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A DISCUSSION OF TENSILE RESTRAINT STRESS AND RESTRAINT

COEFFICIENT OF FILLET WELDED JOINTS TACK-WELDED
ON BOX GIRDER SECTIONS

SRR A
By Akio ITOH and Noboru WATANABE

The tensile restraint stress and restraint coefficient of fillet welded joints tack-

welded on box girder sections are analyzed by the displacement by spontaneous expan-

sion from weld heat input on diaphragm webs or ribs, and rigidity ratio of the di-

aphragm web and flange or rib and flange. The results are sumarized as follows: (1)

The restraint coefficient (Ry) is directly proportional to the load distribution factor

determined by the rigidity ratio of diaphragm web and flange or rib and flange. (2)

The restraint coefficient (R,,) of a diaphragm web is almost constant regardress of the

position, but the restraint coefficient (R,,) of a rib at the end of a welded line is about

3 times that at the center of a weld line. (3) The tensile restraint stress of a rib at

the end of a weld line sometimes exceeds 70 kgf/mm?,
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Fig.6 Finite element mesh division of diaphragm web and
1ib due to obtain the displacement by heat input ( T,)
at the center of weld line,
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Fig.7 Example of finite element mesh division of rib due to

obtain the displacement by unit load at the center of
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Fig.8 Example of finite element mesh division of flange
due to obtain the lateral displacement by unit load
at the center of weld line,



222

X (11) T u SEERGE (CCT), To IHERAMRRE
DEELEBORE (°C), ¢ h#h (cal/g-°C), 9B
g (Rad), H, @ HBEEZ (AW 374 FRIBERE
OBWET7—-7EICRLT (1.4~1.9) X 10%al/g"?) <
H5. EZATRHIROGHMBE CIHREORE <HINY 5
BEE, BRORBICEVRELDLEIATHSETY,

FRTANTEXET), 13) 2B L TRROKE
IS THHEDO K E <HEMT 5L EDREZRD LD
EHHIEWRLTH. BIEOWES t, & LT

T,=300°C, t,<20 (mm)

v=1 500°C, tw=20 (mm) ..................... (12.b)
E55H. O T X (11) ODEEREZMOBEOH%E
HOTmOE4A2KRDDIEITTEHH, pd& c TBERK
FHNH B, LV THHBE IS m DfE&KS
5L BBBREERICTADT, T, HER (20°C)
IETHETCOREHEBICE TS 4, cDEZHNS
ZEIT A T bER (12-3) OFE, £=1.11X10"°
°C™', ¢=0.12cal/g-°C, =& (12-b) DHFaH, w=1.23
X107%°C™Y, ¢=0.15cal/g-"C &4 5" F1220=n
/2, H,=1.60X10%cal/g & LT m OO &I
%5,

m=0.022, tw<20 (mm) ......................... (13.3)

Mm=0.049, 1,220 (mm)----oeeeoenenes (13-b)

INnHD m OfEn S (10) O R AFHST D&,

Rr=45.454 ¢, (kgf/mm?) $,<20 (mm)---(14-a)

R,=20.408 o,, (kgf/mm?), §,=20 (mm)-- (14-b)
&I,

5. HUESEMISLUEE

T ORM BRI XS5 EENRIST, BREOHE
E, FOES2b %50 mm, Fig.1 (a) Do #%
350mm & L€ Fig.1 (a), (b) ® A, L, H4EA%E
AIBEITOWVTIT - 1.

BiOoEa H, BEROEI2AFHBELELT
Fig. 1 IZ/R 3 #8450 A Bz & 5 B0 H HIEAE 2 467143,
Fig.6 K/RT LD Xy Yandizts FEM ¢alB T
5&, FIQ.QILRT L) iR EN B,

Fig.9¢ (a), (b) &L FERISBNOBERP R, K

~— HEAT INPUT AT THE CENTER
WELD 1M
o OF WELD LINE % of

- HEAT INPUT AT THE END
OF WELD Line

— HEAT INPUT AT TME CENTER OF
WELD LINE

- MEAT INPUT AT THE END OF

Rib
Fig.9 Displacement (&,) by spontaneous expansion of plates
by heat input ( T,=1500°C).

(a) Diaphragm web (b)

ik - 9D

BEROBEROEE (Fig.1 OXEO@F 1d@r 5
d=50mmé& U WA KENEFhBEEART, =
1500°C ER L 2 85& 7 kb T .

WIZK (4) O AD by, ki EEROBERPRE 5
BT, SHRRPIANY 776927 E)TETCRES
Ens., $E¥F5AXYTIL Y TICHET S ki3, 7
SYVORES LICYERFTCIREAEIAYT7T T4
TOEE H EWEIR, £#FONBICL0EE 5.

