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Abstract - Residual stress is defined as stress that already exists on a structural member from the effects of welding and plastic
deformation before the application of loading. Due to such residual stress, welded H-section compression members under
centroidal compression load can undergo buckling and failure for strength values smaller than the predicted buckling load and
specified compressive strength. Therefore, this study was carried out to evaluate the effect of residual stress from welding on the
determination of the buckling load and specified compressive strength of the H-section compression member according to the
column length variation. A three-dimensional nonlinear finite element analysis was performed for the H-section compression
member where the welded joint was fillet welded by applying heat inputs of 3.1kJ/mm and 3.6kJ/mm using the SAW welding
method.
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Table 1. Geometric properties of analysis models

Length . Weld Slende.rness

Model (m) Section size A ratio

(mm) (KL/r)
BH-1 4 |400x200x8x13| 16 1.2 87.95
BH-2 | 4.5 [400x200x8x13| 16 | 1.35 98.94
BH-3 5 1400x200x8x13| 16 1.5 109.94
BH-4 | 5.5 [400x200x8x13| 16 | 1.65 120.93
BH-5 6 [400x200x8x13| 16 1.8 131.93
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Table 2. Geometry of the plate used in the verification analysis
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Fig. 1. Geometry of the plate used in the verification analysis
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(a) Comparison of residual stress distribution in welding length
direction

(b) The stress distribution of sheet metal welding by finite
element analysis

Fig. 2. Comparison of finite element analysis values and calculated
values
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Fig. 3. The buckling load of welded H-section by equation (5)
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Table 3. The buckling load of model according to equation (5)

Model Linmg)th N KL/ ( l\fi;.a) BuCk(lll(IIl\% load
BH-1 4 1.2 87.95 | 185.88 1,407.24
BH-2 4.5 1.35 98.94 | 146.87 1,111.89
BH-3 5 1.5 109.94 | 118.96 900.63
BH-4 5.5 1.65 | 12093 | 98.32 744.32
BH-5 6 1.8 131.93 | 82.61 625.44

Table 4. The specified compression strength of model according
to equation (8)

Specified
Model L(an%th Klfr (Nﬁ;a) (hji;a) cogir;gstsﬁon
(kN)
BH-1 4 87.95 | 261.57 | 206.87 1,566.20
BH-2 4.5 98.94 | 206.67 | 176.02 1,332.61
BH-3 5 109.94 | 167.40 | 146.95 1,112.51
BH-4 5.5 120.93 | 138.35 | 121.33 918.59
BH-5 6 13193 | 116.25 | 101.95 771.87
olef| =2H szt 4] (8)9] 9o EEH AAYSFTE
% A2 3 ARSI 2 gt A1) A8 SlojA] =
g, F,2 dS5FAA7 e ge 52 2S5 As
FdE Uetfi=rtoll wheba] rEEt B3, sHAFESE
F = 455A9] §9o] 4%%‘33, F, o =gat9S 19
Zdrolnt, Z2YFEA THo] 5 M| A7} A Bk F L
L FRgan uesjorgt

P,.=F,A (5)

2 EtA/EZAw/:%}
Fo =&y [ 24,+4,/3 ©
oFZof| tiel =2l 4%,
_ °E AE, A, ]
“ (KL/r)? [QAfE 2Af] @

Haje] Hasls U HAJYEYE Bt

AAGE7 T AP (AZT27)Z(KBC2016)):
¢Pn ° ( an ); O 9 (8)
L . 6
— <471 B F, = 044QF, %) 735,
QF;/
= (o 658 )QFy (9)
KL E
— A= o] Ao
>4.71 oF, FEE F, <044QF, % 3%
F('r = 0877Fe (10)
E
Fo=——= 1
¢ (KL/r)? (1)

Wi 8 E 29 H-97 9554 SYREL Fig, 4]
Hels ek, Fig. 40 e A3k o] 87 Alof gl ae]
Qo SRl HRgeo] WA Arolt), |23
A3} 0] SeR|} 9E7} T RS QS o] uy
512 ZeA) B QHESeo] walsa, dEalEol %
7hglol et ol Aol SeuE Aol wasi gt
AEH oz Brt SeYFe) fE £4ue) olalo o)
)93 s Fzol olalo] HE Y F4H H2S
22 sl o] AL 715 mele] Zolof uje} Aolals] Fig, 5
.

