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Impact of V-ties and Bolting Techniques on the Seismic Behavior of Precast Lightweight
Aggregate Concrete Special Shear Walls
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Abstract
This study evaluated the seismic performance of precast lightweight aggregate concrete special shear walls (PLCSWs) based on the
equivalency concept specified in ACI ITG-5.1. The investigation considered variations in transverse reinforcement, supplementary ties in
boundary elements, and wall-to-base connection techniques. All specimens were subjected to cyclic lateral loading and constant axial loads.
The results indicated that using V-ties as supplementary ties, applying the steel plate bolting technique for wall-to-base connections, and
reinforcement ratio of 1.04,,,,q increased the displacement ductility ratio and cumulative work index of PLCSWs by 1.21 and 1.15 times,
respectively, compared to specimens using inner crossties, spliced sleeve connection and reinforcement ratio of 2.0A4,,4pg. For equivalent
structural performance as outlined in ACI ITG-5.1, a reinforcement ratio of 2.0A4,ps and the steel plate bolting technique are essential for
PLCSWs.
J19E : BrAwe, AUEA TaeE, wAAgH, 554 WAES
Keywords : Special Shear Wall, Lightweight Aggregate Concrete, Displacement Ductility Ratio, Equivalent Seismic Performance

1.4 = NWO) Bt #8 E JAFAFAHo] @ AFgFEA Fag
E(lightweight aggregate concrete, LWAC)ol A © Al3l=
< J™HKim et al, 2010). &3], 749 AYE FF

ZM2E Z I E(precast concrete, PC) ATy
7Nz AFgHFolA dAlFo] F83] SHEA FoH FH Al O Ao s 4stEY] i LWACE Alxd &
u} 2} TFAGHL AALWANA o B Fo JRTGZ] &

o Yol 7xE AFIA HLEHZA oY
Ad =g FA3s AstEAT(Nam, 2016; Song et al, TEthYang et al., 2021).
2018). &3] PC AdHoA gutx oz Agsl= 2EF A= ~Zalo]x 2B EHo e dgo 2
ol £EH FHE FHEADT xE AALAY FEIZY e BT F dE 71z FHE dF g FHol
EALH0R 3 Vx AYFY At €= Ho Jht= 2 Qltk(Pan et al., 2021; Seo et al, 2020; Yang et
¥ olFo] HAAA AFol BAHOoR AL Yo al, 2023b). Seo et al(2020)& WA¥ HE B FEPL
(Seo et al., 2020; Zhi et al., 2024). 0|23 HAA AFS o] &3t AT Jlx HIYHE AA3ATE Seo et
REZ FZge E(normal-weight aggregate concrete, al.(2020)= REEHStE AP SR RE HIFH 701573— 7
SNl FEHolFo] 2Fg ol LB FRd HE)]
of ATE AREEEHREAR AUon wRApgne 1A ST THS 12 ~ L7 /AL S lES B
A Ae wol 535 ATNo. 2022R1A2B5B03002476 2 No. RS- Atk ES, Pan et al202De PC AeEelAq 14
2024-00405537) ). 813l oA BEE-ZHolE 94 THE Ausgct
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tlo
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Hoolake] WMeddn B Y&
2384 Seo et al.(2020)2] AT
ol MEE JE AFF F WHgEHIAD
ACI 318-19(2019)9} #Z-& AA7F9 GHAHE AZF3)
Rl FHE& 71 don, §3 PC Aadolx Fagh
54 MEe WA T AFo] o] FAAA Fol HF
el WA Fe FRARE H/ME 4 QIth Pan et
al.(202D)3 Yang et al.(2023b)2] A= 3] AgE FH
A w2 4,,)e] HedA FAENer, 554 d
o WxAd5 HrtE o] FolXA] Fsith ATyt AAlLAs
o Bz wazogAN IzZAeoe)e TS 90° &3
o] Holgo] s WA A wEky 3w E' FH
=2 LWACE A4d PC A oA
TR MEe] AT Hrtol Zvksteof 3y, A%