Fig. 1013, BERTRB LURBTOIA YT 7 4
Y2 7T B kw % Kwe, Kue EEDLU, BIRE tw D
BIMELTRTHLDTH B,

DTICEEY B ke ld, 7T vV AIGEREGETY T
OEE HEWE, #FOMNELVEES. Fig. 1113,
BHRPRE L OWRETDY) I 5 ky % Kie, Kee
EEDLURE 1y OBBRELTRT LD TH 5.

$72, 79 VICET 5 b WRHRO & S I3 ERE
TT7IvIEAEES L, $R#TOMNMBEICEVESE
5. Fig 124, 4% 79 59« 7OEERPRE N
HO75 v VIETS k% Keey, KeeEEDLT TV Y

K| Kue e

1ol 2000w T K

Fig.10 Spring constants Ky Spring constants Kgc

and Ky of diaphragm
webs at the center and
end of weld line of
diaphragm webs.

and Kg; of ribs at the
center and end of

weld line of ribs.

T3 — T — Kee
100 ek 201100 --e-kee
=t re . .
E - :
gl L& - .
g L N 230
5.0~ 1050
L ¥ L s
- Assg™ b
L 18 L o
T
NN | P T
o] 100 200 0 100 20
Ltem) Lem)

Fig.

12 Spring constants Kgc
and K of flange at
the center and end of
weld line of diaphragm

webs.

Fig. 13 Spring constants Krc

and K. of flange at
the center and end of

weld line of ribs,



FENTIATIAD 4 ARAST 13 158 2 N BETIR B T O 5 RIS N6 K OB DV TO—FE 223

Hi-OBBELTRTHDTH 5.

Fig. 13 14, V) 7 OB HEMPREWEHD 7 7 v JICH
Bk % Keey, Kie EXDLT7 5V VE E DBEKE L
TRTLEDTH 5.

—J, N A(5) Do/ds DN, 54X T 6927

DBEERE R LR EITELT, Y70 ZMomE
B TDIET 00 LEN 6, OHE LT Fig 14 1R L,
[FAREIC Y 7z v T Fig. 15 10K 9.

Table2 (1)~3 (2) WENE, BROSSIOEL
2L RIS 0w, WHRERE Re /s & OFTEHRT
»5B. Table2 (1), (2) BZhENRHRDE X% 30
em B LU0 E L EEDIA YT Ty T, &
fzTable3 (1), (2) WENFNRIROE S % 20 cm
BLEUHmELLEZDY TOBEERTLDTH
5.

g4, Table2 (1)~3 (2) THhTFOMEERT C
BLRUOE S ZhENMPEPBREMRPREGETICH D
LEEDT.

Fig.16 (1), (2) @ Table2 (1)~3 (2) ®D A&
Rr CLOBFREXRDLTLDTH S, ThHDFHEHN S
R &, RN YA XY T T 69 27, ) Tiilpbnd
BBEOCAAMCHBT B E0DN 5B, Ru & A& OBR
W, RN HEIC LR D AL LB,

Rro=110- 4 (kgf/mm?/mm) -oeeerermceonnenee (15)

X (15) ORERE Fig.16 (1), (2) KA TRDY.

Rr D OFREFTORAMBEEONTH, F4Y7 5

—x-ar2
—-aex=59N

Fig.14 Ratio (g,/8) of stress and displacement by
unit load at the center and end of weld line

of diaphragm webs.

& (gymmmm)

Lem
Fig.15 Ratio (g,/8,) of stress and displacement by unit

load at the center and end of weld line of ribs.

Ly 57 T 108 kgf/ mm¥/mm S5 ), £/ AN0.7 &
A A& 100 kgl/mm?/mm % 2 5.
RMROSEDOEMIZEY R WEDEHITEDL L%
HHL, FAXYTITLY T2 Tk Table2 (1),
(2) hodbE0EETIELVN, ) TIZO>NTIEY 7
ESPNEDNFEANNEL LEHAICH Y, Table3
(1), (2) IZmRFLHIT ty, EPEDHIC 38 mm Tk
THRERPRICHBBED EHC, R DEXPHE
2D I ENDh .

Table 2 Tensile restraint stress (gy) and restraint coefficient

(Ry) of diaphragm webs.

