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for External Diaphragm Stress path
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Abstract - Concrete filled tubular structure should be installed diaphragms for moment connection. However internal and
through diaphragm should be special welded when connected to column tube. The other hand, that has become increase of stress
concentration and extend of construction error. Therefore, In this study the seismic performance of beam to column connections
with External Diaphragms and implement cycle loading experiment. we had evaluated seismic performance with mentioned
experiment which is concrete filled or not, variable shapes, to be welded or not of diaphragm. Also, formula of strength of
external diaphragm was analyzed and looked into adequacy with regard to formula of tension strength.
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Fig. 1. Simple tensile detail of external diaphragm Fig. 2. Stress path of column to beam connection

Table 1. Specimen list of simple tensile!”

Col. Flange Diaphragm Flanee Column-dia welded 30MPa Con'e
No. (SM490) (S5400) (55400) & () filler weld throat .
- - - - welded . Filled or not
[1400x6 Wid. | Thick. | Wid. Thick. < >: plate width
1 200 16 135 16 O 1(6mm) O
2 200 16 135 16 x 1 O
3 Welded 200 16 135 16 x 12 O
Built-up
4 S 200 16 135 16 x 1 x
quare
5 300 20 200 20 x 1 O
6 200 16 135 16 O - O
7 General 200 16 135 16 O - O
8 1~6 200 16 135 16 x 1 <120mm> x
9 Same 200 16 135 16 x 1 <120mm> O
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(a) CASE 1

(b) CASE 2

Fig. 3. External diaphragm connection
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Table 2. Specimen list

A

1 O

Bt

‘ | |om

4
“ wall

3500mm

Actuator
o

3000mm

3500mm ||

s 1]
B i
4, o lateral buckliplg Prevention
“ a4

4 YWt Baser

TITIT 1s00mm

Fig. 6. Boundary condition
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External diaphragm Column-Beam
Specimens Column Beam crnatl Giapirag Welded Column-Dia- 30MPa
P [SM490] [SS400] Width | Thick. Welded Con'c Filled
Upper | Bottom Upper | Bottom
(mm) (mm)
FOOXX | []-400x6 | H-500x200x10x16 ) o 135 16 X X o Filled
FOXX0 |[J-400x6 | H-500x200x10x16 0 X 135 16 X 0 o Filled
NOOXX | [1-400%6 | H-500%x200x10%16 [ [ 135 16 X X ) Hollow
T-bar T-bar .
FTTXX |[1-400%6 | H-500x200x10x16 (120mm)| (120mm) 135 16 X X o Filled
T-bar T-bar
NTTXX | []-400x6 | H-500%x200x10%16 (120mm)| (120mm) 135 16 X X [ Hollow
FOOXX* | [J-400x9 | H-588%x300x12x20 o 0 200 20 X X 0 Filled
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Table 3. Results of coupon test

Thick.| Fy Fu | Fy/Fu | Elongation
Th
pe | Gread| oy | ovpay | (MPa)| (%) | (%)
SM | 6 | 384 | 487 | 78.8 23.9
Tube
490 | 9 | 431 | 533 | 80.1 22.7
-m 20 | 302 | 432 | 69.9 22.9
SS | 10 | 356 | 499 | 713 25.1
H-web
400 | 12 | 303 | 419 | 723 27.5
H 16 | 338 | 498 | 67.8 25.6
-flange 20 | 275 | 406 | 67.7 29.8

Table 4. Compressive strength of cylinder

Cylinder size Compressive strength (MPa)
($100x200) 7 Days 14 Days 28 Days
Average 13.70 17.05 22.05
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Fig. 8. Estimation method of initial stiffness and yield strength

=2t =24 A26d A4E(Ed A131%) 20149 89 315



2y 29

B9 5 2 AT} TR Table 5 2H A4 8 gEals
(P,) R AFEHI(,), Hsls(r,), 27173 (k)< Uehd
ZAitolc}, 7FEugke) Qo] ‘+'= Negative, ‘— = Positive
Table 5. Test results of strength and stiffness
Py | o e
(mm) (kN) (kKN/mm)
+ - + - + - + -
FOOXX | 102 | 111 | 17.6 [ 16.3 ] 202 | 197 | 5.8 | 6.8
FOXXO0 | 95 35 |257] 6.8 | 161 | 70 | 3.7 | 5.1
NOOXX | 68 79 | 183|143 | 164 | 162 | 3.7 | 5.5
FTTXX | 90 96 |20.6|11.5]203 | 186 | 44 | 8.3
NTTXX | 101 | 112 | 18.6 | 20.3 | 181 | 175 | 54 | 5.5
FOOXX*| 214 | 202 | 153 | 18.9 | 277 | 276 | 14.0 | 10.7

Table 6. Seismic Frame Performance Criteria

Frame Classifications

Connection plastic rotation

capacity (rad)

Ordinary Moment Frame

0.01

Intermediate Moment Frame

0.02

Special Moment Frame

0.04
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Table 7. Verification of test results versus strength formula

. Pu(kN) Pa (kN) Pa / Pu(+)

Specimen

+ Eq3 | Eg4 | Eq5 | Eq3 | Eg4 | Eq5
FOOXX 162 246 | 194 - | 1521120 -
NO0XX 136 246 - 208 | 1.81 | - |1.53
FTTXX 180 246 | 194 | - |137|1.08| -
NTTXX 150 246 - 208 | 1.64 | - |1.39
FOOXX* 256 304 | 261 - | 119102 | -
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