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Cyclic Test of welding connections for Steel-Plate Concrete Column to

H-shaped Steel Girders
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/] ABSTRACT /

This study presents an experimental study of the structural behavior for steel plate-concrete column-to-steel girder connections.
Experiments were carried out to investigate the moment-rotation characteristics, failure behavior and ultimate moment capacity of these
connections. The results of this experimental study involving three welded moment-resisting connections subjected to cyclic loading are
presented. The specimens were fabricated at full scale to evaluate their hysteretic behavior. A description of the test specimens, the details
of the joint, the test system and the testing methods are described. The test results showed that the structural behavior of these composite

connections was influenced by the connection details.
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Fig. 1. Shape of SC Column

Table 1. Development of Diaphragm
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Fig. 2. Configuration of SC column

64

ool A4, AAY W EaelE S8 s 91 WAk

E2s190m] 1 759 clololigo] 4gahgict. 712e] tlojotgo]

wJ3) AhATale] 29 mAfele] 8ol Hold Al gAle] £, A w3

Jol % ot
HolA] ZANo] £7] o] 7120) FAS £5T 1) Yol HEEE
CFT9] )% thololale] 442 msto] FA2 wasiint

A TR

AER|S] 75 RAR SC 71502 Tl 7= 450x4500]0, 3 7}
7S 6mm £712] $S400 7 Ao| I, AB|E BEL PEEAuE Tefsh

0
450 1100 J‘
.
= o
— — D— /,/ Eﬁ
:7—- Ll e
e — Nzl ~
Rib S
\Diophrqgm
5 400x200x8x13 b
S — e 5\5
S e — —
A [t e
(a) SC-H-W
1550
450 1100 J‘
E:: : —STTE0
- - —
& /'—S‘Pm*
1C ] e /580
I fa— /
. RiD g . L—120x120x8
NG
4 "Diaphragm
8 400x200x8x13 —
S TE)W
cf: : 5 [:7120
i N e
S — _ I
= — 5180
(b) SC—H-L-W
1550
450 1100 J‘
s . 5 V200
R ) /,/
= = Rib” g Diaphragm
= b
= |- 400x200x8x13 —
— v
— o /// 17200
i
C]

(c) SC-H-D-W

Fig. 3. Details of specimens



Table 2. List of specimens

Connection Detail
Specimen
Flange Connection (Web Connection| Diaphragm
SC-H-W Groove welding Fillet welding Inner Diaphragm
Fillet welding using Top . . .
SC-H-L-W and Seat Angle Fillet welding  |Inner Diaphragm
Fillet welding using Inner Diaphragm
SC-H-D-W Penetrated Type Fillet welding with Penetrated
Diaphragm Plate
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Table 3. Prediction of failure load (kN)

Specimen| Py Ppw Ppr Pyp £, Py
SC-H-W 141.0 118.5

SC-H-L-W | 130.3 118.5 390.7 3231 451.2

SC-H-D-W - 385.0 480.0

Table 4. Estimation of yield displacement

Specimen Bz Aozs Ay
SC-H-W 3.12mm 4.32 mm
SC-H-L-W 262.17kN 1.36 mm 1.84 mm
SC-H-D-W 2.00 mm 2.64 mm
424,
3.8A,
3.4A,

(Cycle)

Fig. 7. Loading history(FEMA 356 Yt ALE)
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Table 5. Maximum load and failure mode

Maximum Load(kN) P.. | No. of

Specimen Failure mode
Pdesi,gn Ptest Pdesign CYC|e
Welding failure
-H- Py, =118.5
SC-H-W D 360.3 | 3.04 8 of diaphragm
Welding failure
SC-H-L-W | Py, =1185| 269.9 | 228 18 of top angle in
column face
Shear yielding of
-H-D- Ppy-=385.0
SC-H-D-W | Ppy 4816 | 1.25 20 web of the girder
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Fig. 9. Connection deformation and failure modes

