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Seismic Performance Evaluation of Seismic Strengthening Method using
SRCF Extermal Connection of Medium and Low-rise R/C Buildings
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YSchool of Architecture, Chonnam National University, Gwang-Ju 500-757, Korea
ICTS Engineering Ltd., Seoul 138-859, Korea

ABSTRACT A new SRCF (Steel Reinforced Concrete Frame) external connection method for seismic strengthening of medium-
and low-rise reinforced concrete buildings is reported in this paper. The SRCF method, proposed in this study, is capable of carrying
out the seismic retrofitting construction while residents can live inside building. The method is one of the strength design approach by
retrofit which can easily increase the ultimate lateral load capacity of concrete buildings controlled by shear. The pseudo-dynamic
test, designed using a existing school building in Korea, was carried out in order to verify the seismic strengthening effects of the
proposed method in terms of the maximum load carrying capacity and deformation. Test results revealed that the proposed SRCF
strengthening method installed in RC frame enhanced conspicuously the strength and deformation capacities, and the method can

resist markedly under the large scaled earthquake intensity level.
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Fig. 2 SRCF external connection method

Table 1 Technical Characteristics of SRCF Method

Sequence Construction Procedures
| Boring of connection
anchoring hall
) B j" Installation of anchor
Y b plate
P - - Tightening of slit plate
3 I . bolt/Welding of
S . .
connection device

Fixing of anchor plate/

4 Epoxy sealing, injection
and filling
Installation of rebar and
5 form/ Cast-in-place
concrete
6 finish Finishing process

Fig. 3 R/C building strengthened with SRCF external connection
method
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2 Table 2 Summary of the Specimens
The frame fqr test
C ‘cl ‘C] o o} i Ci Clys Earthquake
a T u % % XX . Strengthening levels for
2 2 2 2 2 R 2 Specimens| Test methods .
} ) types pseudo dynamic
Cross section of columns |
| TypeC, | Type C; | Type C; test(gal)
— — - C-RC Cycling load - -
Cross ||b d E E L PD-RC | Pseudo-dynamic - 250/300
section |1 - . PD-SRCF | Pseudo-dynamic| ~ SRCF 300/400/500
Dim. |350%500 mm|350%400 mm 350%400 mm @ C: Cycling load t?St
Main | ® 8DI9 | 12-D19 D6 PD: Psedo-dynamic test
bar | ©2DI6 | © 2-DI6 C RC |@ RC: RC frame without
P{&(}P DI10-@300 | D10-@300 | D10-@300 Notation | PD | - |[SRCF strengthening
@ @ SRCF: RC frame
Fig. 4 Planar view of the ground floor (1F) of the investigated strengthened with SRCF
building?® and the frame for test method
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Table 3 Results of anchor design

. e | =P | EVanchor Safety
Members | Location | N (kN) (kN) factor
0.2Lg* 8 23.7 107.5 4.5
Beam
0.6Lg" 22 | 256.2 311.5 1.2
02L" | 6 | 237 80.6 3.4
Columns .
0.6L¢ 18 | 208.8 254.8 1.2

Lg : Beam length, *Lc : Column length

°N : Number of anchors

93P : The lateral load capacity of a frame
> Vanchor : Shear capacity of installed anchors
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Anchor
12mm, @150 (double) SRC Frame

Embedment depth: 100 For external
strengthening

—— ——

200

150 550

200

(a) Front view
(SRCF strengthening)

(b) Rear view
(Existing frame)

Fig. 8 Planar view of the ground floor (1F) of the investigated
building®® and the frame for test
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Fig. 10 Test result of C-RC specimen
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Fig. 13 Test result of PD-SRCF specimen(400gal)
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Fig. 14 Test result of PD-SRCF specimen(500gal)

