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Structural Performance of Stud Shear Connections using SHCC between
Existing School Building Frame and Seismic Retrofitting Elements
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Abstract

Some results of experimental investigation conducted to assess the effect of cement composite strength and ductility on the

shear behavior and crack-damage mitigation of stud connections between existing reinforced concrete frame in school buildings

and seismic strengthening elements from cyclically direct shear tests are described. The cement composite strengths include 50

for medium strength and 70 MPa for high strength. Two types of cement composites, strain-hardening cement composite (SHCC)

and non-shrinkage mortar, are used for stud shear connection specimens. The special SHCCs are reinforced with hybrid 0.2%

polyethylene (PE) and 1.3% polyvinyl alcohol (PVA) fibers at the volume fraction and exhibits tensile strain capacity ranging

from 0.2 to 0.5%. Test result indicates that SHCC improves the seismic performance and crack-damage mitigation of stud shear

connections compared with stud connections with non-shrinkage mortar. However, the performance enhancement in SHCC stud

connections with transverse and longitudinal reinforcements is less notable for those without additional reinforcement.

ANGE ALY, 2HE Ad A, WEAHY ANE BEA, A9, i

Keywords : Seismic Retrofitting, Stud Shear Connection, Strain-Hardening Cement Composite(SHCC), Shear behavior, Crack

1. M8

HE 5o vl g F7bo A NI Ay
© UtE AR oA A5 A7 HErt 34
3 Z71Eol meh ) FEAEE didk HRudAE
H7E 9 YRR A7 e diek o] mxE a9k 2011
UE F3AAEY WA TEFEHZA Y ma2d 33
AL 37.3%5H] WSS Bista Qe AR %
AERATE 58] gtaAlA e -9 2010 109 #A WixIA
A W F 18329% & WRAA A4 2417, WHARY

: Z33) sty A
w Q39 Fddl AETe W, WAz}

(wiseroad@cnu.ac.kr)

2 ATE 20129 wEHE|sRe)l oA A A9 E Al
ALY (NRF-2012-0351) 0.2 89 d7439 drgurh
D 2A%AA, 20119%E 7€ FF3AEE RN 1 2

3} A, 2012. (http://www.nema.go.kr)

9% 6l o® WAHGTHER HE&2 1351%% T3 AEE
T FEAAS Addeta 7P BA depEgth staad 2
1988 A== o WIAA|Eol AE o] Fell= At
Tl o] E 5o}

A e A WA M A9
1 WA 7IEe] AFHIL T o]
ez WIAAZL ofFofAaL 3l

Hol A= 01IUESH 201549 %
7B 1EAZ mid oF 600099 FHate] StaalAof

2 AT ARE FYsn Uk
N gaAdel g Anel g@gel Fuigel wet
B ATAEE J1E FANY WAHE B2, WA
, 2 EY &8 AFRC A= W

o,
N
I

-
PN
it
P
i

g+3]%], #1594 3%, 2011, pp.106-115

AFAGA AR =8 AN A4E B A%BE 20139 79 35



MTIImIC 6
ITITiTl 11

Mortar

ITITITL D
ITITiTl 11

SHCC
Figure 1. Strategy for seismic strengthening of non-ductile reinforced
concrete frame
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Figure 2. Seismic retrofitting procedure of existing school building
with steel brace

Joint formwork for mortar
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Figure 3. Configuration and details of specimens (Unit : mm)
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Table 1. Summaries of stud shear connection specimens
Fiber Volume . .
i . Unit Weight
Seri Speci fck Dist. of Studs RDlst'f of Hoopt Fraction n(lkg /n?;;
€eries pecimen (MPa) (mm) em(;);;?)men (%)
PE PVA Water Binder
Mortar-HN-50 50 - - 304 1,900
I PVAPE-HN-50 - 0.20 1.30 484 1,500
PVAPE-HN-70 70 9200 0.20 1.30 384 1,793
Mortar-H100-50 50 304 1,900
i PVAPE-H100-50 100 0.20 1.30 484 1,500
PVAPE-H100-70 70 0.20 1.30 384 1,793

Table 2. Properties of Reinforcing Fibers

Fiber Specific W;eight Length Diameter Aspgct Tensile strength | Young’s modulus
(kg/m”) (mm) (nm) ratio (MPa) (GPa)

PVA 1,300 12 39 307 1,600 40

PE 970 15 12 1,250 2,500 75
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Table 3. Compressive Test Result

Sggg%f?;g;) Mortar-50 | PVAPE-50 | PVAPE-70
fok 50 50 70
fcu 58 45 68
8
— PWVAPE-50
2 St

Tensile stress (MPa)
=

- PvaPE 50 [0

0.2 0.4 0.6 0.8 1

Strain (%)
Figure 4. Typical direct tensile responses of SHCC materials
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Figure 5. Typical flexural responses of cement composites

o AAVIE 42 S0MPagl
SHOCE A3 8UF 454 58 % HMPag 27
Btk w3k AAYFE 4FHFE T0MPagl SHCCO A

289 YEY
A

6) HATALEG, HHMGH O s it 2 > b M
FE T M THEEH(59), 2008, pp.16-18

38 dxugAdste =R A207 AdE 5 A%z 20133 7¥

5 W@AEAES Hola 3le

hE [¢)
B bEAEE S7HEel weh 27)wE 2 I
th e ARe woln o QgwdEs

(E(M R Ul oY Jf |
fob 18 ot rlo H1 e H

AHE EAe] f4E H7k= KS F 24084 &3k
ANt e Figure 5ol WA AME  H9HA
(PVAPES03} PVAPE70)9] @491 #4419 Z23E Hla

ato] UERQIY PVAPES) % 709 4=+ 7+ 96
2 14.8MPaz e T

2.4 g4y

AHE Atk HgHol wbE vy 2 A
7] 9Jstel EoAgold Hed A9
Figure 69 Yebd vpe} 2oh Aok ekt A3 4]
g S TYshy] ke wkEEol 4% 1,000kN<]

mV)
N
tjo
ki
QL

2
lo,
e
)
o
2 o o

2 2 rlo

Figure 6. Test Setup

——

oo L
VEOTRTVTE v

[S3N 3

Displacement (mm)
(=]

Cycle
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Figure 9. Hysteretic behaviors of stud shear connections under cyclic shear loading
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Figure 11. Energy dissipation capacities of stud shear connections
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