Journal of the Korea Institute for Structural Maintenance and Inspection

Vol. 28, No. 3, June 2024, pp.27-36 PISSN 2234-6937
https://doi.org/10.11112/jksmi.2024.28.3.27 elSSN 2287-6979

o)
o
o
ojp
[o}
|H

AIHAE BI2|E FMCHHO| U Q8 HZ U 3| A DUl F|A|

=

Verification of Reinforcing Arrangement Error in Precast Concrete Shear Walls
Using BIM and Presentation of Flexural Ductility Model

Ju-Hyun Mun"”

Abstract: This study established a BIM procedure considering manufacturing errors in the production process, and evaluated the flexural ductility
of precast all-lightweight aggregate concrete special shear walls (PLASWs) with spliced sleeve technique. In the production process, the concrete cover
thickness of PALSW was on average 1.28 times greater than the cross-sectional details of the specimen modeled with Revit BIM program. In particular,
the bending inner radius of the hoop and inner-cross tie were greater than the designed details. Consequently, the confinement effect of core concrete
reduced from 64% to 54% due to the manufacturing errors in the transverse reinforcing bars, resulting in a decrease in the ductility of PALSW by
approximately 4.91%. Considering these findings, the BIM of PLASW with spliced sleeve technique should compliment the bending inner radius of
the transverse reinforcing bars, and the defined brittleness increase coefficient reflecting the decreased core concrete confining pressure in the stress-strain
relationship of confined concrete should be evaluated as 1.8.

Keywords: BIM, Precast concrete shear wall, Manufacturing error, Flexural ductility

1.AM B ek o] Mo Ao A gee A4 IR E S T8
3k AdA] @ 40|t Yang et al., 2021a; Zhi et al., 2024).
S G2 S5 EHE Zx0|M ANk o2 AMgshs Yang et al.(2023)2 2ZFTo]x S2|H FHO 2 A3t
Y250 F83] gnd 1AXE Fx5A ot Yoon et PC E5 Advhdo] M3 o Ao 2EHZ dato & 23] Y
al., 2013). 5 A o] A2 % E

AR $2 F3 AEHd E4 AR MdAdn 9 AR5} 2h2t
5 Bz mEel o3 3o FAEV a8F0® 7459 15.4% 2 33.1% © $+2-2 BT} Zhi et al.(2024) = 2=Z
A L 2K E L3 AT Yang et al., 2021a). “LE 7] w]j&o] glo] 2~ | B Y {of X 5= T2 ek -u A eke]
KDS 1420 80(2021) 2 ACI 318-19(2019)0l| A= 1134 -3 202 o] A5} A4 B R FL7bo] 7ZFAasHe A=) o] 9}
E A AA LA HA AFEITHFS FAHs o, Zo| PC & Ao gt 7]& A7t t -2 712909 A

53] ZF~E FA 8] E(precast concrete, PC) T o] A] ol A ~Eeto] 2 £ Hof| o3 A3tE &= A& Ko
=712 AT steEd 0] 3 AA HE 9 80% ol & 2 qrlst=dlel 84S 71 %‘Fl{Xue etal., 2022; Luetal.,

HIPES A A8k Tk B3 ACLHITG 5.1-07(2008)& PC - 2023; Xuetal., 2017). 3H] T TAGH| AG S =T
Aol dRerd ddda vidt v 8 A8 & ol B JEAIH ““u} o}qa} ZAA 4] 510
B3] 98 A Hud 554 deg ERlslu Itk & 23g|Eo] Fém|gd oA AT JFe Wt

l, o1 71&A = A8 SRS 91 A o F2 A (Yangetal,, 2021b). 53] AFHo] @& 9)o] Frd

ol

_4

A S AolsIOn, of AR U A LA S $EN DL YD A AADLE Tefsiel
YA 24t W2 0] HAgh-E AASEL Tt 0] €} 2Eo] PC 55 ], PC 57 A2 Askapgol| A byl Z4A| 84 &
o) AR Q1T H0] TP Eo] TL| 0] AT
A3, 7(3]7]EH§}'JT— f—”]’?*]ﬂ%ﬂ"‘?‘ AEFHF Za, wAlA= 1 Od/‘é =Ho] dA 3] A3l %E}(Llang et al., 2023; Xiao
DCez:rtersrll):rEdl:)lfg ?rt::ll(:;’t:er:tju}l%kitgrf;ring, Kyonggi University, Suwon, etal., 2021). ol el = AlZFeAkE 1123 PC S A
Gyeonggi-do, Korea o] AAH 7} thgl AT - W] m]3E o] 9o,