B 2ol 4,9 Bx wdE TRe| WIS EPHE
ZBHQ W5E N T2 duye W s
o}

o] A9 HAHL N 2E AFEA TAYE 5T
A9 (precast lightweight aggregate concrete special
shear wall, PLCSW)ollA 71Z HIWHOoZA 3 EH
FH(Yang et al, 2023D)o thg HIE5E& Hrlst=dl
Utk FeHFE 4,9 RE WAL T/ 28 B4
o Z]zHFeo| HIWHolw, F 4/ PLCSW HIAAES
A&ttt PLCSW AdAlel 8 A4S #497d 9 I
AR, JsF-FHHA, Al F WY, Hddde 4

FA T2 5E Hrstath. PLCSW AdA 9] &
AL KDS 14 20 002021) AA7IFe] «=3k
o AZFstgoh. =3, PLCSW @A 9 Fx3
R} < ACI ITG-5.1Q2007) N A AlAsteE T54 Nde
W335 B7HE S A8tk

2.1 APA A

Table 17 Figure 1o+ AEA 4AE HERAT
SWFE 4,9 Bx fAEIZY FF 28 B9} 7
Feo] Aot dude] AAe] s A IF
mxE W49l 4,2 KDS 14 20 0002021l A | A8
A H& FRAT 27U, ) LONE BGZ
ZA(s,) = 70 mm) 2 2.00(s, = 35 mmE AFsHAch
Bz i FHe YRHOE AMgste Bx WiEds
1 AEzEol9 7]Fe A48 S A8 Yang(2015)9]

S S

Table 1. Details of special shear wall specimens

Transverse reinforcement
Speci 1 Type of Connection
-mens sh Sur w inner-tie method
Agps) | (mm) o
1CB Inner crosstie .
1.0 70 0.211 - Bolting
1VB V-tie
2CS . S]l)liced
2.0 35 0.411 Inner crosstie sleeve
2CB Bolting

Note. s, = vertical intervals of transverse reinforcement, and w,,

= volumetric index of transverse reinforcement at boundary
element.
i
(=3
R
L — 741
A
A A'
Vertical Longitudinal
reinforcement reinforcement
in web (8-D16)
(D10@300)
. 2
Horizontal -
reinforcement Transverse
in web - reinforcement
(D10@200) = = (DI0@35~170)
T ikl =T ==
| Bolt | Welding m—
(#30) ~— | coupler - — Steel plate
INut- |  Welding e = [ (t=30mm)
o ElEaba = aiiis ala ailis) !
oo =N ‘ 8
I Ll 1 2
Welding !
. 1200  _
L 2500 N
Inner Crosstie
D10@70 D10@200 D10@300
7~ \ o/ 7 i . . i
8-D16 y § ‘ §
p, a ! 2
plo@ro T+ e ="~
250 _ 700 . 250 _
n 1200 N
A-A' section for 1CB specimen
V-tie
DI0@70 ~DI0@200 - DI0@300
e —
4 f 4 i
' ‘ S
14 —
i
700 250
1200
A-A' section for 1VB specimen
Inner Crosstie
D10@35 ~ D10@200 -~ D10@300
—A— pp——
Y i S 4 — >
8-D16 / g &1L 2
y . /! .
DI0@35  * s .
250 _ 700 . 250 _
1200

A-A' section for 2CB specimen
(a) Bolting technique
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—= X
A
A
Vertical Lonfgltudmalt
reinforcement - remiorcemen
in web (8-D16)
(D10@300)
(=3
. w
Horizontal -
reinforcement Transverse
in web reinforcement
(D10@200) (D10@35)
Grouting
Spliced Spliced sleeve

