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Analysis of welding heat effect on load-carrying behavior of
I section steel beam-columns strengthened by welding

Jiang Li'"* , Wang Yuanging® , Dai Guoxin® , Zhang Tianshen® , Shi Yongjiu*
(1. Chongqing Architectural Design Institute, Chongqing 400015, P. R. China; 2. Key Laboratory of Civil Engineering Safety
and Durability of China Education Ministry; Department of Civil Engineering, Tsinghua University. Beijing 100084,
P. R. China; 2. School of Civil Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract:In order to investigate the influence of reinforcement welding heat effect and different initial load
on load-carrying behavior of I section steel beam-columns, three specimens strengthened by welding while
under different load were simulated. Based on the thermal-structural coupling method considering heat
effect, the analysis improved thermal input of heat source model and also considered initial geometric

imperfection, initial residual stress and friction. Time history of displacement during welding, web stress-
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strain redistribution and load-displacement relationship were discussed, and meanwhile the effectiveness of
the finite element analyses (FEA) were verified by comparing the FEA results and test results.
Furthermore, welding temperature field, stress-strain redistribution between flange and strengthening
plate and flange margin yield capacity, which could not be measured by test, were acquired. And by
comparison of bearing capacity results and code calculation results, the present design methods were
discussed. The results showed that welding strengthening procedure decided the development of welding
residual deformation, while thermal input and initial load effected the range of displacement change during
welding under load and magnitude of welding residual deformation. Higher initial load propelled the
development of stress-strain redistribution toward the eccentric loading direction, thus leading to lower
bearing capacity. However, initial residual stress had little effect on ultimate capacity. FEA method
considering heat effect showed certain practicability and overall security, and code design method remained
space for improvement still.

Keywords: strengthening steel structure; under load; welding heat effect; beam-column; load-carrying

behavior; finite element analysis
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Fig 1 Schematic of test set-up and section dimensions

of specimen after strengthening
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Table 1 Initial loads, measured dimensions and initial geometric imperfections of specimens

FnwGE TR Py /kN L/mm H/mm b;/mm tw/mm ¢t/ mm by /mm t,/mm (e/L) /%,
it R 3000 256 180 10 8 150 6
BCSO 0 2997.5 257.2 179.9 10.128 7.637 150. 0 5.765 0.78
BCS1 180 2 998. 8 256. 2 179. 4 10. 110 7.623 149.7 5.774 0.61
BCS2 360 2999.0 255. 6 178.9 10. 059 7.639 150. 4 5. 964 0.07
BCS3 590 3001.0 255.5 178.7 10. 061 7.625 150. 5 5.768 0.21
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Table 2 Tension coupon test results

WHAKH  E/103MPa f,/MPa  f,/MPa e €u
i R 218.0 407 548 0.017 0.154
HEGMR 208. 9 334 475 0.012 0.157

i 4 218.0 353 495 0.017 0.140
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Fig 2 Analysis procedure of indirect thermal-structural

coupling method
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Fig 3 Initial residual stress distribution of welded I-section
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Fig 4 Initial residual stress distribution of strengthening plate
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Fig 5 Welding procedure of strengthening
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Table 3 Strengthening plate and web centre temperature
results comparison between FEA and test at end of welding

corresponding region(BCS3)
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Fig 8 Time-history curve comparision between test
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Table 4 Change of in-plane displacement at top of steel beam-columns during welding strengthening procedure

0 45 R HBRIC 4R
PG R Po/kN
do/mm ¢1/mm 8 /mm §3/mm A;/mm Ar/mm A;/A; /mm §/mm 8 /mm §3/mm A;/mm Ar/mm A;/A;
BCS1 180 3.75 8. 40 0.20 6.24 8. 20 2.49 3.3 7.46 13.11 0.56 8.38 12.55 0.92 13.6
BCS2 360 8.59 13.07 6.26 13.78 6.81 5. 1€ 1.3 16.07 22.08 9.44 19.12 12.64 3.05 4.1
BCS3 590 22.78 28.20 21.42 32.70 6.78 9. ¢ 0.7 28.99 34.08 24.48 36.53 9.60 7.54 1.3
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Fig9 Comparision of web strain distribution at 1./2

and L/3 of column between FEA and test results
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Fig 10 Stress nephogram at bottom section of column

before and after strengthening by welding (unit: MPa)
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Fig 11 Element stress of flange at bottom section of

column before and after strengthening by welding
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Fig 12 Element stress of strengthening plate at bottom

section of column before and after strengthening by welding
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Fig 13 Load-displacement curve comparision between

FEA and test results
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Table 5 Flange margin yield capacity comparision

between FEA (neglecting friction) and code results

1 Py/ 5 Py.cecs/ Py.rEA0/ Pu..cex/ Py rEaor/
s kN Sy kN kN kN kN
BCSO 0 0 961 988 965, 1(77:0. 85)

BCS1 180 0.22 955 909 902.3(5=0.80) 435
BCS2 360 0. 44 963 849  853.5(5=0.75) 467

BCS3 590 0.72 952 700 730.9(5=0.65) 590

T co0 WG 00BN 45 AR PRS0 44 U JT 500/ fy 24 XRE )
VO s fy o 44 ST MR B S BRORE P 3K 36 v i Al A B 2% 295 2R 1 4%
KAH 3 Pu.cees % CECST77:96 24 Kt H45 2 19 831 R 47, i [
Pr R A 0. 93Py . peao 9 TCEEHEA BRITAS B 19 3 4 30 2% I IR 7K
713 Pu.onx N GB50xxx— 201 x 59 25 44 Jin 18] ¢ 1 #L8 (AE 5K &
TR TR BB AR T L 58 5 T S A T R T B [ AT R R
Py s reao 075 R HGR WA 19 0 FE #E A BR 045 B 19 H G h 58 IR
#HI1,
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Table 6 Ultimate capacity comparision between FEA

(considering thermal effect) and test results

R P/
%% kN kN kN kN kN kN %

Puig/ Purea/ Purear/ Pureao/ Porrao/ (e/L)/

BCS1 180 1229.2 1174 1095.4 1083 1004.6 0.61

BCS2 360 1298.0 1195 1083.3 1082 994.4 0.07

BCS3 590 1132.6 1181 1115.6 1036 946.4 0.21
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Table 7 Ultimate capacity comparision between FEA (neglecting friction) and test results

BCS0 0 1273.1 1. 00 1097.6 1. 00

BCS1 180 1229.2 0.97 1083 0. 99 1 004.6 0.92 0. 93
BCS2 360 1298.0 1.02 1082.3 0.99 994. 4 0.91 0.92
BCS3 590 1132.6 0. 89 1036.3 0.94 946. 4 0. 86 0.91
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Table 8 Ultimate capacity comparision between FEA (neglecting friction) , test and code results
R Po /KN 5 Pukxw/  Pucees/ Pu.cex/ Pu.reno/ P FEAO res/ Pu.reno:/ P, FEAO res/
0/ —

5 y kN kN kN kN kN kN kN

BCSO 0 0 1273.1 961 965.1 (=0.85) 1097.6 1079.5

BCS1 180 0.22 1229.2 955 902. 3(»=0.80) 1083.0 1075.4 1004.6 1 000. 3
BCS2 360 0.44 1298.0 963 853. 5(1/10. 75) 1082.3 1087.1 994. 4 990. 8
BCS3 590 0.72 1132.6 952 730.9 (9=0.65) 1036.3 1028.0 946. 4 928. 2
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