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A Study on Deformation Capacity of High Strength Steel Beam-to-Column
Connections According to Welding Detail at Beam End

Oh, Sang Hoon', Park, Hae Yongz*

'Associate Professor, Dept. of Architectural Engineering, Pusan National University, Busan, 609-735, Korea
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Abstract - For high-strength steel, it is difficult to be applied to flexible structural member because it have high yield ratio and low
basic material’s toughness. One of the great problems when using high-strength steel connections is the brittle fracture at the end
of the beam member in common with general mild steel connections. In the cases of mild steel connections, it has be developed
that special moment frame connection details by reinforcing structural member or improvement of welding access hole. But, it
is incomplete at yet about applicability estimation of high-strength steel connections. This study is the initial step research for the
applicability estimation of beam-to-column connections being applied to developed high-strength steel, HSA800. And, it studied
about structural performance of the high-strength steel connections according to the details of welding access hole through
full-scale test and analytical method.
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Table 1. Specimen list

Connection type Strength ratio

Specimen

(Beam edge) Beam |Column| Panel

TSC Scallop connection 1 1.76 1.84

Non-Scallop

NSC .
connection

1 1.76 1.84

TSC : Traditional Scallop Welded Connection
NSC : Non-Scallop Welded connection

Table 2. Welding condition
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TV Lmﬁﬂsl Table 3. Steel material characteristics
.
T Young's | Yield | Tensile | Elonga- | Yield
=18 < Specimen| Modulus | Strength | Strength | tion Ratio
_ld E(MPa) | o,(MPa) | o,(MPa)| (%) 0,/0,
i No.1 220308 740.6 887.1 22 0.835
TV No.2 | 213831 | 739.0 | 8889 20 0.831
Fig_ 7. Measurement p]an No.3 199959 739.1 884.5 21 0.836
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Table 4. Test result
. Initial Yield Yield Mmax |y imum | Maximum | Plastic .
. Loading . rotation rotation rotation rotation Failure
Specimen direction stiffhess angle moment angle moment angle angle mode
(N/mm) | ) (kN-m) (rad) (kN-m) (rad) (rad)
TSC Positive(+) 11.25 0.0233 3213 0.0296 3504 0.0296 0.0063 Brittle
Negative(-) 11.24 0.0218 3003 0.0320 3411 0.0320 0.0102 Failure
NSC Positive(+) 10.84 0.0262 3476 0.0430 4088 0.0448 0.0186 Brittle
Negative(-) 11.52 0.0225 3176 0.0415 3831 0.0415 0.0190 Failure

g zsts] =23 267 AW A1315) 20149 89 339



Non—

TSC

o}, Ed 9PN HHE-3
o] Thslae

Scallop3H o2 A|Zks

dAA o H3te] 24

], Non—ScallopaH o2

7 R-71% ARE B & 600mmyg ©|5te] $F

KBC20099| A4 AAet St RHEZ 2

20| skl des T 4

323 H HE
Fig, 112 #2970 2o digt 2 E3A) Sl ef 2
HEPES vt Aolnt, 27] A7t A= AdAE ¥

340

Maximum strain of upper flange

Maximum strain of bottom flange

-0.04

HEE 23

-0.04 T T T
0.0 0.4 0.8 1.2 1.6

Cumulated rotation angle (rad)

(a) Upper flange of beam member

0.08

0.06 4

0.0 0.4 0.8 12 16
Cumulated rotation angle (rad)

(a) Bottom flange of beam member

Fig. 11. Strain distribution at beam end

NSC AgA 9] 3¢ 4, 9
FOF WL 0 Odrad OWQ] HE 5= et 1o
g5 o] 20l 71 IA Vebyk
4 7} HiEolgasl el Avtet &
A2 HSA800

(IMF) 9] R—T“é Ca=

0.07
=~ 0.01rad
D -0 -0.02rad
0.06 4 \\ --/x- 0.03rad
0.05 1
£ N
2 0.041 About
g 0.03 ; oo
E ] A
3
= 0.02 4
O~
0.01 S
-=--o0
O a
0.00 T T T
TSC NSC

SR I Ll

**o]ﬂ TSCQ} NSCHAA| <] @f‘ﬁ S717re] mhE 2o

=5 Hlagk Aotk TSCAHEA Q] 2 HE 72l 0.03rad
]/"]4 HE = Non—Scallopa¥S A&} ] e} ofj2F

60%7HA] Y 4= LS elg 4= ik,

el ANSYSE AH&-st
e3tas E‘fi:!% 3249 melgo] 243t Solid185 &
Ao 7+ A A of 3°}5FQ)
s 7%]‘# slte] aag & 16749] LE R FAE o]
Az, 7)515Ha BAE o] 7hsste] ZAo) B4
FIPA O 2 W 4 Y, 7 ZIH 2HAE kA Al
ALAEE HSA8007-0] A2 QlAA H ATto] T2 B4%) 2
—RINMYER Xt *P%EP@‘E} Fig. 13 22).
G- E AS ASH-RIAMFER A2
4% AHgatet.