sleeve

500

Inner Crosstie
D10@35 ~DI10@200 ~ D10@300
S —

A

= 4 —
8-D16 — & ' e

/ - T
D10@35 -~ *

250 700 250
1200
A-A' section for 2CS specimen
(b) Spliced sleeve technique

Figure 1. Details of the PLCSW specimens

o3 g V-glol2 AHAINAT. 7|E dF(Yang,
2016; Lee, Yang, & Kwak, 2017)o] wp=2Z®, V-g}o]E uj
% 71EY AEdAnE IR 2EE AIES VT B
o} of 1.20) o] Estow, HuHE(p,) °1F P9 80%
2 AstEE AHoA Y £ dEFAFE ARZEo|
2 W23 715 B oF 22u) itk olgh e AT
AR RE V-glols AZxEolRT Fo| ZIAYEES
T43e &97F =58 ¢ 4 dtkYang & Kim, 2016).
A9 V-Etolo] Al Figure 20 YehAth V-Ebol
o AIAeE FHIHS FA 9 AF AY A4S 1L
Zate] 45° 2 AASFAoH, EYdols A Zag
9o oxdolo] gt AA7]EKDS 14 20 002021)S
#3te] 60 mm=E AASHHKim & Yang, 2015). V-E}o]

/

N
Boundary element

1
1
1
|
1
1
1
|
i 1VB specimen \ |
\

i

Figure 2. Detail of V-tie bar

Aol WA sl g V-stolst A =Y Wl @t

o} AL 1AL YEHA FHE o] &3AT
Aot 71 x=Fo HAHHLE Yang et al.(2023b)ll 2] 3]
% THI PC FEZ2EANA 7H dukd
2Zglo]~ &ElH ZTHoE HMAS
%E}(Figure 3). 7 2E ZHe Adde MAxEHE 7
T AR AolE H¥se 1dY B
SostE mpEEo g RN =9
i%‘f&‘:}. E3], 148 29 <48ge A
sl AFHEG A AA

N

2ra Adol Aed TAZ AAAUG. A B B
WMoz MW PLCSWe AZwwe ohew pok 1)
PLCSW ®WAle] vhetms 7)ze] Ao 27 Zoe A
Agch ) WA wvigte] Axe Fwe 84 AEe
olgstal ARz MeE FAAEH §145H, 7]
grol MAE Foe Jzol MUd FHA2H &
B D) ik aE 242 BAsel YER 44T
L0 BER Add WA JxE AXHE 4ne T
2 YEES olgsld mARY. EF
7 zske] HEWa} ofLig 7+ oA
sYeA 448 5 A 7 % Aol +BAY W
Mo tew ol acke £ Yok 1) BRAA AREE
A FRmn ofel ARoE 2w UNF
oh 2) ARz FATE 4R Y s A 7
Bol 2H7ZE olgste gPAE 3) 2AYE B
ol% okuE PC AWHE 7+ oMo Zwi RE 9
HEEZ o8t +uAHAT ol o] ATIHE ®
AEsl Az} He Azdde] GPAL Frlses Aol
o SAolmg AN A8 2& TEEA Ly}
AW, ~Zoholx Leln FWom HaE PLOSWO
AZpg e tes ok D Baldes ~Zdtels Sen
2 729 AREE AAA AAasd FHZ A
1%

Hore (m

in:Em}E:LEﬁl'N'mlm

W AR BT ) Rl sEdols Felnse) A3
2 9% 2232¢ vY Myeck 3 wAls NxE 2
7 st MER Agdth o Jlxe BT ¥
A el me) AAE Bl &rel Atk 5

2E&golx E8lHE 60 MPag] 1f/5 ZE=E=2E I
FRte] HA 9t 727t HAFEES I

AEAHo A AN HA A= Aqh(l 104, kpsy» 2 =
2.04,,kps)S, 7 WA L8l B AT FRHEC -

AZ2Ero], V = V-gloDZ, 281 Al HA Lupsie o
Aok 7z2Ho] HFPYPES = ~Fge)~ E8H FH, B
= 2% BE® IS ondth dE 5o A43¥A 1VBL
A, 7F LO0A, s 0™, B2 EdZomx V-glo]7l wjZ
B, WAet 7257 A9 2" FHoE HEd
PLCSWo]t}.