= 7H g 2 353} 712 eyele L 7] S e
Table SO P, = AEANS el vh 815 SollA 7 22 2k
ojufsfu, Pmt = g nne 298 HosiEe) A 7S ek
SC-H-W A3 step (5 eycle) o] Lol <3 sz 2-2of gt
71 31%0] 27] Ajetel7] AZteISiEh. 013 eycle & ihaa 5 RS
AL RS TSI o Fig. 9(a) o o] b uhajof g &2
OfA] i3kt whebA 7153 71 Wi tholoz gl o] uhko = 24
Stal AeE F=ok% o SC-H-W A Ztf 81 )= F4= ol
A KIS Pyyp) ) 53,0021 360,36V 0] Sick
SC-H-L-W A3 A= 5 step (9 cycle) o] AR LE730] 122 84
Hroll A wtgo] WAYEHHA] BlF-0] A5 AUtk ©]F-9 cycle o] WHE &
Fig. 9(b)olXe} o] 7|53 L g 7de] 178 g3 7ol A o] Aot
o] A &} Hth 1 £, )= F4 AV TS L) & 2F2.283H<]
269.9kN o]tk
SC-H-D-W A A= oFA %9l A2 Holt}r} 8 step (15 cycle) 9]

30
T

flo

68

Moment(kN*m)

() SC-HW

Moment(kN*m)

M=312.54kN*m

-0.015 -0.01 . . - . . 0.015

(c) SC-H-D-W

Fig. 10. Hysteretic moment-rotation curves for specimens

3 1 o] H oA Ak F o] IAYEL7] AJZFSFTE 0132 step (20 cycle)
oA AroflolEf o] TAIRZ HA& FAISHATE o AaA S ol vk
© T tololmale] 11 §3R0lA sitto] aliEgion), A}
o] BEoj A wpeke B E| 2] 931t Fig. 9 (c)oll= SC-H-D-W A& H|¢]

1 9ol Mk o] MAYE FAE molFT gl

AN 0 2 37 A9 1 I oAk 3] 5150) 2.2-3.0 w]9] 31l A
Tt Sl AIRE 1o Itk o] 22 uh o gsE-o] AP ellA 2]
&2 o= 7HA] 8Rlo] &k L}, M ESC 75 dAE AEE &
E7gby B3l 2 4G vl Ao R 2gsn] P A3l Bast Ao
= ke

3.2 0|8 A3

Fig 102 2 AgAle] mAIE-2]a2} olg24e Uehfa glow)
Fig. 110} 2} A A 0] Bl 32} et ehal 34hS et ¢}



Moment(KN*m)
-/./..JI".
B SC-HD-W

s o
VAl las

-0.015 -0.01 -0.005 0.005 001 0015

A SC-HW

# SC-H-L-W

O(radians)

.\-‘_;_V
M“—
v

Fig. 11. Envelope curves of specimens

Table 6. Test results

Maximum Moment

Maximum Load .
& Rotation M | My

Specimen
P Pmax | Amax| Mmax |6 max | M, M,
(kN) | (mm) | (kN'M) | (rad)

(+) | 351.46 | 7.06 281.17 0.009 | 0.90 | 1.09

SC-H-W
(-) [360.31| 6.43 288.25 0.008 | 0.92 | 1.16
(+) 1269.97 | 7.48 215.35 0.010 | 0.69 | 0.83

SC-H-L-W
(<) [269.18 | 7.14 207.97 0.009 | 0.67 | 0.80
(+) | 481.65 | 9.23 385.33 0.012 1.23 | 1.86

SC-H-D-W
(-) |463.77 | 8.28 371.02 0.011 1.19 | 1.79
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Table 7. Initial stiffness(/,,;;;,;) (KN/mm)

SC—H-W SC—H-L-W SC—H-D-W
(+) (=) (+) (=) (+) (-)
K, | 7571 | 72.09 | 7858 | 7252 | 86.60 | 78.86

Specimen
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Fig. 12. Initial stiffness of specimens
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Fig. 13. Ratio of stiffness degradation for specimens
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Table 8. cumulative dissipate energy SC-H-W A&A|= 27] oUA] F= 50| 98 A 0 & el o,
Specimen|  SC—H-W SC-H-L-W | SC-H-D-W SC-H-L-W A2k SC-H-D-W UAAR= ZFeycle of w2} H|5:et &
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