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An Experimental Study on the Structural Performance of Openings at End Steel
Beams

Dong-Ho Han'" , Sung-Kee Yoon®

Abstract : This study was conducted to identify the structural performance of the opening in a location close to the support point in the perforated
beam system of steel beams. In addition, structural performance was determined through experiments on reinforced openings using vertical and
horizontal steel plates. In the steel simple beam, it was found that the opening was in a position closer to the support point, half the height of the steel
beam (D/2), which was more appropriate than the height of the steel beam (D). In addition, the reinforcement effect of horizontal steel plate was greater
than that of vertical steel plate reinforcement. Structural performance was improved when there was no gap between openings and steel plates.
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Fig. 1 Opening Position Restriction Regulation
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Fig. 2 Specimen detail
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Table 1 Specimen schedules

Opening-Support  Reinforcement ~ Opening-Plate
Name distance method distance
[mm] [mm]

SB00-NO none - -
SB15-N1 150 none -
SB30-N2 300 none -
SB15-V1 150 vertical plate 15
SB15-V0 150 vertical plate 0
SB15-H1 150 horizontal plate 15
SB15-HO 150 horizontal plate 0
%SB15-H1 (D simple beam

O] (2 opening —support distance

(3 reinforcement method
@ none : specimen number
reinforcement : opening —plate distance

2L 5 APA| S XA M| E2E AHSRTh

AEA *71]0 112 o33 o] A S Y3t

ARA 748 H-300%150%x9/6.5 A4, Lub7-z2g A7}
A $S275= gtk AgA 9] FHol= 2,000 nMmOE FE
Eoll 100 mm 2] o33} 2= - 7ke] A 2]7} 1,800 mmo] T

N5 728300 mm x 150 mm <! 2:18]-8-2] Az} o),
MNTE-2] ZA = 2H5(R = 16 mm) FE| 2 X 2] 3}

stadgS skl A@A|e S sk ASHAA], &
- AAH #1290 s 2EZUH(t = 9.0 mm)E A X3,
M Bl ARSRE B AL dub2g b AR
$S275(t = 9.0 mm) S AH&3IT},

AA AYL AA R Fg APA Y A AT 7R
2]} X2 o] A ] 150 mm, 300 mm<) A K -3 AF A,
a3 AT 7R 9F A1 A A 014 150 mm ) A B
T AFA Ol 74 ARG 9 5 FRR Al tiste] AT

7R 9 A 2HA 15 mm<l AR 7§90 k4
AR 792 o)A g
FokE 7)ol ARS-E = A7 T 9 mmE SkaL, 43
R A= ATl A B Rl & A5
1/4%1 75 mmE A &3t} AP A= Fig. 2, Table 13 2
| F70E A3k

o

0 —1110

Al o}‘_.
1o o\‘ rlr

o

32 71 A ASAHE
Aol A1 &) 7} Al S Fig, 33 o] A v o] §
Elo A 3] 9 AeE FA ol 288k 14 s Alshg2loth
AH8-E 7FE )= Photo 13} 20] UTMS AH8-3te] 714
st 71l |9 A0] 0 2 | mm/mine] £EE T,



® ©
1,800
i 450 450 ‘ 450 ‘ 450 i
LVDT-1 {]7LOAD LVDT-3
7 <]
fjuvoT-2
A

Fig. 3 Loading Plan

AlIT4d 24 (=] — P\
4. 88 3 L =AM

41 AEXZe| A5tr M

B Ao A 8AE-2 KSB0801S! FE5AF AFAE
Aol wheh YR8 AA7FAI 1 $S275%1 H-300%150%9/6.5
ol A 2FH 3 6.5 mme} 9.0 mm2| A|HH-E A|25He] 2 52
S AT

A 53 o] A= Table 29 231, SAHE HAikQl a+&
ZEE339.84 MPao|H, QIS+ 459.87 MPaE S8 = 3
t}. o] A= F5 AgA o] A Ao &8stk

