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Abstract - In this study, a circular web opening was installed to evaluate the seismic performance of a 900 mm deep beam-to-
column connection with a non-scallop method applied as a special moment frame (SMF). As the specimens, a specimen without
an opening, a specimen with a circular opening, and a specimen with circular and rectangular opening were fabricated. As a re-
sult of testing, all specimens showed ductile behavior without brittle fracture of the beam-to-column connections up to 6 % story
drift ratio, and satisfied the requirements of the SMF. As the circular opening was present, the plastic hinge was expressed near
the circular opening, and it is considered that brittle fracture of the beam end could be prevented.
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Fig. 1. The effect of openings in deep beams
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Table 1. Check of members in deep beam-to-column connection

9319 - BT - BT

Member Size Width-thickness Unbracid length SC/WB ratio Shear strength ratio”"
ratio (mr’h) (ZMPL/Z Mpb) (R,,/(Mpb/db))
H-900x300x16x28 -
Beam (SHN275) Seismic compact 3,110 1.28 0.64
>M,.=4,480.10 kN-m (1.18)
H-428%x407x20%35 .. >M,,=3,493.88 kN'm :
Column (SHN355) Seismic compact 4,460 P
*L,, means the limiting laterally unbraced length for the limit state of yielding.
""The value in parentheses was the shear strength ratio when two 10 mm doubler plates were applied.
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Fig. 2. The moment diagram for opening design

AP E BA 0] RHl E Tof| A 19 552 91| whe

A9l B 48735k 0] Aol 7t A E. AP
NFRE FAAE 4 Qe 7S 30 ® FE0IE
o A 7h7-7-2] $12171 Fig. 2 W Zone (0 mm - 500 mm)
of AR B, FAY] HAEy 4287 %0] & Ao|=
H-715 HEHFolA 24R1A] & Qlo] mito] E Ao g
= ok ESE Zone 3)X(1,000 mm - 1,500 mm)o]] L& 74
22 AT B0k R ATRON Bg o] £
R R ot £4RA S A S A0 B
HEIt}. wEbA Zone 2)(500 mm - 1,000 mm)©fl 1% 7+
HE A RS Aol AR #1444 wit glo] 93
RO A AFRNRA Rt A A 0 = o
ES o YR vl 28]l A 248714 W %
A2 B &9 Art ol HolRl KL, > dy/2) 2. 2 HA5tL
U0l & AFollM = AP AFF-2] FIAIE Zone @0 B4
St= A0 2 HAE APkt

o] =728} 3| o A gt i A A 7ho] =)A=
AP 7M7) 2715 AA H 521 70 % o= Algtksal
Ut WEbA B F 900 mm Hoj| A= 9F 7R 2717t
oF 600 mm7HA] 7}s-sht. T2y (g AR 7)o Tt
F| R AIQSIAL UA] ehot, 229 A AFF 275
A7g517] Yate] du] feta s 4 AT1E oot ¢
& 750 217]9) Hdghe He] AL BHEM,)0] o
95 % =% ¥ 752 A& 350 mmFE FHGgE A&
600 mm7HA] A5 50 mm TP 2 H75}o], Table 20] 412}
Zo] it 2710 whE AT HAIS BlE&o] wet F 671
o] Rt Axsf A mEof jsto] A/ A| T o RE 59
2|4 0] 99 TR 27|E 3™ A ZESFaLA}L Bt

SEITESNE] 0 A A Z(EUA1735) 20219 89 227



A9 TS 2 92 Y 215 AYRe YAAE

Table 2. Plastic section modulus ratio according to the dimen-
sion of the circular web opening

Dimension of Ratio of Plastic section
circular opening to modulus
opening beam depth at opening 217"
D D/d, Zp
(mm) (%) (x10° mm?)
- 10.50 1.00
350 38.9 10.01 0.95
400 44 .4 9.86 0.94
450 50.0 9.69 0.92
500 55.6 9.50 0.90
550 61.1 9.29 0.88
600 66.7 9.06 0.86

