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Abstract — This study investigates the effects of welding shrinkage on girder camber resulting from the application of field
welding in steel girders. To this end, domestic and international literature and case studies on welding shrinkage were reviewed,
and the influence of such shrinkage on the camber of steel girders was analyzed based on the collected data to contribute to
enhancing steel bridge fabrication technology in Korea. The research results indicate that a welding shrinkage of 2 to 3 mm
occurs at each joint of the target bridge. The camber variation prediction method incorporating this welding shrinkage exhibited
a trend highly consistent with the actually measured camber variations. Furthermore, the design maximum camber after the
installation of girders and cross-beams was found to be close to the measured maximum camber, demonstrating that the camber
behavior at this stage aligns well with theoretical predictions. In addition, the FE analysis results showed high consistency with
the camber values measured after field welding, being slightly larger than or similar to the theoretical camber calculations based

on equivalent moments.
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T 3 Required offset from straight

Fig. 1. Schematic illustration of shaping of steel girders
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Table 1. Camber control value

KCS 14 31 10 Fabrication

Cat Tolerance |Tolerance limit Application
C8OY | condition (mm) Criteria
In case of | 3+0.15L<20 i \Zthzlazzﬂ iarlcll(fi:rs
Excess (L=Span (m)) & . &
L are independent
Fabrication
and dead loads are
Camber at not applied
Mid-span | In case of | 3+0.05L<6 pprer
Defici g |(Actual Camber) -
eficiency | (L=Span (m)) (Required
Camber)|

KCS 14 31 30 Camber control value in field assembly
L<20:-10 —+15mm
20<L<40 : -10—+20mm
40<L=200: -[(L/2-10)—+(L/2)mm
Here, L is defined as the span length (m) when bridge bearings
are present; otherwise, it is defined as the clear span (m)




Table 2. Camber management regulations: USA and Australia

wpgel - e A8

. Application Camber tolerance Camber tolerance
e (e condition (individual girder) (assembly) Rk
AASHTO LRFD¥ Finished girder Deviation varies by DOT regulations No 1nhse;:(1:1itﬁtg(lierance
AWS D1.5 — Bridge Welding . Negative camber
Codel All girders L/1000 L/2000 prohibited
AISC Steel Construction Rolled beams L/1000 Similar to AWS
Manual
NYS DOT Steel Construction . . Bearings +1/8" . .
2 S0/+4"- 3/n
Manual (2020)°! Bridge girders Midspan -0/4+%" 0/+7"-(ft)/10, Max %" | Very strict regulations
Caltrans Bridge Design . . Bearings +1/8", . .
~0/+1e"- 3/n
Specifications'” Bridge girders Midspan -0/4+%" 0/+%"-(ft)/10, Max %" | Very strict regulations
Australia NSW (TINSW BS80, . . . Most conservative
+ + +
RMS Specification)!” Welded plate girders (0.2L + 3) mm Splice point £3 mm regulations
Table 3. Camber Management Regulations in Steel Bridge: Japan™
Main subject of work Specification value Management criteria
; ; Remarks
Item (unit: mm) Plate girder Truss/arch
< -5+
Camber of == o Measured at each
Fabrication | girder or main | 20<L=40 | -5-+10 |Measured every 10 m— casured at cach
. panel point of the main
structure 40<L<80 -5-+15 12 m for each girder
5 (mm) — structure
80<L<200 | -5—+25
Erection Camber L25+L2) Applied to both girders and main structures
(assembly) o (mm) L: Span length of girder or main structure
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Fig. 2. Welded sectional area for V groove geometry
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Field Weld

S: Welding Shrinkage (Ref: 2mm)

(Based on Japan Bridge Construction Assoclatlan De-
sign and C of Bridges, 1991.2, p132)

U

8: Camber due to Welding (8yeiging) 3
2
2

n: Number of Welded Joints

h Girder Height

1

Camber due to
Welding (8qug)

X: Distance to Origin

Fig. 3. Calculation of welded camber by welded shrinkage

L: Total Span Length

Calculate & for L1, L2,
L3 using the weld
camber formula

A _|Multi-point support for
prescribed (dead load
+ weld) camber

V Prior Weld

S : Predicted Shrinkage (Ref. Value: 2mm)

"L Field Weld
5 = =

Stage 2
9 Adjust support or bent

height so field weld
gapis S

Fig. 4. General welding procedure for field welding
only the top of girder
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Fig. 5. An example of the root gap of a full cross-section
field weld
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(a) Field welding schematic diagram
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SP 1,35 SP2,4,6

