) x"+y

Here, we take the following relation derived from the
equation (14),

—B(x'—4
F=p. "
where
B=1/x,

the stress of the x-direction on the y-axis due to the
total shearing force of fillet welds can be expressed by
the following equation:

w  Pe PEDyr gyt ¥’
Ox= [ T [y 20— —
x f" 27 (x4 yh) [GHv)=2(+v) x?+ ]
Pe#d o e Px'dx 2
= 3+ — —2(1+v
2r L( y)f" x4y )y
oo e—ﬁx}c/dx’
X j;’ 12 + 2
y

The x-direction stress at the origin is follows by taking
y=0:

e B4

27

eh¥

(0)yeg = G+v) [}



(64)
Letting
Bx'=u
we have
o e~ Bx © e~
fd oy dx'=/[;4 du=— Ei(—u)
where

Ei: integral expornential function
Then, the equation (23) is expressed as follows:

84
27

G+v) (—Ei(—p4)}

(6, =

In the same manner, the y-direction stress at the
origin is expressed by the following equation:

Peb4

x=0 P

(0,) (v—1){—Ei(—p4)}

Therefore, the x-direction strain at the origin is ex-
pressed by the following equation:

1

(ex)y=0 = ?{(Gx)y=0_u.(a,v)x=0 }
Peb4 2 L
= Ak B+2v—v ) {—Ei(—B4)} ----(26)
Now, the total shearing force acting on the

portion of fillet welds can be expressed by the follow-
ing equation:

S Fax'=pPebt [ eB = Pry oo

Here, the effective width Beg is defined as half
the width of a rectangular plate which causes the even
strain (e),_, when the tensile force Px, acts on it,
as shown in Fig. 7 (a) and (b). In this manner, the
elongation of plate I along the weld deferment 4 is
estimated on a lower side and this means that the
restraint intensity is estimated on a higher side. This,
however, can be taken to be on the safe side in placti-

cal cases. Namely,
Px,
€,) . E: 28
( )0 2 Beq (28)

Substituting the equations (26) and (27) in (28), the
effective width Beg can be expressed by

Béq/xo =r,/[B+2v— ) {—Ei(—d /x,)} e?* ]
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Fig. 7.

In the equation (29), the effective width Beg is
derived from the strain theory. However, it can be
got from the stress theory, that is, by dividing the
total x-direction stress acting on the y-axis by (g, )=
as shown in Fig. 7 (¢). In the stress theory, the effec-
tive width Beg is given by the equation (31), using the
equations (24) (27) and (30)-

(o-.\')y=0 -2 BC’C[ = Px,

Beq/x,v=mn/[(3+v){—Ei(—d/x,)} e4/*

The relation between Beq/x, and 4/x, can be shown
as a graph; see Fig. 8

Fig. 8. Relation between Beg/x, and 4/x,.
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In equation (13), letting
A =2h"t
A" =2h" -2Beq
_hm”
"3
I — 4Begh"
3
we have
y _/ﬂ{( L1 L4 3+ 4" }
N Yot T 4" Beq' | 2th"+4 Beqgh”
------------------ (32)

This equation indicates that the effective width Beq is
determined by the dimensions of weld joints.

The theoretical solution so far obtained gives the
average restraint intensity of the butt weld joint in
shear restrained condition but the serious subject is
the local restraint intensity of the butt weld joint at
the intersection of the fillet weld joint where weld
cracking sometimes occurrs in practical welds.

So, for this problem we propose the following
hypothesis; )

“Even if the restraining force by welding acts on

the butt joint, the restraining force which gives

much influence to the local restraint intensity at
the intersection will not be the remove force but
the neighboring. Therefore, further expanding
the concept of the effective width we assume an
effective width Begq for plate I too which is the
same as the value calculated for plate II. It is
assumed that only the restraining force whithin
the limit of the effective width of plate [ affects
the restraint intensity at the intersection.”