(1)
o] 3 s G TG Crepnep O Kreun)[Car)]  Kigor)  Frefheeting?
¢ " i
tle TRl A|L|H 3 /E/ds Kae | Kac | Kue | Kwe | A ] G Mo Re Ry
29)140) o18[ 130 1,67+ 10°] 0039] 091 a1 a
of fi0,100100 ¢ [30| ¢18[ 138 , ao3g| 095 |ooz2| 45 .
s J200] 09| 138 [ 037| 0.87 44 .
70]190) 0.25] 102 152107 084 58 3
o 109 s | 030) £ (B : 689 | » 5] q
s l2oo] 1 030 88 120 7 s & 287 i 3.
70[140 018|130 (6.952369 133108 17.37 786 97
of |838|w 14| org| 138 {60 . 9 | | e |
s l2co|  Jois| 138 f658 1801 868 | 108
701140 025{ 102 152<35 352.1040.103[17.92 gia | 101
of + |09 ga0l 88 1.26 280 + (0711 (1877 | ¢ | 853 | 108
5 * loco 30| 2 18, 105 _
70140 24. Tz
o 25,25 100 4 [+ 21 20
200 25 21
760140 5
of 5 1iod .| s 9
- 200 8
70140 24
o} (3828100 » 5
! 12004 2
] 140) 2
of + lwa » q
* [200) 2
(2)

JCnm) [ccmjtemaficms|tmim) [Chaymary] (kg mn)lCkgs/mm) kigh/mm ) [(kghe mm ) Kgt/mm) gt sgtymnd)
POINTY mm
Ele T A LIH] O V;‘[/},s Kae | Kac | Kue | Kuc Reo
- 70[1301 018 Tead 00w 3
o| [o.0f100f » a0} Q18 g : b

. s 200 ].019 s 1.
79[1a0 0.2: 5505104 0. ?
of 2 p 4| 02 4.70 + 2
02 o 2|

70[1a0 0.1 1.40x1 91

El 8,381 . Q.1 3 > 162
2 Q.18 % ) d oz |
BREEEELE 9 5 4.40404 0. 9
o & ool || Q 396 ¢ 77
200 . 3 .20 ¢ A X 76

o[t~ X 5. 4.40- :g

P (A 5 A 3 9

of |eiem09, ! 32 o : " 3 S
ofrag] T 2 5225 1,370 0. 13

o 10,7 | * S 117 % |0 12
2 . i

70! 140) 6.68:1CF| 33

100 :

i i R S P o
70140 2.09:109 e

o| # |100) * 78 ¢ i5
200)| 7 15

Table3 Tensile restraint stress (g} and restraint coefficient
(Rro) of ribs,

ity [Caubnans)] (gt (ke (ke [Cigtanm Y| ekgyin2) keflrefigtid?
LH]Or (%g K | Kec | Kae ' R | Ry,
- 170 [700.25  Alensaod 357 | 22
"0l 012 178 6 aneo oo22| 31| 2
200! ougl 175 6 i I a27] 26
140 0.75 ;7]8 387 < 107 oa 139 Eg
+ 075, B X
200} 090|175 1571 62
VfO 2.75) 42 181‘55 /%L
oo 158 40 | i307] 52 |
o 1. 170 10357 27
o83 1ig 10061 26
200 0.90 175 | ﬁg? 5:
140] 275 a4
S| 215 aa | &8 ie
2001 | 343 40 1024] 2
T poinrg € Jtcm)] ) [Cigymm Cigymm)Ckgt/mm) Fhgi/mm) »@umﬁﬁiﬁw
T T AL or V%g Kee | Kee | Kue ™ Re | Reg
70f1a0] 0.d5] 138 [710:25% 12.97:10F) €0 R
o| [.,25/100| s |a0| 650 ‘ 0022 7| 12
‘leod ) ote| 140 6.8 ¢ | . 86 156
o4 o 138 |10k 467107 9 ]
o| [eszeliog <1} % o lemo s B 0099 9
7 0. 140 |5.78 1065 7?
T 70]140| 229 38 . 250307 295
100f ¢ - 0.25 4 s 2Bl 8
_ 200} 281 24 |7 _lom0 s |~ | 4 ferl 7
70{ 120} 0.75 138 [7.i0x33 706X 79171
ol las,asfioo 2] 7| : 1680 ¢ 3 é3§ |2‘
[ ¢ 200 0.84|_140 1678 ¢ :
70[140] 225 36 28] 8
©° ! i B s
200/ 281|__24 136] 3




224

6. #% ]

A, 075 VES4XY T I 60 TENE
Y7 EOBOBRFDOSIRIRIS B & CHREGRK % 8
TORREE S &L ICHRWITRY, BEFABEOKRERL
HDTHAB.

FOELRBIERD LI IC2 5,

(1) #FO R, BRHFSTAYTTL02T, Y
TELFiQ16 (1), (2)Y WRULEESIBIRET S
VYEOMESTE MIFIFHAIL, X (15) 2F0
B AR 12,

(2) R OEEHEWBTOBLBERPRTOME
D, FHEELTCTAYT7 74727 Tid Table2
(1), (2) 5136 &80, BERMETETAS
{IsBBETHL. LhrLY7TidTable3 (1), (2)
HH3I3ELD, BERERTOD R BBERPRT
D Re D3fELAEES D

(3) HEIEHIL, Table3d (1) IZRLEZED IK—
iz 70kgl/mm* % B2 L0850, JTEOHIO
Wi T OBEBERREICIE, KESRRISHFEST D L
Bxhs.