PLCSW A@A= wAle] godol] @ =717} 250 mm
X 250 mme] AALAE zZte wpEygo =z A A
oj9} o] AALAE wpEPo R HAF olfE= AAY]
ZF(ACI 318-19, 2019; KDS 14 20 00, 202DolA 75 +=
HEZFS HEATEA AYIEE gHZ w2 b
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Shear wall

\

Spliced sleeve m ’ g ; -?..:-.

Protruded longimdinal L] L
reinforcement
Bottom stub—» g P ' .
@ - s
Shear wall —I |
N 15
Grouting S | ——

Bottom stub —»

(@) Spliced sleeve technique

(b) Bolting technique

Figure 3. Connection method between the wall and base

3} A17]7] fJgtoltt. E3], Yang et al.(20230)2] A
W2, AAAE] Ao HAV|EA a3t

ol o3 AA LA wWHTY HAo] =9
YatE= EAFC] AT 4 Aok A A 3T
=3, AdAe 2o, dre FAG,) 2 Eolh )=
Z+7} 1,200 mm, 170 mm 2 3,150 mme|t}. A3 A A

L
.

8 oo e
‘Hﬂémlo

of

5

® g a5 ~EBe F7|& 247t 2,200 mm X 700 mm
X 400 mm % 2,500 mm X 500 mm X 800 mme|t}. 7
Ags FHZE FHo] 16 mmel oFHZ 8/ H)
ZatF =, olwle] FHIZn(p)E 0.0250|0 FA LA
FRAZTE HAHol 10 mmed oFHZTE FaWFA 4,
of wet g wiZstd e, olw e H R A AY(w,,)
= A, 7F 104,000 B 204,005 04 ZH2E 0211 8
0411t} B9 3 g 37 HAGET2 Aol 10
mmg! °o]FHZL ZrzF 200 mm 300 mm IFE o= wHj
st e, olwe £9H(p,) R FA(p,) AFHEIH = 7+
ZF 0.004 3 0.0030]t}.

2.2 AHEA R
Table 2+ AM&% <AF
et Aot AMgd AF 4

2 ZARE ALE A3
(Lee, 2018). o]&st A1F HHFZA
FZA} FAEHA REHe] ¥
TZ2E 7MA AdSARG
Zo] EAoltHlLee & Yang, 2018). A}
Ao 7AYEE 1450 kg/mieln =Y
5 FFES Ho 129%% o, Wi Al
As AT WG A 2447 2E
Ay AFTA e B 4=7F=(r)9
2 Z e p, ) zHzh 35 MPa 2 1,600 kg/m*o.2 A
stat £,9 p, S 383 PLCSW A& AE 9
AeE I ES HFEE Table 3o e
FZA ZIYE T2 Lee et al.(2022)2] A F
Asto] 7Ntate] AR FEAY A ZHE 23
dE AEA=(r) 2 BALHFTH(I)S T 396
MPa 2 1,755 kg/m’e.2 7,k p, o Zh wlZeh $zo)
Aot A FEA ZAYUES $E-¥gE AA= Figure
4o ettt AAFIA ZaYES BHAEAF(E)E
ASTM C 496(2014)¢] 71Zo] Zate] ZAstgsd, =4
3k A3 20,812 MPaZ A KDS 14 20 00202D)e] 71&o &
AR 34(=19,198 MPa)¥ =319 th. Table 4o+ A&
H A 984 5E4& Yeddd. AEE HATEY
FEZ=9 A== 27 16 mmolA ZH2 431 MPas}
577 MPaol o, A7 10 mmelA 22+ 477 MPa 2

AFEAe BelE 54
¥ ABBAL ol 24
4

ol
=

B
ox

=

N
flilo
>
o

of
Rl
38

) rr
0O

i)
to 1o g

[ VRN =
S bt
N
z
o

Iy
o

a2 ooy &
ey

o I & o
S
o

=
b
N

ot Hf ol o LU i o

N
t %P
wfy rlo
(o}
o T O

o o

ol
U

o
()
ol

ol

Sl
S
<

2l

m oS o pfb O o g mH rlo ox

Table 2. Physical properties of artificial lightweight aggregates

sggéega(tf Water | g;oegs |OVen-dried
Type size abs?(;f)))tlon modulus ?lfgn/inlt% IAppearances
(mm)
Below 5 10.3 2.90 1,500 -
Lightweight .
aggregate 5~13 122 7.40 1,400 -
13~20 14.1 6.41 1,400 -
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Table 3. Mixture proportion of concrete