Table 2 Material experiment results

Photo 2¢} 211, 18] 2+ A iﬂ-/] J]-J»] FAHE Table 354 2+

o] AelstAth
T3 A B0 SBO0-NO A A o] sk -2 7 A 31
TGl A B FHF=o] WASkA, o] § EAMA| wHE=
Ol [l i Il AR = ==y 7 b o R I R PA S - A S
B A A|(SB15-V1, SB-NO)= 35 FH7321 SB15-N1 4

(a) SBO0-NO

(c) SB30-N2

(b) SBI5-N1

(d) SB15-V1

(¢) SB15-V0

(f) SB15-H1 (2) SB15-HO

Photo 2 Failure Shape of the test Specimen

Table 3 Failure Shape of the test Specimen

Name Shape of Failure

. Web — Local Buckling

SB0O-NO . Flange - Local Buckling

. Web — Local Buckling
. Flange - Local Buckling
. Edge of Opening to support - Up

SB15-N1

. Web — Local Buckling
. Flange - Local Buckling
. Edge of Opening to support - Up

SB30-N2

. Web - Local Buckling

. Edge of Opening to support - Up

. Web - Local Buckling
. Flange - Local Buckling
. Edge of Opening to support - Down

SB15-V0

. Web - Local Buckling
. Flange - Local Buckling
. Edge of Opening to support - Down

SB15-H1

Name £, i F, | F,
[MPa] [MPa]
6.5T-1 339.34 463.02 0.733
6.5T-2 324.85 449.61 0.723
6.5T-3 349.01 461.36 0.756
6.5T average 337.73 458.00 0.737
9.0T-1 330.51 457.49 0.722
9.0T-2 334.63 459.01 0.729
9.0T-3 360.71 468.72 0.770
9.0T average 341.95 461.74 0.741
Total average 339.84 459.87 0.739

. Web - Local Buckling
. Flange - Local Buckling
. Edge of Opening to support - Down
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Fig. 4 Load-Displacement Relationship - 1

Table 4 SB00-NO, SB15-N1, SB30-N2 Load and Displacement
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Fig. 5 Load-Displacement Relationship - 2

Table 5 SB15-N1, SB15-V1, SB15-V0 Load and Displacement

Yield Ultimate Yield Ultimate
Name Load Displacement Load Displacement Name Load Displacement Load Displacement
[kN] [mm] [KN] [mm] [kN] [mm] [kN] [mm]
SBOO  377.12 13.36 422.61 30.10 SB15  199.04 11.41 219.08 17.23
-NO (1.895) 1.171) (1.929) (1.747) -N1 (1.000) (1.000) (1.000) (1.000)
SBI15  199.04 11.41 219.08 17.23 SBI5  208.59 12.01 230.51 19.11
N1 (1.000) (1.000) (1.000) (1.000) -Vl (1.048) (1.053) (1.052) (1.109)
SB30 195.30 11.05 213.74 16.95 SB15 223.50 12.16 25523 22.22
-N2 (0.981) (0.968) (0.976) (0.984) V0 (1.123) (1.066) (1.165) (1.290)

% () : ratio to result of SB15-N1
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% () : ratio to result of SB15-N1
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Fig. 6 Load-Displacement Relationship - 3

Table 6 SB15-N1, SB15-H1, SB15-H0 Load and Displacement

Yield Ultimate
Name Load Displacement Load Displacement
[kN] [mm] [KN] [mm]
SBI15 199.04 1141 219.08 17.23
-N1 (1.000) (1.000) (1.000) (1.000)
SBI15 308.69 14.45 387.07 41.25
-H1 (1.551) (1.266) (1.767) (2.394)
SBI15 329.34 14.01 421.87 5547
-HO (1.655) (1.228) (1.926) (3.219)

% () : ratio to result of SB15-N1
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Fig. 7 AISC Propose Value - 1 Fig. 8 AISC Propose Value - 2

Table 8 AISC Propose Value - 2

Name SB15-N1 SB30-N2 SB15-H0
M, [kN'm] 67.50 90.00 67.50
V., [kN] 150.00 150.00 150.00
M, [kN-m] 118.78 118.78 127.40
Vi [kN] 56.56 56.56 132.33
Ry 2.66 2.67 1.17
M,, [kN-m] 49.29 64.12 94.92
Ve [kN] 109.54 106.87 210.94
Ry, 1.73 1.77 0.90
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