Fig. 140 Yepdl A& 44 ¢ 500 gale] YA
AFol tiafir = At d ] DAY =7 A7) 400 galk
o A, #gFE T3 FoiskA AR Fig. 110 YERd
H|® 7} PD-RC A @A 2= A o2 F - AP R
o] stk

v}

52 2|Of X|XSH 515 H e

Table 4°1i= C-RC(FR7F HHE7F] A8 A), =A%
250 gal %! 300 gal®]l st PD-RC H] W& FRH 7 FAF
2 A8, AHAZE 300 gal, 400 gal 2 500 galof of
PD-SRCF W21 27 fAbs2 A Al g Hd A
stz 9 W] st AFANE FHEE 9 A
TrESE 747t vl aste] YRSl
xof oshe W7t AES AAIS C-RC A E
7ol HAdisks 311 kN(HS 19.5 mm)o] &
HF7he A9k 2 Aol fldlth AEA=
Gat] & BolFink o) = o stuzd=Eo] vl
}th 1980t 7 st 4”94 bR
T w9 23 Aneta ddEh PD-RC
I, & TR BludEA e wAPE@*E‘é A7}
AYAHF 250 galol A= 305 kN (9] 11.9 mm)
AZgH Hogbs Uepdglon, Axgs) e
JBDPA*™ 4l Maeda et al.'o] 93} F7F5 = %987}
Atk e 3, 2 Ao thdk 300
gal AR FAM = A Ax-S5 w2 3082 kN (H
4 16.7 mm)e HolFlon, HFEAow Hof AXgH
< YErd 54x FoA didExe ﬁ%ﬂhﬂﬂ?‘;ﬂ}.
PD-SRCF WX H 7 A& A 300 gal?l
KN (H9]: 8.9 mm)o] Ho) A& ﬁ%é‘a L‘rEM"*
o, A O % SRCF FHE xR AFTHoE Uz
B & AgAE 300 galo] A Kol thair= =gl m
Algt A AH =7 BEE o] 2 ATtollA] A|Rbst SRCF
TR WARA FaAol HAFTHAT AtRd 5

Xl

ok OHI of
i

Ir o & oo
IASHC)
Kl

Ny

=

]

o
o,

oft
ox 2 3@

:E‘

2 |o
rN

)

r
M

o
N

o

E%mimlmérzﬁmﬂ
g
FE oo
I
2

Table 4 Comparison of response strength, response dis-
placement and earthquake damage degree

. EQa Vub 8uc . EDDd X
Specimen (gal) | [kN] | [mm] [Failure mode at ultimate

state]

C-RC - |311.0] 19.5 [Shear failure]

Moderate
[Shear crack]

250 |305.0| 11.9

PD-RC

Collapse
300 1308.21 16.7 [Shear collapse]

Slight
[Shear crack]

Slight
[Shear crack]

Light
[Shear crack]

*Earthquake intensity levels inputted in test

Maximin response shear strength

‘Response displacement at maximum point

Earthquake damage degree estimated based on the research
results of JBDPA413 and Maeda et al."*

300 |381.4| 8.9

PD-SRCF | 400 (4354 | 23.4

500 | 493.5| 30.3

4354 kKN (H<: 23.4 mm)9] Ho A 2SS ERA 400
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Table 5 Comparison of ratios of response strength and
displacement

Earthquake response|Earthquake response
. EQ* strength displacement
Specimen
(ga)| vy R Su Rd®
[kN] S [mm]
1.00 1.00
PD-RC | 300 | 3082 | 30¢308) | 167 | (167/16.7)
1.24 0.53
300 38141 3817308y | 89 | (8.9/16.7)
1.41 1.40
PD-SRCF| 400 | 435.4 (435/308) 23.4 (23.4/16.7)
1.60 1.81
500 | 4935 | 4941308y | 303 | (30.3/16.7)

*Earthquake intensity levels inputted in test

Maximin response strength.

‘Ratios of maximum response shear strength between the
strengthened and control specimens in terms of earthquake
intensities.

Response displacement at maximum point.

‘Ratios of response displacement between the strengthened
and control specimens in terms of earthquake intensities.
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