Unit weight (kg/m®)
Concrete| f., Ped - g Jek Pe
type [(MPa)|kgim)| " LS [T T o T e, |, [(MPa)|kg/m?)

ALWAC| 35 | 1,500 |0.30|0.45|195|355|566|503| 39.6 | 1,755

Note. f., and p, = targeted compressive strength and unit weight
of concrete, respectively, W/ C = water-to-binder ratio by weight,
S/a = fine aggregate-to-total aggregate ratio by volume, W =
water, C = ordinary portland cement, ¢, and F, = coarse and fine
lightweight aggregates, respectively, f, and p, = measured
compressive strength and unit weight of concrete, respectively.

60

Stress (MPa)
W A W
S 8 &

[y}
S
T

0 1 1 1
0 0.001 0.002 0.003 0.004
Strain

Figure 4. Stress-strain curve of all-lightweight aggregate
concrete

Table 4. Mechanical properties of reinforcements

- Yield . Tensile - |Modulus of

Steel | Diameter strength Yield strength Tensile clasticity
type (mm) (MPa) strain (MPa) strain (MPa)

Deformed| 10 440 0.0023 572 0.167 194,115
bars 16 431 0.0022 577 0.129 203,561
Bolt 30 1,010 | 0.0048 | 1153 0.146 210,416
Plate 30* 240 0.0012 431 0.267 205,000

Spliced
sleeve 60 564 0.0034 706 0.109 165,882

“30 mm” indicates plate thickness.

572 MPacl3itt. EEQ &R W SdAFE= 44
1,010 MPa ¥ 210,416 MPao]ith. F7 30 mm<! 739
FEA= D gAAFE 72 240 MPa ¥ 205,000 MPa
ot A7 60 mm<l xFEeto]lx EelBe] FEAE 9
2444 22 564 MPa 2 165,882 MPao] 1t
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Figure 5. Test set-up
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Figure 6. Lateral loading history
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Table 5°ll= PLCSW A3Ae Hd & H=H)H
KDS 14 20 00202Del A AAtIL e SAYUE T/
gEEo o3 2gE & BHEWL S HlRE
ERIATE A, 7F 204,45 018 AT BY FHoZ H
g AgEA 2CBo M A4,7F 1044, AEA
1CBET ¢F L1l Egton, BE PLCSW A@A FolA
M 'S Me BTk @9, 4,71 $Y3 PLCSW A
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Figure 8. Lateral load-displacement relationships of PLCSW specimens
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PLCSW A @A A =3tTh

3.4 A8 (y)

PLCSW AgAe] YA nl(p)e v 4 ol &
3le} Al4s 9 tHWatson and Park, 1994).

Hp = so/Ay D

A71AM, A8 AGE AAILA W FED 5 A A
o AWl p, o]F P o 80%E AdtEE Al olA <]
AWM E oJu)gy. Table 59| e uE9} o] PLCSW
ARAY p, e 4, B2 OEI FF, ada A

Table 5. Summary of test results

Specimens |—— o - N L : N |y | o Ha LN | %
1CB 332 330 361 347 1,239.0 20.4 78.5 3.85 81.5 1.08
1VB 312 295 367 351 1,256.5 20.3 81.1 4.00 90.5 1.09
2CS 346 325 393 371 1,337.0 20.9 69.0 3.30 78.7 L1478 1.16
2CB 336 327 392 382 1,354.5 19.3 87.4 4.54 140.5 1.18