Then in the equation (13), letting

A’ = Beg-t
A" =2h" Beq
] = —— Beq’ -t
12
Iﬂ 4 B hu3
= —— Be
3 q
we have
D 1 1 (Beq /24 h")?
Vo Ry L
/%o £ Gea:  an ped Lo it
—_— eq t — n3
12 3 Peah
----------- (33)
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4. Experiments with actual structure

To evaluate the theoretical solution, measurements
of actual local restraint intensities at the intersection
of butt weld joint and fillet weld joint were taken in
an actual structure. It was a deck longitudinal stif-
fener with a butt weld joint, located beneath the
upper deck of a 230,000 DW-ton tanker under con-
struction; the weld deferment length of the fillet welds
connecting the longitudinal to the deck plate was
varied (see Fig. 9). The consumable nozzle electro-
slag welding method (CES welding method) is used to
this kind of joint; a 25 mm¢ hole is made in the deck
plate right above each butt weld joint of the longitudi-
nal for the nozzle. The butt weld joint of deck plates
was welded with 3-layer shielding welds to prevent the
displacement of the deck plates accompanying the
shrinkage during the CES welding. High restraint
intensity being presumed, a 35 mmR scallop is pro-
vided, as it is shipbuilding practice, at the upper end
of the joint, as shown in Fig. 9 (b). The neighbor-
ing longitudinals on both sides of the test longitudinal
being welded together in advance, the measured butt
weld joint was considered to be in a most severe re-
straint consition.

The tests were conducted by pulling the joint by
means of oil jacks. The actual restraint intensity was
calculated from the shrinkage of the gap and the ap-
plied force, both actually measured. Restraining
fixtured were installed to pull the. joint and crip
gauges to measure the shrinkage of the gap (see Figs.
10 and 11). The fixtures were on 6 positions near the
joint, 3 positions on either side of the stiffener and the
oil jacks were arranged to get an equal pressure. The
pressure acting on each jack was measured by a pres-
sure gauge. Fig. 12 shows the -arrangement of the

~ after 3 pass
manual weld

¥

‘\\ after CES weld
N3
NS

deck long

<
23:2

measured joint
* after CES weld

»25¢<— |
- r__‘ .
deck il

deck long

Fig. 9. Measured position of butt joint of deck longitudinal.
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fixtures and the clip gauges.

As shown in Table 1, the measurement was
carried out the same joint by varying the weld defer-
ment 4. The fillet welds were made with 6 mm¢ low
hydrogen type electrodes (50 kg/mm®), with a leg
length of about 8 mm. At both ends of the fillet
welds 3-axis strain gauges were affixed to check and
keep the pressure loading within the elastic condition
of the fillet welds,

Fig. 13 illustrates an example of measurement
for the case of 4=100 mm. Fig. 13 (a) shows the
distribution of the gap shrinkage and the force value
in the figure means the force per unit joint length
which was calculated by dividing the total load of the
oil jacks by the butt joint length (450 mm). Fig. 13
(b) shows the distribution of the local restraint
intensity which was calculated depending upon the
values given by Fig. 13 (a). At the top of the butt
weld joint is a high restraint intensity value.

(66)
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Table 1. Weld deferment.

| Ax L A2
test No.~~_ ;. (afterward) | (forward) 2A
1 300 (MMIT  gg5 (MM 3465 (MM)
2 150 150 300
3 100 100 200
4 46.5 46.5 a3
| 2A i
A1 A2
||||||| J
0 0. 1
’7_0 o starboad side |
o portside
z 10| =\o £ 100
£ | £
:: 200 - ’ :% 200 -
] 1 29.5 Kg/mm S
© °
5 £
= 300 | iR = 300
8 | é © starboad side
a w00 | a 100 o« portside
0 011 0.2 0.‘3 04 05 Q 200 400 600 E[‘)O 1000

Contraction of gap (mm) Restraint intensity K (kg/mm.mm)

(a) {b)

Fig. 13. Contraction of gap and restraint intensity (4=100).

Fig. 14 show the relation between the weld
deferment 4 and the effective width Beg calculated
by applying the effective width to the deck plate and
the logitudinal plate. For the sake of convenience, Beq
was derived from the strain theory and %=0.2

was employed.

300 T

(neglecting bending moment)

200}

- (nst neglecting bending mcment) b

Beg (mm)

100} —

& (mm)

Fig. 14. 4 vs. Beq.

2000 T
" L L2Beq .
P -
r ] L 1
g/.(
oo™ 4
\ 23 30 |
> T
- . Caleulated (neglecting bending moment}
\ Calculated

\ not neglecting )
- ~"\bending moment
>‘\

/ .

1000+

Restraint intensity K {Kg/mm-mm)

0 100 200 300
Weld deferment 4 (mm)

Fig. 15. Effect of weld deferment on restraint intensity.