D, @: Top flange L and R [t (mm) : 52, 78, 82]
(: Bottom flange [t (mm) : 64, 76, 80]

@: Mid. flange [t (mm) : 16]

®, ®: Upper web L and R [t (mm) : 14]

(@: Lower web [t (mm) : 18, 20, 22]

(b) Field welding method
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(c) An example of field welding details (SP 1, SP 3, SP 5)

Fig. 6. Overview of field welding

Field Assembly |
M \Welding Part

Fig. 7. Shape retention system with strong-backs
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Table 4. Root gap during temporary and sub-assembly
(unit: mm)

Root gap (G2 in the Fig. 2)
(temporary assembly/sub-assembly)

SP1 | SP2 | SP3 | SP4 | SP5 | SP6
T/F-L | 6|8 |12|11]10]9 [10|/10| 8 |9 |8 | 7

Position

T/F-R |[12]11|10|11]10|9 |10|10| 6 | 7 |10]| 11
MID-F | 8 |8 [12|12| 8|7 |8 |9 |8 |7 |10| 11

Gl| BOT-F | 8|8 (109 |6 |8|10{10]/ 6|7 |8| 9
WL |6|7(14/1016|6|6|7|12|10] 8| 7
W/R | 8|7|10/8|8|7]10/10|8|9|14]| 12
LOW-W |8 | 7[10/9]10]/9 |8 |9 |8|10] 8| 9
Position SPO1 | SP02 | SPO3 | SP04 | SPOS | SP06

T/F-L | 8|7 |10]9]10]9
T/F-R | 87|10/ 8|10/ 8|8|8|6|8|10] 10
MID-F |12]10(12|10| 8 | 9
G2| BOT-F |10|10|{10| 8 |10|10|10|{10| 8 | 7| 8| 8
W/L |[10/10]12]|11

W/R |10{10|10| 9

o0 | 00 | 0

LOW-W 14| 8 12|10
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Table 5. An example of welding shrinkage calculation
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42 BFEAN G2 715194 Wt

4.2.1 Q% AS0l 7123 7|5t/ ¥st

Table 59| Fig. 2 & 4} (2)°] wtet Alibd 8-+

Aol AFH = S 109] Girder 19] SP19]| T Lreh
ot 2 - RSP 1-SP 6)9 A 2] A Thld &5
g2 Table 4914 A FE 74(G2) 52 &4
SR EHA S 551 & Ao met 242 thEA o
AStA. SP 1914 9] -5 ALt 23, Table 5
@} 7o) 2.4 mm—-6.9mm7} A, B 4.3 mm7} &
AR 5L Atk T E HIAI(SP 2-SP 6)° A AA|
51 3 mm-8.75 mm”7} A, H+ 6.29 mm7} 2
A3

1 oft > 32 off

=

Girder1 | ¢ |R| 6| C G2 A S Table 60| AA| A 2H-&H oA LAY A& &5
2 -
(mm) | (mm) | (mm’)| (mm) 23] A= S 109 Girder 19] SP1 2 SP20] T3]
T/F-L |52] 2| 45 49.4 8 1435.5| 5.921 = =14 3%
T/F-R |52]2| 45| 524 11 |1585.5| 6.648 HEHAE. AR ERA S s SdAe o] 845
s | MIDF [16] 2] 45| 196 | 8 |1932] 2815 %2 24712 200 mmo] A4 0] 400 mmof A Z}
P | BOT-F |64 | 2| 45 | 594 8 |2088.2| 6.926 ZF -2 mm- -3 mm YAYSH= A0 F ZALE 0] 37}0f A
Ll wL |[14]2]| 45| 169 7 143.6 | 2.402 71&%F Y.3 SARSE A2 YR Qi) o2 91X o
W/R |14 2] 45 16.9 7 143.6 | 2.402 - o =
LOW-W| 18| 2| 45 | 20.2 7 218.0 | 2.773 A8 A% A3E SRS SPI-SP 694 2] 84 5
Average 4.300 FZ 7 ol FEE 2 mm-3 mm7p HASkE A0 2
ALE] o], Table 5] et ZMA] -G R0l A 9] AL
Table 6. An example of measured welding shrinkage 2zepo] W T v Waly oF 128 U}, A4 &
Length i : 12 A
Position  [—oeh (M| Welding |- Welding * gpo) 42 Szepnt vieh Botehe AFE el
Before | After |shrinkage (mm)| direction 1_ =
BOT-FR 397 3 o o= Aol ARERE A 2)7F ERHUEE, T F
IS, BOT-F-L 397 3 b . A, Y445E 59 T2 AFH 2= B7I5HA] g2
ownwar _ s
| [TOPFR 397 3 5o Qo BoEne, %% olo] i 37} A7
L w00 = hEad Ao wo.
BOT-F-R 397 -3 o —
S IBOTFL o3 5 oo lﬁ%—é At F4e] Hef e L AL Qo]
P U d _
7 |IEEE R 398 2 e 2 72|51 Table 73} 2}, @Al oI5 AH W
TOP-F-L o1 ] 3 518 B, Fig, u 2o 87 A2l A2YS.A) A
Table 7. Changes in maximum camber and length by construction stage
(unit: m)
It G Field welding Supported at both ends” After girder erection®
cm 1rder no.
Design T.A. S.A. Finish" Design Measurement Design Measurement
Max. Gl 0.122 0.123 0.117 0.099 0.092
camber G2 0-118 0.124 0.120 0.115 0.080 0.097 0.073 0.090
Gl 54.622 | 54.620 | 54.608 54.614 54.611
Length G2 4600 5y 623 | s4e21 | sa09 | 000 54.614 54600 54.613

