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Evaluation of Simple Tensile Strength of Internal Diaphragm
According to Cross Sectional Shape
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Abstract - Within the diaphragm looking at the load transfer path (load transfer mechanism) most of the tensile force of the beam
flange is directly transmitted to the rectangular steel tube column with the internal diaphragm, some tension due to the defect
section of the diaphragm is transmitted to the concrete. In other words, the shape of the inner diaphragm and the size in contact
with the column surface are the main variables in the tensile force. The experiment to produce a simple tensile test 12 specimens
by the joining details of internal diaphragm (T-shaped horizontal frame binding) as variables was performed. Simple tensile test
specimens consisting of a binding frame showed a safety of action than that of the charged concrete pillars, but shows a relatively

similar to the initial stiffness and strength.

Keywords - Internal diaphragm, Mega column, Load transfer mechanism, Square CFT column to beam
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Fig. 1. Beam to column moment connection
with internal diaphragm plate
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(a) Horizontal type stiffener

(b) Binding frame type

(c) T-stiffener type

Fig. 2. Suggested shape of internal diaphragm
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Table 1. Experiment list

Left

. Con’c | Section | Flange
No. Internalhdlap birpigin filled size size
shape or not (mm) (mm)
N1 Non-reinforced o 150x10
T1 X 500%500
T2 Tosti o
-stiffener
(106x28x14x14) 15014
T3 o 650%x650
T4 o 800x800
T5 X
T-stiffener
(106x20x10x10)
T6 o 150%10
T-stiffener
7 (80x20%10x10) °
BI o 500%500
Binding frame
(60x60x10)
B2 o 100%8
Binding frame
B3 (40x40%10) °
Horizontal type stiffener
HE hi. = 10, hole =200) | © 150x10

(c) Horizontal type
stiffener

(a) T-stiffener (b) Binding frame

Fig. 3. Internal diaphragm shape for experiment
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Fig. 5. Measurement of rotation of strain gauge
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Table 2. Coupon test results

33039 AF

Grado | Thickness | Yieldstrength | Tensile srength oRie] ARAe 1 ZWA|o) Y7 (necking) Bkl %
St (MPa) (MPa) 5T Theko & olo| k. Fig 69 2t @ A2 e

8 483 528 o] 24 gt F=E A AR AP 5Ielt). YR thojoj

SM355 10 450 536 o] gli= AAAND Q] - H S| A LAY == 1
14 366 478 g3 715 SYFOIA AR A HAA EZ5HA 1] &

=o| FAFct. vh tho]oj o] Y iof QAR EAZE

Table 3. Concrete compressive test results 7} 2AE] 7] 9k AJA|(T1, T5, B1)2] -9, thoo] e w}
Normal strength Mold size Mean strength 716 H E= 7|5 HY B SR 9] 8 FT witE= 34
(MPa) (mm) (MPa) o0& Aglo] FrEQIth 2AETL 715 W S

24 ®100x200 27 K tholojzzglio] Q=871 AP Ao A=, B EHA7F

Sk

(a) N1 (b) T1 () T2 (d) T3
(out-of-plane buckling (crack in stiffener weld) (necking) (weld fracture)
of the central plate)

(e) T4
(necking at beam flange)

) T5
(weld fracture)

(g) T6
(necking at beam flange)

(h) T7
(necking at beam flange)

R =

P

(k) B3
(necking at beam flange)

(i) Bl
(crack in binding frame weld)

() B2
(necking at beam flange)

(necking at beam flange)

Fig. 6. Failure mode
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o) AP S BT, e o] 29] 2ol A3