Fig. 15 shows the relation between the local
restraint intensity at the intersection and the weld
deferment. The values in the figure were calculated
by the equation (33), employing the Beq in Fig. 14. 1t
shows that the local restraint intensity decreases as
the weld deferment increases.

Because of the fact that the effective width was
taken on the safe side and the assumption that uni-
form force acts in plates I and II, the calculated
values of the local restraint intensity are considerably
higher than the measured values. However, the pro-
posed method will serve satisfactorily in estimating the
local restraint intensity of weld joints in connection
with the susceptibility of weld cracking.

5. Estimation of restraint intensity in structural
members

In section 4, it was learned that the theoretical
solution of the local restraint intensity, which intro-
duced the concept of the effective width, would give
slightly higher values than the actually measured ones.
Therefore, in the evaluation of the local restraint inten-
sity of the weld joint in actual structural members with
regard to weld crack susceptibility, the theoretical
solution can be applied on the safe side.

In this section, we try to apply this consept of the
effective width to a general shear restraint butt weld
joint and to derive a general equation for estimating
the local restraint intensity at the intersection of butt
weld joint and fillet weld joint. In introducing the
general equation, the bending moment by restraint
force and the root gap of the weld joint are neglected.

Let us consider the following geometry for the
joint:

D _
E “
A’'=a, Beqh,

A" = a,Beq h,
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h,

Tzﬁ

where
a,, a,: coefficients of effective width with respect
to plates I and II (=1 or 2) .
h,, h,: thicknesses of plates I and II (mm)
then, the equation (13’) becomes as follows:

where

J=puJ,

a,

The theoretical equation of the local restraint intensity
is derived as follows:

Ko=Ep/Qa, B9y o (35)

Xo

K=K,/(+ XA)=E,u/{2al -{%"-(H —)1 --(36)

0 Xq
where
K, : the local restraint intensity when weld defer-
ment 4=0 (kg/mm-mm)
Consequently, the local restraint intensity at the inter-
section of butt weld joint and fillet weld joint is

Vol. 2, No. 1 1973

calculated by the values of ¢, — and Beq

are decided by the geometry of the _]Oll’]t For ex-
ample, when these values are calculated by the
equation (29), or (31):

, which

4
— =d
Xo
B
Beg _,
Xo

substituting these values in the equation (34),
following relation is derived:

R —
A
That is, among these values, —xA— , %’, and hi J

there is a correlation, and if one of these values is
decided, the others are settled naturally. Figs. 16

ar;d 17 show the relations of = A Bxiq , qu, IEZ' to
e J, i e. the local restramt mten31ty K is obtained
readily from the values of —— J using Figs. 16 and 17.
There is almost no dlfference in the local restraint in-
tensity whether the effective width Beg is obtained
from the strain theory or the stress theory.

Fig. 18 explains how to choose the coefficients
of the effective width a, and a, in actual application.
The suffixes 1 and 2 are fixed in the following manner:
1 for plate I on which tensile stress acts owing to the
shrinkage of welds and 2 for plate I on which com-

T T T

Beq _ T X0
X ('3*21)—1))
° r—— )
Jeudy
a1
dyo= (1 +—=)/ar
az2f

B8 = ha/m1
u = D/E

15 20

vs. — - J{strain)
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S ; 1.5
6 \— T
-
Beq 7 e Yo
xo  (3) {__E,_ - _A_)}
5 o B
J=u-dh
ar
Ju = (I+ a Jat
8 = ha/h Beqg 1.0
4 u = D/E o
3z
5\5 3 4 - N
& X0
als
‘ als
5l -105
Beg.
Py
ke —_
1
2a1
e
4] I L | I 0
0] l 5 10 15 20
iy
—_— J
h
4
Fig. 17. A—,—B-EQ, Beq vs. — J(stress).
X0 X 4 h
pressive stress acts owing to the same. Concerning Fig. 19 illustrates the relation between Ka,
. . . h . . ~
the values of the coefficients of the effective width a, and -ﬁ based on the effective width from the stress
1

and a,,lis applied when the fillet welds are located at
the edge of plate and 2 is applied when they are
located in the middle of plate.

6

(@), (b) ; a; =1, ap = 2

. (), (d} ; a1 = 2, a3 =1

Fig. 18. Example of weld joint restrained by shearing force through
fillet welds.

theory in the cases of = % and )a=:13~ :

Naturally,

the local restraint intensity becomes lower as the u

value becomes lower.