R :Io i L
H >
o
ol
L
R
_YL
[0
o,
a.
é
o
>.
O

o o o

£ oof o
o % o
o Ao

10 o

H1+ez) (1)

Otrue — 0

€true

=1n(1+eE)—U—EE (2)

0:]7]/\_1’ Jt1‘ue: ZHEA X].Q_E:]
AEERTEY
A gl

. H= .
Sy Crue ZHE'Q] ;ﬂ‘iﬂoég, Op-

S8, o AR TIH WPE, B Y

T asts] =27 A2 A45(EA A1315) 20149 8Y



ZolFHl= 0.8, FHEEILE von—Mises?| FHo|E2S
Z]-8-5k3Ith. HSA8007 218 75 -1 Aol B oy &
o WY S AL

2

H E— Jis

2 2457 Sistel 271 G2 B SHAAE A 67
o] meZ ARttt A WA= AeHAlY 1/49% &4
A5 7= 7Y, = iAd= £33 948
o] HAE WAYAZIA] Al 871 9fel BFE eheE A
b MFEAATE, Al WA 2@ Engelhartof] o3

20020l At NFE EHALE, Wl WA= Post-
Northridge Connection®] WU F-W Z¢AA| 9] S48
& FEVE 2E ek 5 AR Atgglo] 71 e Aol YA
gog HaE e Al B4 a2 WUF-W Connection
£ I mdgsigion oE Ady FEo EEA LS
9 welgahy) o HEla 1 e olug st

1000 4

Stress (MPa)

fffff Nominal Stress-Nominal Strain
True Stress-True Strain

0.00 0.02 0.04 0.06 0.08 0.10 0.12
Strain

Fig. 13. True Stress-true strain relationship

Table 5. Analytical model list

Model Strength Ratio

Welding Detail

Name Beam |Column| Panel

TSC 1/4Circular Scallop

Improved

ISC-A Scallop-typeA
Improved
ISC-B
Scallop-typeB 1 1.76 1.84
Improved
ISC-
SC-C Scallop-typeC
WWC WUF-W Connection

NSC Non-Scallop

TSC : Traditional Scallop Connection
ISC : Improved Scallop Connection
WWC : WUF-W Connection

NSC : Non-Scallop Connection
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Table 6. Comparison of test result and FEM result

Method | Initial | Yield Mrn-a * | Maximum

Specimen and | stiffness | moment r(;tjnl(;n moment
Error | (<N/mm)| (kNam) | agd) (KN-m)
Exp. 11.25 3231 | 0.0295 3504
TSC FEM 12.06 3142 | 0.0405 3720
Error(%)| 7.2% 2.8% - 6.2%
Exp. 10.84 3476 | 0.0430 4088
NSC FEM 12.07 3150 | 0.0405 3757
Error(%)| 11.3% | 9.4% | 5.8% 8.1%
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Table 7. FEM resuts

Model I.nitial r?){tfil(;in Yield Maximum
(rad)
TSC 12027 0.0209 3085 3695
ISC-A 12006 0.0209 3075 3669
ISC-B 12014 0.0209 3073 3683
ISC-C 11982 0.0210 3080 3669
wWwC 12009 0.0210 3085 3676
NSC 12068 0.0212 3139 3757
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Table 8. Major response index

Von . .
Model | Mises | Ydrostatic|Bffective| oo tity| PEEQ
stress plastic .
name stress (MPa) strain ratio Index
(MPa)
TSC 855.5 471.0 0.1385 0.55 36.26
ISC-A | 840.7 488.7 0.1426 0.58 37.33
ISC-B 861.4 457.2 0.1093 0.53 28.59
ISC-C 860.6 340.6 0.1088 0.39 28.47
WWC 920.9 408.1 0.0455 0.44 11.90
NSC 919.0 381.0 0.0520 0.42 13.61
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