o B =Fo T3 E0) 22024 7Y 31 € 7HA 8F3) 2 BU|FEAE 20249 8K

5o ERAAE AASAGIT, 531 PC S5 Aeksel Az exi (484 SEEEpES

Copyright © 2024 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

27



) E 145h7] 913 A(Dalia et al., 2022; Yang et al., 2022)
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(2()24)i ‘:”:éaﬂ PALSW= 2 Zﬂ E O]Q XH EEA % spliced sleeve 4{
7} 27 Aol A A2 aske] M nE S5 BIMe) A% ) oot |
028 sty mdEe Ryt B, PALSWS] ¥ 7 it
A2 AAANIeL dEGAFERE Brskdth 53] N
PALSWellA 73A] @4 &] 74 G 7= Yang et al.(2021a)°]|
SRR RNEEC RS DEEE AT OES BRSE R O o htiona H
SIRAIE AN ) 758 212120 $el- e
B8 WA o sl AAE o) LA AEHO i o
2 PALSWS] B AL WAz Ao3jo] o HA 24 * 1
Y Lo AeE 18T o Y= 351 AAIE o)) a) Overall PALSW geometry
sto] W Agn] o] Brind e Adnksleleich Outer hoop
(D10@35-70) fDlO@200 D10@300
2. BIM X} & &1 ¢ NET
Crosstie 7
o (D10@35-70) | 550 | 700 | 250
2.1 A AN 1200
Fig. 13} Table 19 Yang et al.(2024)°l &J&ll == A-A' section
PALSW 234 0] A= Jeh) ok kA o 2 pc Atk b) Details of PALSW section
o] ik of| A A ZF A7} wro]| WA sk - A3 A Fig. 1 Details of the PALSW specimens
Table 1 Details of shear wall specimens
Transverse reinforcing bar Longitudinal reinforcing bar Reinforcing bar in web .
Specimens A, s Concrete type Connection
Y (inm) P W Arrangement P P Py method
1.0A 1.0 70 0.019 0.211 All-lightweight ~ Spliced
1.5A 1.5 50 0.026 0.289 8-D16 0.025 0.003 0.004 aggregate sleeve
2.0A 2.0 35 0.037 0411 concrete  technique

Note] 4,, =amounts of transverse reinforcing bar at the boundary element, 4,,, = minimum required amounts of transverse reinforcing bar at the
boundary element, s = spacing of transverse reinforcing bar at the boundary element, p,, and w,, = volumetric transverse reinforcing bar ratio and
indices at the boundary element, respectively, p, = longitudinal reinforcing bar ratio at the boundary element, and p, and p, = vertical and
horizontal reinforcing bar ratios in web, respectively.
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Table 2 Mixture proportions of ALWAC
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BIM 732 Y13FPALSW A @A o] Rellg & ~A X =
Z32024)7 FHl Z21382024)0] 20E Zho|BHE g
£ o] 85} Mun et al.(2022)°ll &J3}l ANA1E Hxk(Fig. 2)E ©|
2319 2 e g oksld thea 2tk 1) AAIX| =
EIHE o]-g3te] APA ] AA FAE maPGFTh 2) 3D
ojmA & R v 2 ful 22O HEUE Ve
o]g3te] IFC U2 Wik, 3) gyl Z2 3] 2rjd
glo|Hejglol A Mg Y-S 23k 4) ¢l Z2 73
oA AREE AT EC] IS FRlst] A% 5) 24 AR
E90] BgkS A3t} E3] At 4)ol 4] Rl Y PALSWE
374 @Rl A Az GAloke] g Fall AdAE Egt
ok 2ARXY Z23(2024)3 HH ZEIW(2024)S o] &

Unit weight (kg/m’) fu

Concrete Sea Ped Pe
c ca VW C S/a c
type (MPa) (kg/m’) W c c F, (MPa) (kg/m’)
ALWAC 35 1,500 0.30 0.45 195 355 566 503 39.6 1,755

Note] ALWAC = all-lightweight aggregate concrete, f,, and p,., = designed compressive strength and unit weight of concrete, respectively, W/ =
water-to-cement ratio by weight, 5/« = fine aggregate-to-total aggregate ratio by volume, 1w = water, ¢ = ordinary Portland cement, ¢, and 7, =
coarse and fine lightweight aggregates, respectively, and £, and p, = compressive strength and unit weight of concrete, respectively.

