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The steel-plate concrete(SC) is used in a form of module assembly construction in the outer wall of nuclear-power plant and LNG
containment. Since the steel-plate concrete modules are generally manufactured from the plant, the weight of SC has significantly
effect on the total construction cost in the aspect of shipment. Therefore, the use of lightweight aggregates concrete(LWAC), which
fill the inside of SC module can be a solution. However, the amount of used lightweight aggregates(LWA) is limited in the use of
current concrete mixing process due to the concrete quality problems and it also determines the allowable minimum density of LWAC.
In this research, the preplaced casting method is applied because of increasing the volume fraction of LWA significantly, which results
from the producing process of pre-packing the LWA in the formwork and filling the interstitial voids between LWA using cement paste
grout. The density and compressive strength of selected preplaced LWAC were 1,600kg/m® and 30MPa and it was applied for the
mock-up specimens of SC panel. It was used for the 3-point bending test for evaluating its structural performance. The results show
that the preplaced LWAC can reduce the density of concrete with the adequate mechanical and structural performance.

JIHE : ZeISYI0lAE 232IE, Z2HE 23LIE, 3=

M, JetRE, 38 & A

Keywords : Preplaced concrete, Pre-packed concrete, Lightweight aggregates, Grout, 3-point bending test

o

E
=

= AXEEEA AYNYHYT 5 S5 F22 HE
2Tt Z32|E(steel—plate concrete, SC)2f 22 A3 1
20| 1 T|11 QUICHKIm et al, 2008; Yim et a
2013), BIE TEDES A0 M0, S0l 0I5 X2
TEAES MSol= YAolLh 2Est S8 M A 1x22E

o
9 0|5 B82S YAIZI7| RleiME Aig 222IEQ] Z2at
(@]

v

P
i

L5t 0 =R20As Fig, 12| 22 Z32(E mE(SC panel,
SCP)zt Z0| & L Afo] MSE7 51, Chol AHE EE=

t 8
EFO|HF7} HHX|Zl= MY FEZE0| ol AESt X} STt of
g H 22 100~200mm0|H, AFHE E=

* Corresponding author E-mail: jaekim@unist.ac.kr
'SAtkst |
44919, Korea)

MG ZH=CHPark et al, 2009; Kim and Jang 2011; Kim et al,
201), SR BHEML| §420] =0F 232|E g 2%
Holl 2|7} HRSICHSIm and Yang 2010; Kanadasan and
Razak 2014; Nguyen et al, 2014), 5t 1%

o2 A2 MEE
o Qe JEEMe ROI280| §UiHe2 LA 0= Qs
RS HIEol taiAls SHRIEXEIF0] 1,900~2,000kg/m* H =
TIRIZ AEfste| o7t Qe Aoe=2 HuERUCHKIm et al, 2010;

11

= ZzEx 232

£0| 32 RENS HAT5Y| Y

& EA|IEEZSHE (School of Urban and Environmental Engineering, Ulsan National Institute of Science and Technology, Ulsan,

Copyright (©) 2017 by Korean Recycled Construction Resources Institute

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



Ho
gal

Bogas et al,

0] =20|M= AV|E scP £XE 2t

density) 1,600kg/m® QI=ZE 30MPa Z2|Z20|AE

r
02
oN
=
Ofol

2012).

TSR buk
7

EIH

Z32|E(preplaced lightweight aggregates concrete, preplaced
LWAC)E EAMstiIx} ot Z2|S2|0|AE ZHEA 232(E

. Fig. 22}

rlr Jon TIr

HO|AE NSHZ,

20| 37 S7Ict g0l Sthst

240| AR Z
AHIE J2IREZE 2 Ao 2
BIHO|THYoon et al, 2015; Najjar et al, 2014), O|2{et
o] ma|mjzloz =Z3a|E U 21
|1, SAl0l SCP AMEd

IIjH

= AT} m2bd, 0] ==0lM

Eol Y 9 7

4=

4= HelE H

H2FEXHE 0|2] Hx|SHpre—packing
=20i| XY 232/EE B

= dg= Rl

mE=PS

UL T—=0

)
t

nx
ol

4

1=t
L]

S Mo AT W

oICt = 1

o

\\

Formwork

LWA pre-packing

Grout injection

Fig. 2. Producing process for the preplaced LWAC

Table 1. The physical properties of lightweight aggregates
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Fig. 3. The shape of lightweight aggregates