*d, means the depth of the beam, and it is 900 mm.
""Z was the plastic section modulus of the deep beam(= 1.05x10” mm?®).
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Table 3. Preliminary FEA results

Maximum Normalized
load-displacement M-0
Model q .
Loa Dis. *
(N) mm) | "™ | (rag)
+ 872.03 249.99 1.11 0.050
BASE
- 881.82 248.42 1.12 0.050
+ 864.99 250.78 1.17 0.050
C350
- 874.67 249.21 1.19 0.050
+ 857.78 250.78 1.18 0.050
C400
— 867.21 249.21 1.19 0.050
+ 841.66 247.64 1.17 0.050
C450
- 848.17 249.21 1.18 0.050
+ 810.92 150.47 1.14 0.030
C500
- 813.33 149.69 1.14 0.030
+ 773.71 120.84 1.10 0.025
C550
- 776.02 121.47 1.11 0.024
+ 728.26 87.46 1.06 0.017
C600
- 728.63 85.89 1.06 0.017
*M,, was the plastic moment at plastic hinge location.
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Fig. 4. Load-displacement curve of FEA

25 =5 433 A4S (EE A1735) 20214 8Y 229



(a) Legend (b) BASE
(e) C450 (f) C500

= e

(c) C350 (d) C400
(g) C550 (h) C600

Fig. 5. von-Mises stress distribution at 5 % story drift ratio
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Table 4. Specimen list

Specimen” Web opening Opening size
B - -
C Circular D500
CR Circular + rectangular D500 + 0400800

B: base specimen; C: circular opening specimen; CR: circular and rectan-
gular opening specimen

v
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K—/K Remove backing bar and reinforcement of weld

s . )
Remove backing bar and reinforcement of weld
——

inforcement of weld

L = <CJP

Remove backing bar and reinforcement of weld

Fig. 6. Non-scallop welding method
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Fig. 7. Details of specimen Fig. 8. Loading protocol

Table 5. Coupon test results

) Young’s modulus Yield strength Tensile strength Elongation Yield ratio
Steel Specimen F, F, Y F.JF
(GPa) (MPa) (MPa) ) v/Fu
16T (web) 216.97 370.80 479.78 27.94 77.26
SHN275
28T (flange) 207.90 303.20 462.15 31.73 65.61
KS D 3866 - 275 -395 410 - 520 21 or more 85 or less
20T (web) 213.43 419.84 570.54 22.19 73.57
SHN355
35T (flange) 212.53 374.30 564.12 25.74 66.35
KS D 3866 - 355-475 490 - 610 21 or more 85 or less

The result values of all coupon test were the average value of three specimens.
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Table 6. Test results
' I.niti al Yield point Maximum point M ax. plastic Failure
Specimen SR Moment™ | Rotation angle Moment™ | Rotation angle rotation angle mode”™*
(kN/mm) (kN-m) (rad) (kN-m) (rad) (rad)
5 + 031 3,648(1.16) 0.0205 3,991(1.27) 0.0371 0.0466 LB
- 3,855(1.23) 0.0219 4,352(1.38) 0.0402 0.0435 LTB
. + 058 3,550(1.25) 0.0176 3,899(1.37) 0.0359 0.0488 LB
- 3,595(1.26) 0.0176 4,101(1.44) 0.0338 0.0473 LTB
. + 0.5 3,666(1.29) 0.0188 4,072(1.43) 0.0362 0.0464 LB
- 3,584(1.26) 0.0182 4.211(1.48) 0.0370 0.0370 LTB

"The initial stiffness was obtained from through the first cycle of 0.375 % story drift ratio.
“"The value in parentheses is the value obtained by dividing the moment at column face by the M, , at the plastic hinge.

"B and LTB mean local buckling and lateral torsional buckling, respectively.
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Fig. 11. Moment-rotation curve of specimen B
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Fig. 13. Moment-rotation curve of specimen C
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Fig. 15. Moment-rotation curve of specimen CR
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