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An Experimental Study on the Structural Performance of Steel Beam with Opening

Close to End Subjected to Cyclic Loading

Dong-Ho Han'"

Abstract: In the existing study of steel beams with openings, openings are located at a location where the distance to the support point is equal to
or greater than the section height. Considering the facilities using the openings in the steel beam, the distance from the opening to the support point
may be closer than the height of the beam section. Therefore, research on this is needed. This study is an experimental study to understand the structural

performance of beams with openings close to the ends subjected to Cyclic Loading. In addition, in this study, we want to understand the structural
performance through experiments on beams with openings reinforced with vertical or horizontal steel plates.
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Fig. 1 Opening position restriction regulation

Limit
Parameter - - - Comment on Limit
Circular Opening | Rectangular Opening
Max depth of opening <08h <07h Expe.rlence §hows tl}ls to be a practical ln.mt f9r economic design.
This is consistent with the other geometrical limits below
Min depth of Tees =t,+30mm >0.1h Practical limit, based on draft Annex N of ENV 1993-1-1:1992.
Min depth of Top Tee As above As alf)ove afld =0.11, | To limit .local deformation and stability of the top Tee during
if unstiffend construction.

Max ratio of depth of Tees Asymmetry of opening position can cause web-post moments. It
hy/hy =3 =2 is preferable to provide an upward (positive) eccentricity of the

h/h, 05 > opening in the web depth.

t — V. =

- <1.5h, high shear

Max unstiffend opening length, [,

- =2.5h, low shear

The limit of the aspect ratio, [ /h,, limits the deformation across

- <2.5h, high shear

the opening and also tension in the shear connectors. Stricter limis
are required for openings in high shear regions.

Max stiffend opening length, [,

- =<4h, low shear

Min width of web-post

The design of the web-posts is subject to further checks. It is

Low shear regions =0.3h, =0.51, recommended that stricter limits are adopted for openings in high
High shear regions =0.4h, =5 shear regions,
Corner radius of rectangular B To=2t, Pre-drilled holes at the corners of the opening ensure no over-
openings but 7,>15mm cutting and avoid a reduction in local plastic resistance of the Tee.
Min width of end-post, s, >0.5h, >] and =h, The minimum width qf web-post depe.nds also on the type of end
) connection and the build-up of forces in the shear connectors.
Min horizontal distance to point load The distance to the point load is measured from the nearer edge of
No stiffeners =0.5h =h the opening. A separate check is required on web buckling at
With stiffeners =0.25h, >0.5h point load positions.
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Fig. 2 Specimen detail
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Table 2 Specimen schedules

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

CBO00-NO none - -
CB15-N1 150 none -
CB15-V1 150 vertical plate 15
CB15-V0 150 vertical plate 0
CB15-H1 150 horizontal plate 15
CB15-HO 150 horizontal plate 0
¥CBI15-H1 D cantilever beam

(OR®) (2 opening —support distance

@ reinforcement method
@ none : specimen number
reinforcement : opening —plate distance
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Table 3 Standard loading history Fig. 5 Standard loading history
. Displacement . .
Step Cycle Radian [mm] Table 4 Material experiment results
1 01~06 0.00375 5.23 F F
Name v v |E, | F, 06 E
2 07~10 0.00500 6.98 [MPa] | [MPa] [%] [MPa]
3 11~14 0.00750 10.46 6.5T-1 339.34 | 463.02 | 0.733 | 0.1677 | 202,349
4 15~18 0.01000 13.95 6.5T-2 349.01 | 46136 | 0.756 | 0.1645 | 212,164
5 19~20 0.01500 20.93 6.5T average | 344.18 | 462.19 | 0.745 | 0.1661 | 207,257
6 21~22 0.20000 27.90 9.0T-1 330.51 | 45749 | 0.722 | 0.1646 | 200,796
7 23~24 0.30000 41.85 9.0T-2 360.71 | 468.72 | 0.770 | 0.1704 | 211,684
8 25~26 0.40000 55.80 9.0T average | 345.61 | 463.11 | 0.746 | 0.1661 | 206,240
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Table 5 Failure shape of the test specimen