(4) BRE» 75 v VEIRERTNIVES,
Table2 (1), {(2) KRLIZEIIZ, F4¥ 7T x
T DE BRI T3 R 15100 kgl/mm?/mm D) 112 75
B5E0H5.

R Re
A= 700 , A =100™ A=i00™ o
100F  L=140 °% 7 100F L=140 100F L=200 .’
, .
~ & R 7
5 A sF % Y3
g 'Q‘(‘O € /Q“O % xR
g K - ‘ £ M
~ . ~ % ~
S o 3 N ,
5. ) & . 3 .
< g [x momGroi & NPT A 7 ¥ [x ran =200
£ 27 [o oiaekrack &, @ 1o orapraca & & |6 prapuracy
L weB {7 30 Rt wEB( » 30 s wes( s 30
& | 1 . L 1 o 1 L L o i i i i
9 N 10 0 bN 10 0 EN 10
(1)
Reol R Cf RFD
A= 70" ;T Ao o a=100
100F L=140 LS00k L=40 L7 wor =300 ° v
o 7 2z s
- e - P - SN
0.0 E [as) £ ,
£ RS A 2
g o gt Qe £ ’
“Fr ’ ® . ) %
% x x % X ’
= 5 [ * RIB(kaa0 - . x RIB (=400 . x RIB(H~a0¥
, , e
/q? Q to 3;:””:% /260 2 [o Sé;?"m;m ,3’00 o SLQF("R;GM
X, 1 R R X i L i L x i 1 L4
9 X 1.0 x 10 x 0
(z)

Fig.16 Relationship between load distribution factor (1) and
restraint coefficient ( Rp,).

i U

7. HENE

AT, BN ORMG BEC &5 BRBERTOS|
RN EEELZRE T 2RHRERKE, ROB
BABRIC L2 HHEBRENS SUBIRET 7 ¥ & OR
ML OEELMENERE ZHNT, BHRIOITKDS—
FEIZODWTHRERZNA .. LERHRET7 S VD
BERICE T SEAOEMR OGRS REIE I RE
FTEEBILOOWTEHER LAY T,

SHOBEELTE, ZORBKRL7 I Y YV OREMNEN
REHN DML SRF ORFIE TR TEE, v
TR T OBEEEREOZIZ & AMESHORARR K
BEING LD D DFEGEE & OB, KT EENIR
KFEOATHLBEOWFEISH, WEEDOELII>NT
EBROHERICHEZEO L3 NER L8N HDEER

& E X K

1) HAREERR - BINE C SEEgsnAREomEtcE
¥ B, JSSC, Vol.9, No.96, pp.20~49, 1973.

2) BABERE OARBSERRRE, BAEREASENE
ROBEBEENBZEERKICET 2584, WES 3002-1973,
HPIS-B-101 A(1973), B3f048 4E 3 BHIE.

3) FIRE—BR I BUCT, pp.3~11, AHHRAE (5), B
fi564E5 AH.

4) BEREEEHS HINEES AEUSES THEERNE
B2 BEREANHEHE | SEEmICB Y SEEENEO
fe b DFEEREOBETIZO>VT, JSSC, Vol. 8, No. 8o,
pp. 36~40, 1972.

5) WEOIER - KHEAE I BENFEE F0OIH, pp. 381~
390, (¥F) BIEEML, B40E12 AL

6) AEFRE ABETIFEOER, pp.111~115, RE (),
FAf 60 £ 3 A.

7) EREE - AR - MRIEE T — 7 BERTF O
BIEICB T AR (F18), BEXRE 5% F
38, pp.36~46, 1966.

8) 6) pp.52~53

9) 5) pp.367~374

10) 5) pp.176~178

11) {EERE - DHER BEKFORREHEhICE S

BOBEINOWME, BRFRE, $36E, F105,
pp.44~46, 1967.

12) RHWAF - =K B BET7T-JORBERIIOVT,
BEERE, $22%, B35, pp.78~83, 1953.

13) (RERARE - MHER - MREE | 7T — 7 BESTF ORE
BRICET IR (F2 @), BEYLE F6%, F
45, pp.43~50, 1966.

14} 5) pp.163

15) BABRBHR  EHWABOHE, JIS B 8243-1981,
pp. 166, BAFI56 F£2 B 15 H&E.

(1985. 3.18 « 21t)