Table 50f Wb ol
Table 62 &8H 23 H-F7 Aol thgt f3tas)
42 Soto] Ao HBolES e 9lek. Table 6of 1}
ef AT} 2o 4] (5)8 Hgalo] A& H2elE} v s}
H 24 6%, | 26% gk 2kolE AL ot EE, o=
B9 Aol7f 2713k E gt o) Z71eS o 4= 9lt)
Fig, 6 W Fig, 71} Zo] &4 2 H-F7% 7|5 A=
Fig. 6(2)2} 20| 712 o] He] 25 gejo] 9u ip =, ¢
A 23 ofo] GAEo] e B 4 9tk o] F 7o) 4l
A= HA Fig. 6(b)2} ol 2= |7 o] ol WA =
€ He 7R =3t o] Ak S E,
Fig. 6(c)] #= A4 o] &= YAt A A|she sh5o] 43t

84 =7 xsts =2y A29d AT Al46%) 20179 2¢



ol - FAZ - B4

A =o] Fig, 6(d)e} Zo] £Ae] ZYFE A8 2 ZWA] o Zjo|7} A} FTbE= AL £ 4= 9lrt. Fig. 8 Y Table 6
FLRO| gHE0 & Fgo] WASH| Elo] AA5EE QA Hrk. ol o] BAe] do|7t Frghe| what fAfjol &Y==
Fig, 8 4 Table 6% B FA9] Zo|7} Frigto| whah 4] 27829 A7) Z71stch A7-89 2719 Z7tel 2st
(5)0l 23t H=Zel5T FotaAd| A Sl A& HFols o Fig, 87 o] HA|Q] Lolr} F7lgol ubet 232 o]
ey meo] HZslgo ghago] S7FsHA "ot ey
Fig. 95 HW sj&aolA FAel FA== 2399
7|7} A =] 6% 7152 30%HTE A= gHE 7

o e s, Zole] F7}o) ute) WASH: g 27]9) et
ey A 27 G}, 2, sflolA ThelElE Zole] Z7to] utet
+4. *
HaER F7Re AR 9ol 4 (5)% 2L oA mefsis
+2 BB 407
+21830 467
+2.i57a 407
+1%ElasDF
+1.666a 407
+171= 407
+1.075e«D7 27
i 2 26 P N
(Unit: N/m”) 5 // \\
= @ v AN
§ 24 e o 4m
: o . . 3 T T AN 45m
(@) Cross-sectional stress distribution of welded H-section compression T 2 -
members 22
2 55m
21 —6m
20
025 035 045 055 065 075

Z [ column length

Fig. 5. Residual stress distribution along length

Table 5. The residual stress distribution by finite element analysis

(Unit: MPa)
Z/column
length 0.25 0.5 0.75
(b) Residual stress distribution of welded H-section compression Model
members BH-1 21 229 21
BH-2 21 23.8 21
BH-3 21.4 23.8 21.4
BH-4 23 24.7 23
BH-5 23.1 26.3 23.1
Table 6. Buckling load by FEA and equation (5)
(Unit: MPa)
Bucklin, Bucklin; )
Model L‘(:Eith A load by PEA|load by Eq’i 5 D‘%Sme
(kN) (kN)
BH-1 4 1.2 1493.23 1370.24 6.2
(c) Residual stress distribution of welded H-section compression BH-2 | 4.5 1.35 1286.03 1082.66 13.8
member’s central part BH-3 5 1.5 1108.00 876.95 18.8
Hg. 4. Residual stress distribution of welded H-section compression BH4 | 5.5 1.65 935.28 72475 22.5
members BH-5 6 1.8 831.52 609.00 25.0
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(a) Stress distribution of finite (b) Stress distribution of finite
element analysis-1 element analysis-2
[Disp:0mm, Load:0kN] [Disp:1.8mm, Load:722kN]

(c) Stress distribution of finite (d) Stress distribution of finite
element analysis-3
[Disp:4.1mm, Load:1,108kN]

Fig. 6. The buckling stress distribution of BH-3 model

element analysis-4
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Fig. 7. The result of finite element analysis BH-3 model
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