Note. P, and P, = lateral loads at longitudinal reinforcement yielded and the peak load, respectively, A, and
predicted flexural moment capacities, A, and Ay = displacements at yield state and 0.8 P, after
ductility ratio, and W, = cumulative work damage indicator 0.8, after P,.
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P,

M, (xpy = measured and

., Tespectively, p, = displacement
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Table 6. Summary of equivalent seismic performance
assessment according to ACl ITG 5.1-07

Sans | (6 | PPl PUPL | KK B | oo
ICB | 206 | 108 - - - NG
IVB_ | 240 | 109 - - - NG
2cs | 235 | 116 - - - NG
2CB | 264 | 118 | 089 | 0286 | 0318 | OK

Note. 6, = drift ratio at test termination, P,y = predicted
peak load transformed from A, P, = lateral load at drift
ratio limit(s,), X, = stiffness dissipation ratio at ¢, X, =
average stiffness at the first cycle, and 3, = relative energy
dissipation ratio.
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Figure 9. Seismic performance requirements of PC walls
specified in ACl ITG 5.1-07(2007)
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Z2BolE HAlgtE V-Blolo HE&L FHZY H=S
AANNZ &£ o] AALAY IAFE aHES FHAZ
T Y& ZAoE FddTh 9o EAHEERE LWACE
AzH PC EFATy A ACL ITG 5.1-07(2007)o Al &
T3the WREsE FrY ‘l’]°Hk]L‘ 20Ash(KDS) °]%e]
3 |

Fa80.
£9, nx WAZOEAS V-rjolsl AEe AR 21
FHow AP PC ELdve A4 59 Wb &
7o),
5.3 2

of AdFeAE ZEN2E AFZA FIAYUE 554
e (precast lightweight aggregate concrete special shear
wall, PLCSW)BI WA g AAQLAWe] YRGS
W8 (A4,,)0 B Wil F5, 293 gAY JxR
o HEHel i A FFS diE T4 ME
o7 Jrig Ad¥ e 22 AES Ath

D WAt 7125 H
2Zdol2~ &8lB I3 B FHEZY FEA
A AL A A8 E < .
T AALAY BRE udIORA V-Eolg IR
2 EloldA] guto g |z Z
Ao, Fo] ZAYE FHe
ol At

2 H3tE PLCSW A&xA

& 4,7  2.04,,4ps) A=

s 730 2w ol

1.04,, xps) Q= P, 0] 59 7 Fo] &7 ]"5] X‘]Ol'ﬂ—
S B, o8 A2 V-gtolodlA 71 &
A8kt

(3 PLCSW A@Ao Ao 3 WeE(y)S Bz gdZd
TH el BAS JxRe] A BAIglel
H %k 38 HY o, mE AdA 4 KDS 14 20
000 9J3)] HHAZFo 2 HITE AT

@ A, 7F 2.04,,kpe 012 AH 28 FHoE HPd
PLCSW A @] MAAG(uy)E 4, 7F 104, kps)
Ql AFA e} 2Fgol~ SH FHOE HIEA A
AR 2z 1.388) 2 1188 =tk 53] 4,7t
1.04,,xps) = AAEHASANE Bx Ao = V-Et
o7t Mi<H I AW BY IO HEH PLCSW 4
A pv A,7F 204, kps) 012 2EHo] 2 &

336 Journal of the Architectural Institute of Korea Vol.4l No.3 (Serial No.437) March 2025



ZENAE

H ZHOE Hgd AFARTE 1.214)

Atk

G) 78 QeFAS(n)E BE gATOZA
Efo]7} v ZE APA R} V-gto] 7} w2 A FA
A 1118 bty E3JE, V-glo|r} wiZEa o
q FHer HFH AIAY n,= 4,7t 10
Agkns) &2 AAFARATAE A, 7F 2.04,, 155012
2Zgtol EEB FHOE FHIE AIAHRUE
1159 & FFEolqith

(6) 2=2Zeol2~ &P E FHOE BEH PLCSW A A
T oA4,7F 204,52 AAEASAE AC ITG
51-07414 273t ddd T54 Mde +24%
< WEEA Esknh