D No-stress State: Support blocking remains under the girder
? Stress State: Support blocking removed from under the girder
3 Installation of Main girders and cross beams
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AFEH0] LT AHlo] 0] % JFo B AT
o] Ao 7= G194 0.123 m, G294 0.120 mo] Y]
o, AL T2 T F-3 A E(FinishZ #71)Y
H ) AHE G1oA 0.117 m, G204 0.115 m&E &3
S50 ol Z+27} stgFA o] Glo 4 6 mm, G20l A] 5
mm FAYSIG T B F-SHAFEH Y AE A= A
ALt FAFSHA YEE T

AY o] ¥igh= 7]& A+ 9 Table 69 7] &3t
T} Zo] 10129 9F 2 mm-3 mm £=5 =]
(Finish® 3#7])0]4 G1 ¥ G2o|A] =5 12 mm &0]=
Ao &2 UERT

FEA R o A9 A Hh7H = Table 72} o] A
t] Ao 95t J¥Fo 2 SFgFA o] 38 mm (118 mm

Table 8. Camber at field welded joints by construction stage

Item Camber (mm
SP1|SP2|SP3|SP4|SP5|SP6

(1) Design 67 | 92 [112]112] 92 | 67

2) TA. | 69 | 92 | 115|115 | 96 | 68

Gl| (3) |Mea.| SSA | 67 | 96 | 117 | 115| 93 | 72
) Finish| 63 | 92 [ 114 | 110 | 95 | 70

S 6@ 4] 435 2]2

(1) Design 67 | 92 [112]112] 92 | 67

2) TA. | 71 | 96 | 116 | 116 | 96 | 69

G2| (3) | Mea. | SA | 69 | 93 | 112 | 115| 97 | 71
4) Finish| 69 | 91 | 105 | 112 | 96 | 72

(5) 3)-4)| o 2 7 3 1 -1
Average (5)/2 2 3 5 4 |-05] 05

Camber(m)

15 20 25 3 15 40 45 50

Measurement Location(m)

(a) S10 G2 girder field assembly camber

0.10
0.08
0.06

0.04

Camber(m)

0.02

0.00

Measurement Location(m)

(b) S10 G2 girder camber after field welding
Fig. 8. Camber of girder S10 G2 by construction stage
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F-gAo] s Aol A= Yol wet A

Table 9. Camber variation due to field welding during
sub-assembly

Camber variation (mm)
SP1|SP2|SP3|SP4|SP5|SP6
Mea. (Ave.) | 2 3 5 4 |-05]| 0.5 | Table 8

Emp. 26.51]41.50|51.55|51.28|41.25|25.68| Eq.6
Equ.-M-C |4.03 | 0.85|0.65|0.72 | 0.69 | 5.01 | Eq. 11
Equ-M |3.18 | 0.80 |1.121| 1.13 | 1.21 |0.098| Eq. 12

Item Remark

Fig. 9. FEA modeling (welding support: 1.5 m)
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Fig. 11. Natural cooling stage (step-2, 1200s)
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Table 10. U2 displacement at the maximum deflection point

(unit: mm)
welding | o0 1-10s | Step 2-1200s AS
support

1.5m -2.992 2.891 +0.101
20m 3.023 2.922 +0.101
3.0m 3.062 2.970 +0.092
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