Table 3 Mechanical properties of reinforcing bars

Steel type Diameter (mm) Yield strength (MPa) Yield strain Tensile strength (MPa) Modulus of elasticity (MPa)
10 440 0.0023 572 194,115
Deformed bars
16 431 0.0022 577 203,561
Spliced sleeve 60 564 0.0034 706 165,882
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Establishment of procedures for modeling of PALSW

Modeling of PALSW
considering the details of
wall-to-base connection

g and
modeling of PALSW

J

of the BIM program

l:” ‘ into the loadable library

vi <s
Transformation of - Checking of overlapped
components for reinforcing bars and
structural members complementation
H SketchUp = Revit Revit + SketchUp
N [R] After converting the IFC Calculation of volume and
- file format, it is loaded dimension size using
generating report function
of BIM program

A

Fig. 2 Modeling process and research method for PC shear walls using SketchUp and Revit
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Fig. 3 Test set-up
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Fig. 4 Cyclic history of lateral load

Table 4 Overlapped reinforcing bars

& ofn|git). 3ot AFA GE 2~EHo| AR AFo
o|E] & o] §3te] =9l Tk 7HE ol -2 Fig. 49 Ut
ISiTh ZF Afo]Ee] ZHH S FEMA 356(2000)01 41 A A]
H AAE o]&st AT TP S IWele
300 mm &-3F2] ¥ 9] Al(linear variable differential transducer,
LVDT)E ©]-&stod dFrollo] Bl o] FAIA 7 FU 3 213 9]
3l Z-g oA Sk vl el 719 9A)
oke] H3HE ALo]oll A 50 mm-E-3F] LVDTE o] &3l =4
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Table 4= PALSW A& Ao AL 88 A 552 737
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Details of overlapped reinforcing bars

The number of overlapped reinforcing bars

Speci
-mens

Spliced
sleeve-Transverse
reinforcing bar

Spliced
sleeve-Horizontal

Transverse reinforcing
bar-Horizontal
reinforcing bars of web reinforcing bars of web

Spliced Spliced Transverse reinforcing
sleeve-Transverse  sleeve-Horizontal bar-Horizontal
reinforcing bar  reinforcing bars of web reinforcing bars of web

77 24 10
1.5A AN ||\ 136 2% 14

Table 5 Total volume weight of used materials

Volume at each materials(m?)

Weight at each reinforcing bar(ton)

Concrete Boundary element Web Boundary element Web
Speci Outer Inner o Horizontal ~ Outer Inner .. .. Horizontal

—mens . Longitudinal . . Longitudinal .
Fine Coarse transverse transverse . . Spliced and vertical transverse transverse . . and vertical

Cement . . . . reinforcing Mortar . . . . . . reinforcing . .
aggregate aggregate reinforcing reinforcing sleeve reinforcing reinforcing reinforcing reinforcing

bar bar

bar bar bars bar bar bars

1.0A 0.082 0.276 0.223 0.0051 0.0041 0.0133  0.0065 0.0039 0.0050 0.040 0.032 0.104 0.039

1.5A 0.082 0.275 0.222 0.0065 0.0051 0.0133  0.0065 0.0039 0.0050 0.050 0.040 0.104 0.039

2.0A 0.081 0273 0.220 0.0094 0.0078 0.0133  0.0065 0.0039 0.0050 0.073 0.061 0.104 0.039
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(b) Cross section of PALSW after supplementation

Fig. 6 Modeling of shear walls considering manufacturing errors using
BIM program
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Fig. 7 Lateral load-displacement relationships
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Table 6 Summary of test results

Speci b, (kN)
-mens 4

7, (kN) A A,

- + - Ave. (mm) (mm)

Ha

1.0A 317 316 355 347 351 21.7 588 271

1.5A 320 314 361 353 357 210 647 3.08

20A 346 325 393 371 382 209 69.0 330

Note] P, = lateral load at longitudinal reinforcing bar yielded, P, =
peak load, A, and Ay= displacement at P, and 0.8P, after P,
respectively, and p, = displacement ductility ratio.
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