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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 : ZeISYI0IAE 232IE, Z2HE 23CIE, =M, JetRE, 38 & 4
Keywords : Preplaced concrete, Pre-packed concrete, Lightweight aggregates, Grout, 3-point bending test

1. M2 EHO[HEQ] 271242 40~80mmO|Ct, 0|3t X712 &43m Z27}
500mm 0|91 N7E ZI2|ES MESIHE, A=E-dol thet =
Zl AR A, HHHHHT 5 S 222 HAOf| A 74E01 HEJH Hedt AE YRz BRE

20 237|E(steel-plate concrete, SC)QF 2+ SHAE 1AxE SHH ZeEM 23| Es Y 232|E0| Hlo B2t R
|28t BE3F ZH0| 7251 QICHKIm et al. 2008; Yim et al. KEES ZH=CHPark et al, 2009; Kim and Jang 2011; Kim et al,
2013), Y FREES A0 MESHH, SdolM= 012 =8 20M). ofX[2F ZHETHY 54+80] =0t 232|E Hige| S8
5l TRES A|Zsie HAo|CH RES 2 MR A| 2XRE Hojl Fo7t WRSICHSIm and Yang 2010; Kanadasan and
O] 0] Ma|MS SFMA|IZ|7| QM= S 232|EC| AZSIt Razak 2014; Nguyen et al, 2014), &5t 1R A=EM 232
Losich 0] =20 A= Fig, 19 2T 232|E 1§2(SC panel, EQ| 42 RS S| flofl RHigez dA=oz AZY
SCP)t Z0| & & Alo] SRt &1, L ARE E= 5 e BN RLIZE0| HiXe=z HASICE 0|2 Q5]
Eto|d}7} HiX| Efs &S ;szgoﬂ Chal ZEstmxt Stct of 135 o] taiAs TS EIZE0] 1.900~2,000kg/m HE
A el 232|E MRE 2 100~200mm0|H, AFHE L= TIX2 ZEste] o7t Qlies Ao 2 ENEITHKIm et al, 2010;

* Corresponding author E-mail: jaekim@unist.ac.kr

'SAIEH &2 EA|SAZESHE (School of Urban and Environmental Engineering, Ulsan National Institute of Science and Technology, Ulsan,
44919, Korea)

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

21

S4EEI|S R [ 1P 114.70.7 %% | Accessed 2017/08/02 16:28(KST)



Ho
ﬁ
08

N

)

=
Ofor

Bogas et al. 2012).

0 =0z

A7|E SCP BTS 93t TR bulk

density) 1,600kg/m® Q=ZE 30MPa Z2|Z|0|AE ZHZZ Y
Z32|E(preplaced lightweight aggregates concrete, preplaced
LWAC)E EAMstiIx} oIt Z2|S2|0|AE ZEEM 232(E

rlr Jon TIr

HO|AE Al

IO

- Fig. 29} Z0] HEEo| &4
ARIE D222 B Mo| 2
BHHO|CHYoon et al, 2015; Najjar et al, 2014), 0|2{¢t =
ol majmjzioz 23a|E L 20

A

[SY =y 70:‘%%

20| 37 S7I6tH 80| Sthatela

=)
A =2 4 AT makM, 0] E%OHH
o

o
21

=

mE Z32E

Formwork

(¢]

LWA pre-packing

ZIME 0|2 Hx|SKpre—packing
=20 MY ZI2EES g

)
t

nx
ol

o

o AT Uk

SAlofl sCP A4S
= Z2=X Falb|of
Y= H3E Hlw BA6IACE £5 T2t

Grout injection

Fig. 2. Producing process for the preplaced LWAC

Table 1. The physical properties of lightweight aggregates
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. Oven-dry specific . Maximum .
Label | Raw materials W?(E:r Zzbs}:)(fﬁzon derr}llsitg Oven-dr[};(gt;lr;l; 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
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Table 2. The oxide composition of portland cement

Composite | CaO | SiO, | ALO; | Fe;O; | SO; | MgO | K,O
65.5% [ 17.7% | 4.5% | 3.4% | 3.4% | 3.3% | 1.1%

Cement

Table 3. Mix proportions of grout

o2 ARE Il U0 mat MElst I2IRES HElsHs % Grout Grout mix proportionke/n’]
_ _ mixtures W/C | Water | Cement Superplasticizer
0 SLsich Aol M FHEY Y= 10mm LHel= T on 02 | 56 354 i
elmfz Al 234 28 Z240] 202, AME HOIAE 7[Ete] Jet G35 035 | 524 1,496 6.6
SEE MSoIRCH Lot AHE J2IREQ| Fds &HolY| 330 030 | 485 1,617 115
floll Z27I2E2MA| 1ds =Ml A8 E 50 R3dE 3 G25 025 | 440 1,759 17.8
RIA|ZCE O|mf AIRE ABIES Y SAOIM HZE 15 ZEH G20 020 | 386 1,929 313
Table 4. Fresh and hardened properties of grout
Bleeding test Compressive strength
Grout Flow time[s] [MPa] Density[kg/m’]
0.5h 1h 2h 3h 5h 7day 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. 4. The density change of LWAC with regard to the volume
fraction and properties of LWA
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Fig. 7. The microscopic images of the cross-section of (a) L4 and
(b) L4-G20
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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

800

Z 600
=
]
]
S 400 S
s ——13-G30_110A
J
200 | i/ 13-630_2008
i --= SCC_110A
A SCC_200C
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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