0 23 " FHo= H3d PLCSW AFA= 4,7}
2.04,,ps) 2 AAFAE W ACIITG 5.1-07014 &7
e ddl# 54 Mde 724%E BT WSt
Aot A 54 Ade FEASAAA p/PR,
K /K 2 8,% ACLITG 5.1-07¢14 AAH groh 7t
7} 1124, 2.864] 2 2.54uf =3kt

(8) NWCHT HE A Aao] & AAFEA EaE
EZ Alxg PLCSW A3A = ACIITG 5.1-07¢14 &
T3t WS ST F Ade FEY TR
degan AMe gdrsr] sl 2.04,,4ps 0122
A, 8 N2 AEWHoEA 9 2e ol a7H
=3

e

REFERENCES
1. ACI 318 (2019). Building code requirements for
structural  concrete  (ACl 318-19) and commentary.

American Concrete Institute (ACI),
Michigan, USA.
2. American Concrete Institute (ACI) (2007). Acceptance

criteria  for

Farmington Hills,

special unbonded post-tensioned precast
structural  walls  based on validation
commentary. ACI ITG-5.1-07, Detroit.

3. ASTM C 469/C 469M-14 (2014). Standard Test Method
for Static Modulus of Elasticity and Poisson’s Ratio of
Concrete in Compression. West Conshohoken, PA; ASTM
International.

4. FEMA (2003). NEHRP Recommended Provisions for
Seismic  Regulations For and  other

(FEMA 450). D.C;
Seismic Safety Council, Federal Emergency Management
Agency (FEMA).

5. Chun, Y. S. (2015). Seismic Performance of Special
Shear Wall with the Different Hoop Reinforcement Detail
and Spacing in the Boundary Element. LHI Journal, 6(1),
11-19.

6. KCI (2021). Design of Concrete Structures (KDS 14 20

testing and

New  Buildings

Structures Washington, Building

Journal of the Architectural Institute of Korea Vol.4l No.3 (Serial No.437) March 2025

10

11.

12.

13.

14.

15.

16.

17.

18.

. Kim, Y. J,

. Lee,

00: 2021) and Commentary. Seoul, Korea: Kimoondang
Publishing Company. Korea Concrete Institute (KCT).
Choi, Y. W., & Lachemi, M. (2010).
Characteristics of self-consolidating concrete using two
types of lightweight coarse aggregates. Construction and
Building Materials, 24(1), 11-16.

. Kim, W. W, Mun, J. H, & Yang, K. H. (2015).

the stress-strain
confined concrete. Journal of the Architectural Institute of

Korea: Structure & Construction, 31(4), 79-86.

Simplified model for relationship of

. Kim, W. W., & Yang, K. H. (2015). Effect of bending

angle and embedment length on the bond characteristics
of V-shaped tie reinforcement. Journal of the Korea
Institute of Building Construction, 15(5), 465-471.

K. H. (2018). Reliable Model Proposals for
Mechanical Properties and Mixing Proportioning of
Lightweight Aggregate Concrete using Expanded Bottom
Ash and Dredged Soil Granules. Ph.D. Thesis, Kyonggi
University.

K. H., & Yang, K. H. (2018).
compressive strength development model of lightweight

Lee, Proposal for
aggregate concrete using expanded bottom ash and
dredged
Institute of Korea Structure and Construction, 34(7),
19-26.

Lee, H. J., Yang, K. H., & Kwak, M. K. (2017).

Evaluation on the effectiveness of supplementary V-ties

soil granules. Journal of the Architectural

on flexural ductility of reinforced concrete columns.
Journal of the Korea Concrete Institute, 29(4), 345-351.
Lee, H. J., Kim, S., Kim, H. Y., Mun, J. H, & Yang,
K. H. (2022).
properties  of
bottom ash aggregates. International Journal of Concrete
Structures and Materials, 16(23), 1-10.

Mun, J. H. (2014). Flexure and Shear Design Approach
of Heavy-weight Concrete Shear Walls. Ph.D. Thesis,
Kyonggi University.

