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Experimental Study on Shear-Resistant Capacity of
Indirect Connection for Seismic Retrofit
Using Steel Moment Frames
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Abstract - In order to evaluate the seismic performance of buildings strengthened by embedded or perimeter steel moment
frames with the indirect connection, a numerical analysis model for the shear-resistant capacity of the indirect connection is re-
quired. However, the Korean structural building codes have not been able to present a design plan about the shear-resistant capa-
city of the indirect connection of a specific seismic retrofitting method. In this study, a experiment was conducted to investigate
the shear-resistant capacity of indirect connections of the WAS seismic retrofitting method. The major structural components of
indirect connections against the shear force were identified. The unified shear-resistant capacity of indirect connections was sug-
gested regardless of the construction type. Furthermore, a method for calculating the shear-resistant capacity according to the
number and the thickness of the load transfer components of indirect connections was proposed.
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Non-ductile frame
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Fig. 1. Example of a numerical model for
window-type steel moment frames per manual'"?
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(b) Window-type indirect connection details
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(c) Exterior-type indirect connection details

Fig. 2. Connection details of WAS retrofitting method
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Table 1. Size and properties for specimens of the indirect connection strengthened by embedded and exterior steel moment frames

Specimen”
Content
WAS-W-SPL-T1 WAS-W-DPL-T1 WAS-W-DPL-T2 WAS-E-DPL-T1
Retrofitting type Window External
No. of specimens 1 (total 4)
No. of load transfer plates 1 2 2 2
Thickness of indirect connection (mm) 162 162 262 162

Strengthened member

H-294%200x8x12 (SS275)

Dimension PL-110x700%12

Connection

PL-110x1100x12 ‘ PL-130x1100x12

plate Steel

SS275

C-shape steel

C-50%80%8 (SS275)

Load transfer Dimension PL-80x100%8 PL-80x200%8 ‘ PL-80x100%8
plate Steel $S275
(Chemical) anchor M16 (f, = 400 MPa)
Base fa=30 MPa
Concrete
Column fo =24 MPa
Non-shrinkage mortar fee =50 MPa
Rebars D16/19 (SD400)
Spiral reinforcement ¢6 (SD400)

"WAS: product name, W: retrofit method of window-type steel moment frame, E: retrofit method of exterior-type steel moment frame, SPL: single load

transfer plate, DPL: double load transfer plate, T1: indirect connection with the basic thickness, T2: more thicker indirect connection

H-294x200x8x 12 ($5275)

147
309
“ TS_OT TS_BT
T T 505
3 &) 7 [ )
8-D19 (SD400) 77
o ofl— @
350) 77
o X P
1,082 60 3-D16 (SD400) 60 7
i p16sDa0) |0 [T o | —————+4+—+
1 ——H—>| 4595
773 4 60
T +
° e a o o |0 |p d||39 o @ o ° 51
D22 (SD400)
423 o @ o @ o o Q| @ e @ e e -+
4 Q o Q o [0 2] 2l 2| Q o Q o o 1515
a a +
4»(‘0

++ + t + t ++
7055 160 470 N 400 230 1605070
+
200 i 500 i 500 500 200

1,900

(a) Typical construction details of section 1

N 1,700
+
—e—2

H-294x200x8x 12 ($$275)

147

162,

——

423 -

i
=

5]
R
Nl
e T

4 — e ——t
ofso” st)TﬁoT 90 | 120 Tlxzo Tsole0" |2(1T 120 | 9060 80150 70
130 ' 150 | 150 | 150 | 150 ' 150 | 150 ' 130

280 300 300 280
1,300

(b) Typical construction details of section 2

Fig. 3. Typical construction details of base and column part for specimens
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(a) Sectional details of window-type specimens
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(c) Longitudinal details of WAS-W-DPL-T1
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(b) Longitudinal details of WAS-W-SPL-T1
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(d) Longitudinal details of WAS-W-DPL-T2

Fig. 4. Construction details of window-type specimens

Non-shrinkage mortar (f;, = 50 MPa) H-294x200x8x12 (5275)
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(a) Sectional details of the exterior-type specimen
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(b) Longitudinal details of WAS-E-DPL-T1

Fig. 5. Construction details of the exterior-type specimen
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Table 2. Concrete strength of column for specimens

e | e e
1 24.6
2 252
3 243

Average 24.6
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Fig. 6. Loading history per ACI 374.1-05"
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Fig. 7. Test set-up
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Fig. 8. Failure and crack patterns of specimens with
the window-type indirect connection

Fig. 9. Failure and crack patterns of specimens with
the exterior-type indirect connection (WAS-E-DPL-T1)
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Fig. 10. Division of an affected and non-affected zones of
the indirect connection against the shear force
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Fig. 11. Shear-resistant capacity and displacement relationship
of specimens with the window-type indirect connection
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Table 3. Experimental results and analysis
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