Name Step Crack Local Bucking

4 |Flage End

CB00-NO 5 | Web End
8 Base Plate
3 | Web Opening

CB15-N1 4 Web Opening
7 | Flage Opening | Flage Opening
5 | Web Opening

CB15-V1 6 Web Opening
8 | Flage Opening | Flage End
5 | Web Opening

CB15-V0 6 Web Opening
8 | Flage Opening | Flage End
4 | Web Opening

CB15-H1 6 |Flage Opening | Flage End
8 Web Opening
4 | Web Opening

CB15-HO 6 |Flage Opening | Flage End
8 Web Opening
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Fig. 6 Load-Displacement Relationship — 1

Table 6 CB00-NO, CB15-N1 Load and Displacement

Target displacement
Yield load point step 5 step 7
Name £20.93 mm | :41.85 mm
8, [mm] P, [kN] | Load [kN] | Load [kN]
21.659 139.326 108.437 148.308
CB00-NO
(0.905) (1.383) (1.367) (1.356)
23.927 100.777 79.318 109.383
CB15-N1
(1.000) (1.000) (1.000) (1.000)

% () : ratio to result of CB15-N1
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Table 7 CB00-NO, CB15-N1 Comparison of theory and test results

Name M : theory [kN-m] M : test [kKN-m]
CB00-NO 1274 (1.072) 128.9 (1.383)
CB15-N1 118.8 (1.000) 93.2 (1.000)

% () : ratio to result of CB15-N1
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Fig. 7 Load-Displacement Relationship —2

Table 8 CB15-N1, CB15-V1, CB15-V0 Load and Displacement

Target displacement
Yield load pOil’lt step 5 Step 7
Name :20.93 mm | :41.85 mm
4, [mm] P,[kN] | Load [kN] | Load [kN]
23.927 100.777 79.318 109.383
CB15-N1
(1.000) (1.000) (1.000) (1.000)
16.536 97.938 87.669 110.741
CB15-V1
(0.691) (0.972) (1.105) (1.012)
23.003 100.285 79.201 108.299
CB15-V0
(0.961) (0.995) (0.999) (0.990)

% () : ratio to result of CB15-N1
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Table 9 CB15-N1, CB15-H1, CB15-HO Load and Displacement

Target displacement
Yield load point step 5 Step 7
Name :20.93 mm | : 41.85 mm
5, P, Load Load
[mm] [kN] [kN] [kN]
23.927 100.777 79.318 109.383
CB15-N1
(1.000) (1.000) (1.000) (1.000)
22.253 116.244 98.812 125.374
CB15-H1
(0.930) (1.153) (1.246) (1.146)
21.986 124.243 96.703 130.608
CB15-HO
(0.919) (1.233) (1.219) (1.194)

¥ () : ratio to result of CB15-N1
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Table 10 Energy absorption capacity and residual displacement at step 8

Residual Displacement
- Displacement with zero load -
[mm]

Energy absorption
Name capacity

[KN-m]
- + Total

(0.712) |-24.909 | 22.112 | 47.021 (0.778)
(1.000) |-29.639 | 30.815 | 60.454 (1.000)
(1.004) |-29.458 | 28.588 | 58.046 (0.960)
(1.038) |-29.912| 29.243 | 59.155 (0.979)

CB00-NO | 6.962
CB15-N1| 9.780
CB15-V1| 9.815
CB15-V0| 10.151

CBI15-H1| 9.480 (0.969) |-26.676| 27.065 | 53.741 (0.889)

CB15-HO| 8.568  (0.876) |-25.271| 24.868 | 50.139 (0.829)
% () : ratio to result of CB15-N1
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