Nam, B. R. (2016). Structural Capacity of Mortar-filled
Ph.D. Thesis.
University of Transportation.

Oh, N. K. (2021). Evaluation on Seismic Performance
of Precast Lightweight Walls. MS.

Empirical equation for mechanical

lightweight concrete developed using

Head Splice Sleeve. Korea National

Concrete  Shear
Thesis. Kyonggi University.

Oh, N. K. (2022). Flexural Ductility of Lightweight
Aggregate Concrete Shear Walls with Boundary Element.
Journal of the Korea Concrete Institute, 34(4), 345-351.
Oh, Y. H., Moon, J. H.,, Kim, T. K, Lee, J. H., &
Shin, S. H. (2021). Structural behavior and seismic
resisting performance of double walls as PC special
shear walls. Journal of the Korea Concrete Institute,
33(1), 65-73.

337



DA - AAD - 7 - G

[<IA= |

M

19. Pan, G. B., Cai, J.,, He, A., Chen, Q. J., Zuo, Z. L,
He, B. Q., Tang, X. L, & Wu. H W. (2021). An
experimental study of the seismic behaviour of precast
concrete shear walls with bolted-plate connections.
Engineering Structures, 248, 1-19.

20. Seo, S. Y., Kim, S. H., Cha, J. W.,, & Lim, B. H.
(2020). Seismic capacity of precast concrete wall
corresponding to connection detail of vertical bars at
horizontal joint. Journal of the Korea Concrete Institute,
32(6), 541-551.

21. Sheikh, S. A, & Khoury, S. S. (1997). A
performance-based approach for the design of confining
steel in tied columns. ACI Structural Journal, 94(4),
421-432.

22. Song, J. W., Chun, Y. S, Song, J. K., & Yang, K. H.
(2018). Seismic performance of special shear wall with
special boundary element confined by overlapping hoops.
Journal of the Korea Concrete Institute, 30(1), 47-58.

23. Watson, S., & Park, R. (1994). Simulated seismic load
tests on reinforced concrete columns. Journal of
Structural Engineering, 120(6), 1825-1849.

24. Yang, K. H. (2015). Development of a simplified
V-shared ties for seismic design of reinforced concrete
columns. Technical Report, Kyonggi University.

25. Yang, K. H. (2016). Lateral confinement effectiveness of
V-shaped supplementary ties in RC columns subjected
to axial compressive loads. Journal of the Architectural
Institute of Korea Structure & Construction, 32(3),
11-18.

26. Yang, K. H,, Lee, Y. H, Kwak, N. H., & Chung, H.
S. (1999) A Study on the Effectiveness of Hook Type
of Crossties in the Flexural Behavior of Confined
Concrete Columns. Journal of the Architectural Institute
of Korea, 15(9), 63-70.

27. Yang, K. H., Mun, J. H, Kim, S., Im, C. R., & Jung,
Y. B. (2023). Flexural behavior of precast lightweight
aggregate concrete shear walls with different wall-to-base
connections. Engineering Structures, 297, 1-19.

28. Yang, K. H., Mun, J. H., & Oh, N. K. (2023). Flexural
behavior of precast lightweight concrete shear walls.
ACI Structural Journal, 120(2), 217-231.

29. Yang, K. H., Mun, J. H, Kim, S., Im, C. R, & Jung,
Y. B. (2023). Seismic performance of precast
lightweight aggregate concrete shear walls with
supplementary V-ties. Engineering Structures, 297, 1-19.

30. Zhi, Q., Yuan, Z., Zheng, Y. Jia, L., & Guo, Z.
(2024). Experimental research on seismic performance of
precast concrete shear walls with a novel grouted sleeve
used in the connection. Journal of Earthquake
Engineering, 28(5), 1379-1403.

(Received Dec. 6, 2024/ Revised Jan. 2, 2025/ Accepted Jan. 13, 2025)

338 Journal of the Architectural Institute of Korea Vol.4l No.3 (Serial No.437) March 2025