Tensile load

7} atgo] Aot HA | = P UER T (kN)
No. Yield Maximum | Design
3.4 51=-HY A load load load Py /Py,
P, W P, max,t P, y,th
QSR AA 9 shs-H e IS = Fig. 70 N1 121 453 675 0.18
7t AFAE R Aottt 2 AEA Q] FEoE(P) D Tl 451 514 769 0.59
S (Praxs), A OI‘F(P, )= Table 42F 2T}, 71 W& T2 760 952 769 0.99
Z AA= T Q 1
& AAHE(Py) B 386 kN, 675 kN, 769 kNO| U2 7] ™ 771 1,029 769 1.00
L QF Al o7 7+ H Z3 ] Q] thiH A
=A% ]2‘:'q] iz g=udieol 2t 19l T4 771 1,069 769 1.00
1 2,1 =3t Zro =4
(800 mm}’ ’SO;mm} ;)O]rgm y= B gtertt TS 412 480 675 0.61
74 S E[_EL o d SF A 127 87fo
otz T g g A= 1271 F 870, 2} s s 786 e 0.9
Aol BF B EWA U)X Yo E Fed= I 5
ol10] T7 701 799 675 1.03
ME} Bl 174 220 386 0.45
NI A8A9] A9 2 colojara glo] Aats|giom, '
B2 377 510 386 0.98
748 A] 121 kNOJA] 4 Y5 248 221229} o]
gesioict #1454 0 2 7o) Wo] 47 A H s E B3 S I o S U
453 kNO A S 0] w5 o] WAIstect & | 07 | 80 ] e | ues
1,200 1,200 1,200 1,200 —
~ 900 ~ 900 P, =769 kN ~ 900 “l/kl' P,p =769 kN — 900 )/ 'le,,h =769 kN
Z P, =675kN z z L z +
< & & N
5 600 3 600f 5 600 5 600
3 D CI Y 5 3
300 300 300 300
0‘ - 0 0 0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm)
(a) N1 (b)) T1 (c) T2 (d) T3
1,200 1,200 1,200 1,200
= 900 P, =769 kN = 900 Py = 675 kN > 900 P, =675kN > 900 By = 675 KN
= = - = =4
:;;7 600 ;g 600 P § 6001/ .g 600 [t--
g N & ( -
300 300 300 300
0 0 0 0
0 10 20 30 40 0 100 20 30 40 0 10 20 30 40 0 10 20 30 40
Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm)
(e) T4 ®T5 (g) T6 (h) T7
1,200 1,200 1,200 1,200
900 900 900 900 /_} b e
Z Z Z Z (3 yih =
= 600 < 600 Pun= 38ﬁf‘\N < 600 < oolf”
§ Py = 386 kN E ) —9) E e Py =386 kN §
300 P 300 f’ 300 f 300
0 0 0 0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm)
(i) B1 (j) B2 (k) B3 (1) H1

Fig. 7. Load - displacement curve
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[ > l\ ——500 kN
15

Gauge no.
(=)
Gauge no

| J

0 1,000 2,000 3,000 4,000 5,000 1,000 2,000 3,000 4,000 5,000

Strain (x 10°%) Strain (x 107%)
(a) NI (b) T1
16 16
- 100 kN —— 100 kN
——300 kN —-300 kN
g‘ —=500 kN g -2 500 kN
s =700 kN s
@ 15 — 800 kKN @15
8 900 kN S
14 = 14
1, 000 2 000 3,000 4,000 5,000 0 1,000 2,000 3,000 4,000 5,000
Strain (x 10°%) Strain (x10-%)
(e) T4 ) TS
14 14
——100 kN —=100 kN
—=200 kN —=200 kN
> —-300 kN
13

Gauge no.
Gauge no

ISY
121 12
0

1,000 2,000 3,000 4,000 5,000 0
Strain (x10°)

(i) B1

1,000 2,000 3,000 4,000 5,000
Strain (x 107%)

() B2

7 % 7V 940 e w917k 9 0.2 Wb vhl
93 vhrfolol el APR|(B1 - B3) 515 W] TAS 1,
1% 282 AHA) ] tholo] 23 Bkt 8ol
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16 16
V —— 100 kN - 100 kN
—=300 kN =300 kN
g —-500 kN g —-500 kN
% 15 / ——700 kN S s ——700 kN
=y ——800 kN 2 —— 800 kN
S ——900 kN S 900 kN
14 14
0 1,000 2,000 3,000 4,000 5,000 0 1,000 2,000 3,000 4,000 5,000
Strain (x 10%) Strain (x 10-%)
(c) T2 (d) T3
16 16
—— 100 kN - 100 kN
—-300 kN —-300 kN
g \ ——500 kN g v
——700 kN
%15 %15 X }
= =1
< <
] o] —-500 kN
——700 kN
——800 kN
14 l2< 14
0 1,000 2,000 3,000 4,000 5,000 0 1,000 2,000 3,000 4,000 5,000
Strain (x 10-%) Strain (x10°%)
(g) T6 (h) T7
14 13
—— 100 kN -o-100 kN
—-200 kN =300 kN
g \ =300 kN g —-500 kN
5 5 ——700 kN
%13 & 12 —— 800 kN
< <
] G]
12 111k
0 1,000 2,000 3,000 4,000 5,000 0 1,000 2,000 3,000 4,000 5,000
Strain (x 107%) Strain (x 10-%)
(k) B3 (1) H1

Fig. 8. Strain distribution by load step
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Table 5. Performance comparison according to diaphragm shape
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Table 6. Performance comparison according to diaphragm size
No Initial stiffness Ratio Yiel;)i — Ratio Maxigum load Ratio
: (KN/mm) (T7/T6), (B2/B3) (kf\‘f) (T7/T6), (B2/B3) (l'(“f\’]‘)’ (T7/T6), (B2/B3)

T6 275 1.17 667 0.95 786 0.98
T7 321 1.00 701 1.00 799 1.00
B2 212 1.70 377 0.98 510 1.08
B3 125 1.00 383 1.00 474 1.00
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Table 7. Performance comparison according to column shape
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