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Seismic Performance of Shear Dominant Hybrid Steel Link Beam with
Circular Web Opening

Lim, Woo-Y oung'*
'Assistant Professor, Department of Architectural Engineering, Wonkwang University, Tksan, 54538, Korea

Abstract - Cyclic loading tests for shear dominant hybrid steel link beams with circular web openings were performed to evaluate
the seismic performance. Four half-scaled specimens with bolted connections were tested. The test parameter is a diameter of the
web opening, i.e., shear strength ratio ( v,/ V) of the link beam and presence of top-seat angles. Using test results, adequate design

shear strength of link beam was finally suggested. Test results showed that when the shear capacity is less than half of the plastic
shear strength, seismic performance was improved due to mitigation of pinching under reversed cyclic inelastic deformations.
Keywords - Circular web opening, Hybrid steel link beam, Seismic performance, Cyclic loading test, Pinching
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Fig. 1. Moment and shear distribution in monolithic link beam
system and steel link beam system with bolted connections

A2s8lo] Bk 945 Ul
ur} 559 24 4

7%= Zlo] a3t

o] Aol A e sl Ade Sl A A2E fHo

oZ:

¢

fllo

flr ¢

golAl Kol

03 ATHE AAef0] QRO M-S AT 4
A9 WS

9] Al sk Bl &
¥4 H](equivalent viscous damping ratio, &
g 4 Wlelsh

ZF A

Fig. 2= Lim et al.(2016) 0] A

uiA] Aatse

J5-2 Qb B, APATE
.E.
T =

L solnel= A AR A|ATE BelZTh PC W3
Yalgol A anele) Az

H(embedded steel beam)S

o= AdHeke] HE ¢

73 AN PO WA 3

AE YZ(top—seat angles

at7] Sla) AR A ol B0l 27

o] ] 422 W] iz} YaHEIch, HoAE o
bl

AL
AN AEEE
27HA A%

S~

o

= Sl A il v

rTo ]
re o
i

)

Fig. 2. Hybrid steel link beam system with bolted connection
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Fig. 3. Details of test specimens
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Web of the steel coupling beam 5 mm thick 426.3 459.6
Web of the embedded steel beam 7 mm thick 425.6 610.4
Steel plates Stiffener of the steel coupling beam and embedded steel beam| 10 mm thick 304.3 417.5
Flange of the steel coupling beam and embedded steel beam| 11 mm thick 305.1 463.3
Bolted connections 12 mm thick 311.6 4353
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Closed hoops along the embedded length D16 3543 645.4
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Fig. 4. Test setup and loading schedule
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Table 2. Summary of test results
At peak At failure
. Positive (+) Negative (-) Positive (+) Negative (-)
Specimens N " - — N " - —
A@ Vpeak 0&! Vpeak peak A@ Vpeak b@ Vpeak V;eak Af 0f V? Af 0f V}T
(mm) (%) (kN) | (mm) | (%) (kN) | (mm) | (%) (N) | (mm) | (%) (kN)
SCB1 13.4 1.84 132.0 -13.6 -1.86 | -123.8 | 342 4.69 88.8 -352 | -4.82 -76.9
SCB2 17.8 2.44 174.0 -23.1 -3.17 | -168.0 | 32.8 4.49 110.1 -334 | -4.58 | -1103
SCB3 25.6 3.50 250.9 -25.0 -3.42 | -2393 353 4.83 176.1 -35.8 -490 | -140.8
SCB4 25.8 3.54 131.2 -26.5 -3.63 | -125.0 | 393 5.39 102.7 | -41.0 | -5.62 -90.7
At yieldin;
Y 1 g kl/ vacuk/l/;
Positive (+) Negative (-) (kN/mm) (4/4)
Specimens
47 5 iolo4A 5 v
. ) ) ) ) () )
(mm) (%) N) | (mm) | (%) (kN)

) “) ) ) ) ) -102.0 | 25.0 14.6 1.13 1.06 8.4 5.0
SCBI1 4.1 0.56 102.1 -7.0 -0.96 | -102.0 | 25.0 14.6 1.13 1.06 8.4 5.0
SCB2 13.1 1.79 149.3 -18.0 247 | -153.6 11.4 8.5 1.05 1.02 2.5 1.9
SCB3 21.8 2.98 248.9 -24.5 -3.36 | -2393 11.4 9.8 0.94 0.90 1.6 1.5
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Fig. 7. Failure mode of steel link beams at the end of the test
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Fig. 9. Strain distribution of the flange
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