4000 T T

ity «, K (Kg/mm-mm)

hy
&,

Fig. 19. Restraint intensity at the intersection of butt and fillet Joints.
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Table 2. Restraint intensity of the weld joint in steel construction (a,=1)

type of steel location of plate thickness Coiffi.(:ifnt of restraint intensity *
restrain
construction weld joint hy (mm) K, (Kg/mm?.mm) | K (Kg/mm-mm)
side shell 20 44.3 890
bottom shell 28 24,7 690
bottom shell 28 26.1 730
ships®
bottom shell 28 28.0 780
upper deck 32 39.9 1280
upper deck 32 38.2 1220
pillar & beam 12 40.8 490
building”
frames pillar & beam 28 39.0 1092
pillar & beam 34 18.5 629
bridges ¥ flange & diaphragm 40 — 600

note * K = Kohy

2000

=1 ' i ' !
ships (6

building frames 7’

bridges +)

authors' measurements

o0 DO T

ad = 50 =

©o

A = 100

Restraint intensity K (Kg/mm.mm)
O
.

0 1 ! 1 ! I L 1 L -
0 5 10 18 20 25 30 35 40 45
Plate thickness k, (mm)

Fig. 20. Restraint intensity of the weld joint in steel constructions.

Table 2 gives a summary of publicized past data
of actual measurement of thelocal restraint intensity
in the intersection of butt weld joint and fillet weld
joint in structural members. Fig. 20 shows a graph of
the past data and our measurements. The calculated
values in the figure were computed on the condition of
u= 71;- The plotted points in Fig. 20 shows that the
proposed method can give satisfactory results.

Thus, by applying the effective width to plates I
and II, the estimation of the local restraint intensity in
the intersection of butt weld joint and fillet weld joint
which has been thought hitherto -almost impossible,
will become feasible.

(70)

6. Conclusion

For dealing with weld cracking in structural
members, the general equation of estimating the local
restraint intensity at the intersection of butt weld joint
and fillet weld joint has been derived in the following
manner.

(1) The theoretical solution of the restraint intensity
in the butt weld joint which is restrained by shear-
ing force in the fillet welds having a weld defer-
ment 4 is derived. (equations (13), (13’) and (20))

(2) For the case in which the width of restraining
plate is wide and great, the concept of the effec-
tive width is introduced. The effective width Begq
is much influenced by the length of the weld defer-
ment 4. (equation (29) and (31))

(3) The concept of the effective width is further ex-
panded to the welding plate to derive an equation
for the local restraint intensity. Thus, the general
equation of rough estimation for the local restraint
intensity at the intersection of butt weld joint and
fillet weld joint was derived. (equation (36))

(4) To confirm the accuracy of the derived general
equation, actual measurements of the restraint in-
tensity were made of a butt weld joint of a deck
longitudinal stiffener of an actual ship. The
results are sufficiently satisfactory. (Fig. 15)



Restraint Intensity of Weld Joints in Structural Elements an

References

1) M. Watanabe, K. Satoh, S. Matsui; “Effect of Restraint on Root
Cracking of Steel Welds” LLW. Doc. IX—409-64.

2) K. Satoh, S. Matsui; “Reaction Stress and Weld Cracking under
Hindered Constraction” T1.1.W. Doc. IX—574-68.

3) K. Satoh; “Preheat and Restraint versus Weld Cracking in Steel
Constructions” Trans. of J.W.S. vol. 1, No. 1, (1970).

4) K. Satoh, S. Matsui, Y. Itoh, K. Bessyo, R. Sakurai, S. Takahara;

(7

5)

6)

7

“Determination of Preheating Conditions to Avoid Weld Cracking
in Steel Constructions” LI.W. Doc. IX—730-71.

S. Timoshenko, J. N. Goodier; “Theory of Elasticity” The
McGRAW-HILL (2nd Ed.) 112-116.

S. Terao, T. Saito, Y. Ito; “Research on the Cross Joint of Fillet
Welding and Butt Welding” Jounal of the Society of Naval Archi-
tects of JAPAN, No. 110, 455-471 (1961). (in Japanese)

H. Nakayama, M. Matsumoto, M. Inagaki; “Restraint on Wela
Joint of Steel Frame of Building” Preprint of Spring National Meet-
ing of the J.W.S., No. 6, 107-108 (1970). (in Japanese)