. Oven-dry specific . Maximum .
Label | Raw materials W?(E:r Zsti:)g;;OH derr}llsitg Oven_dr[};(gt;;%(] density Packing density size Me[érlnnmsllze
[kg/m’] [mm]
L1 Clay 17.0% 1,178 692 59% 12.4 10.3
L2 Shale 5.0% 1,358 769 57% 19.0 9.7
L3 Slate 9.7% 1,261 774 61% 19.0 10.2
L4 Clay 11.8% 1,330 816 61% 11.0 10.6
L5 Bottom ash 8.4% 1,280 798 62% 16.0 11.0
L6 Polystyrene 0% 35 19 57% 11.0 11.0
22 Vol. 5, No. 1 (2017)
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Table 4. Fresh and hardened properties of grout
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Table 2. The oxide composition of portland cement

Composite | CaO | SiO, | ALO; | Fe;O; | SO; | MgO | K,O

Cement |[65.5% |17.7% | 4.5% | 3.4% | 3.4% | 3.3% | 1.1%

Table 3. Mix proportions of grout

Grout Grout mix proportion[kg/m?]
mixtures W/C | Water | Cement Superplasticizer

G42 0.42 569 1,354 4.1

G35 0.35 524 1,496 6.6

G30 0.30 485 1,617 11.5

G25 0.25 440 1,759 17.8

G20 0.20 386 1,929 313

Bleeding test Compressive strength
Grout Flow time[s] [MPa] Density[kg/m’]
0.5h 1h 2h 3h 5h Tday 28day
G42 1.0% 1.4% 4.3% 5.1% 5.1% 14 38.6 48.5 2,000
G35 0.9% 0.9% 1.2% 1.9% 1.9% 24 56.0 76.3 2,070
G30 0.4% 1.0% 1.3% 1.3% 1.3% 40 70.5 84.1 2,130
G25 0.1% 0.1% 0.1% 0.1% 0.1% 56 81.7 100.4 2,225
G20 0% 0% 0% 0% 0% 107 90.2 111.3 2,320
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Fig. 7. The microscopic images of the cross-section of (a) L4 and
(b) L4-G20

ofl UM, Bt 12RE HEZ AT} Azl o]
= t7} QICHLo and Cui, 2004), 0|2
HE2IA ZH ZE=ol| w2t =22

HSISHA| ECE

9| 37| Table 52 2L},
37|= 110%2,000X400mmO|H L
8mm T2 ZES Atget BIEel 27
mmO|0H, LIE AEE ZF4E 110mmO|Ct XMIAf= 4 F]IH'—"Oﬂ ]

- o
ali Fig. 8(a) 20| 31 & d&ls +dlslo] 2dss E7IstRi,

|>
i

=
ro
|'|_|O
rc
Mk
=
i
65
ro
[
30
O
0
0y
o
m
@
o
(@]
(@]
-]
w0
S
o8
(v}
5
«

concrete, SCO)Z LSS T2 TEI0] Chet 37E MBS 485t
0f o] LS e 2a2lE0] K2 FAs
H

SiRCE. ol 17E E—EEIEQI %—)\IDJE

=Z32|EE FYet HH%% %O o AMHHO fBO* AITE 1t B
[m}

=
ot F7|7F 2XPE LR ARS 7F20[ 100mmE O £&5 C Iig

E 1 AlHol| Cifet 3% & AlE Zuk= Fg,

8(b)2t &Lt L3-G30x IRs ZI2|ES| Y=UET}| 33, 0MPadt

63.0MPaz 24l 71710| XJO|LEX|EE 2T LIRS X =

YFL0l| M2 JE 232|E AHO| gldsel Hatt 79 gl
ol F

Ch olmj L3-G30& = 232|E0] Hlalf L=t 30%0 1AL 7HH

26 vol. 5, No. 1 (2017)

Table 5. The dimension of steel-plate panel for the 3-point
bending test

Dimension of steel plate

Concrete filled SCP Panel Stud
thickness Size[mm] interval
[mm] [mm]

L3-G30_110A | preplaced 6

110%2,000%400 90

L3-G30 200B| LWAC 8 200x2,000x400 110
SCC_110A sce 6 110x2,000x400 90
SCC_200C 8 200%2,000x400 100

1,000
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=
]
2 I —
S 400 S
s ——13-G30_110A
J
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i --= SCC_110A
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0 T T T
0 10 20 30 40
Mid-span deflection [mm]

(b)

Fig. 8. (a) the 3-point bending test and (b) results for preplaced
LWAC and SCC
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