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Simple Tensile Test Evaluation for Determining Thickness
and Spacing of Single-direction Vertical Diaphragms
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Abstract - In column-beam connections, the diaphragm functions as an element that efficiently transmits loads. It is categorized
into various types based on its position and shape. Vertical diaphragms are particularly straightforward to manufacture and
assemble. The aim of this paper is to propose a design formula for determining the thickness of vertical diaphragms. Simple
tensile tests were conducted, varying the diaphragm spacing and the thickness of the front plate. All experiments demonstrated
stable behavior beyond the yield strength of the beam flange. Consequently, increasing the thickness of the front plate enhanced
the connection's rigidity. A greater distance between vertical diaphragms resulted in less extension beyond the front plate,
facilitating load transmission with higher rigidity and minimal deformation.
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(d) General
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(e) Vertical diaphragm

Fig. 1. Column to beam connection type
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Fig. 2. Load transfer mechanism
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Table 1. Review of tensile stress ratio for each member

s | 1o T [ copty [ oty e
Flange 20 300 2,130 1.00
Vertical Dia. 20 h:165 284 0.13
Front (L1) 20 80 1,513 0.71
Front (L2) 20 140 994 0.46

Table 2. Specimen list (Unit: mm, kN)
. diaphragm | Front plate P
. P d
No. | Specimen spacing(Z,) | thickness 13 N)
1 D40-24 40 24 2,366
2 D70-22 70 22 2,149
2,160
3 D140-22 140 22 2,789
4 | D140-18 140 18 2,064
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Fig. 5. Specimen detail (D140-18)

Fig. 6. Boundary condition
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Table 3. Material property of steel

Plate E F, F, El ti
: v Fy / Fu ey OIloga 10n
thick. | (MPa) |(MPa)|(MPa) (%)

9 mm | 209,269 | 501.7| 539.0 | 0.93 |0.002400 153

18 mm| 213,732 288.3 | 403.3 | 0.71 |0.001350 31.6

20 mm| 194,402 | 360.0 | 436.7 | 0.82 |0.001867 28.4

22 mm| 216,508 | 350.0 | 398.3 | 0.88 |0.001617 29.3

24 mm| 231,045 | 385.0 | 431.7 | 0.89 |0.001667 26.0
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Table 4. Comparison of experimental results with nominal

strength

D40-24 | D70-22 | DI140-22 | D140-18
Py 2,880 kN (2, : 2,140 kN)
@DP, | 308 [0.11| 280 |0.11| 280 |0.09| 230 |0.10
@P, | 284 |0.10| 497 |0.19| 994 |0.32| 994 |0.43
@ P, |1,774]0.64| 1,372 [0.54 [ 1,524 [0.49 | 840 |0.36
@P _col | 395 [0.14| 395 |0.15| 282 |0.09| 233 {0.10
TP ,(2,761| 1.0 | 2,544 | 1.0 {3,080 | 1.0 (2,297 | 1.0
*P/P,| 129 1.19 1.44 1.07
P 4| 2366 2,149 2,789 2,064
LP/P,| 1.10 1.01 1.30 0.97
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