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Abstract

This paper presents the development of self-consolidating concrete (SCC) using lightweight aggregates. SCC using Light-
weight aggregate properties have been evaluated in terms of flowability, segregation resistance and filling capacity of fresh
concrete as per the standards of the Japanese Society of Civil Engineering (JSCE). The measurement of the mechanical prop-
erties of hardened SCC using lightweight aggregate, including compressive strength, splitting tensile strength, elastic moduli
and density, as well as its dry shrinkage and carbonation properties were also carried out. The characteristics of SCC using
lightweight aggregate at the fresh state showed that as the use of the lightweight aggregate, the flowability improves without
exception of Mix No. 9 but the segregation resistance tends to decrease without exception of Mix No. 3, 4 and 5. The 28 days
compressive strength of the SCC using lightweight aggregate was found to be 30 MPa or higher. The relationship between the
compressive strength and the splitting tensile strength was found to be similar to the expression presented by CEB-FIP, and the
relationship between the compressive strength and the elastic moduli was found to be similar to the expression suggested by
ACI 318-08 which takes into consideration the density of concrete. The density of the SCC using lightweight aggregate
decreased by up to 26% compared to that of the control SCC. Also, The dry shrinkage and carbonation depth of the SCC using
lightweight aggregate increased compared to that of the control SCC.

Keywords : self-consolidating concrete, lightweight aggregates, segregation resistance, dry shrinkage, carbonation depth
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Mo B ol A WEe Eokl ARBAE AL Tpe D02 | AROy | Fe0n | €O | MeO | 5O
L3t AL =T 30 MPaS U F Y= 7= A LA* 7420 | 1320 | 1.00 1.00 | 0.10 -
A FAYES] wiks AR 71 AT 238 *Lightweigth Aggregate

E 2. 2Xjo| 2215 43
Items Grax Densigy Absorption FM. Bulk der;sity Perce.ntage Crgshing
Types (mm) (g/em?”) (%) (kg/m°) of solids(%) ratio(%)
NC 20 2.72 0.80 6.72 1,668 62.3 14.6
NS - 2.55 2.43 2.81 1,666 62.6 -
LC 20 1.58(1.23)* 28.09 6.40 793 50.2 238
LS - 1.87(1.61)* 13.71 2.64 1,127 60.3 -
*Density under oven-dry condition
I 3. APIEM 232 EQ 458Vl J7[EHUEESES|, EHA)
Items Kank ! 2 3
Minimum gap between reinforcement (mm) 35-60 60-200 >200
Construction condition
Amount of reinforcement (kg/m®) 2350 100-350 <100
Flowability Slump flow(mm) 600-700 600-700 500-650
. . . Time required to flow through V-funnel (sec) 9-20 7-13 4-11
Segregation resistance ability
The required to reach 500 mm of slump flow (sec) 5-20 3-15 3-15
Filling height of U-box test (mm) 2300 2300 >300
Absolute volume of coarse aggregates per unit volume of SCC (m?*/m?) 0.28-0.30 0.30-0.33 0.32-0.35
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Mix | Sa | wic Lc/ LS/ Unit mass(kg/m’) HRWR | AEA

No. | (%) (%) |(LCHNC)(%)| (LS+NS)(%) W OPC NS NC LS LCc | (XO%) | (*C)%)
1| s3 38 0 0 175 | 460 | 861 | 810 0 0 1.0 0.005
2 | 53 38 50 0 175 | 460 | 861 | 405 0 23| 10 0.005
3 | 83 38 100 0 175 | 460 | 861 0 0 469 10 0.005
4 | 53 38 0 50 175 | 460 | 430 | 810 | 316 | 0 1.0 0.005
5 | 53 38 0 100 175 | 460 0 810 | 631 | 0 1.0 0.005
6 | 53 38 100 25 175 | 460 | 645 0 158 | 469 | 1.0 0.005
7 | 53 38 100 50 175 | 460 | 430 0 316 | 469 | 1.0 0.005
8 | 53 38 100 75 175 | 460 | 215 0 473 | 469 | 1.0 0.005
9 | 53 38 100 100 175 | 460 0 0 631 |469| 1.0 0.005
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Compressive strength (MPa)
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= 73S Holal Ut}
9 2E V&Y ARSFEE o =2¢] 4
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AEd Aotk a7 11 2 12014 4 (1)
of P AlF a & bE 7 5 AT

33 HUTBAS AIBSH Ap|&H =aa|so| HZAS U 0.08
Etis} 007}
a8 9 9 102 AEEFAE ARES AEH S3gEY 0.06
A wE AxFFHES A soltk. I8 9 F 109 '
Ay} B AE 100% E38F A= AlLjshae 7E 0.05}F
Zaeles) vlasle] ZE uigel AxF5Eo] i & S ool
HEFS Holal Ut o]#dt YU A=A Uil -
stE|olS= vlHEe] JEko g 5T 5 AR 4 0.03}
=2 AAEY, eIt ARFASAE Sl ARESH onl
0 1 1 i 1 1
80 0 02 04 06 08 1
70 1711/ weeks)
— 3% 1. 142+ 1/2] BHI(Mix No. 1-5)
< 60
= 0.08
2 50
g 007}
2 .
% * 0.06
g 30 '
20 0.05F
10 W 004t
0 [l 1 Il 1 [l 003 B
714 2 56 112
0.02F
Age (days)
2 9. Kol e HESZE(Mix No. 1-5) 001F
0 1 1 L 1 1
90 0 02 04 06 08 1
80 17t (17 weeks)
J8l 12, 142 1/2] ZA(Mix No. 6-9)
70
g 60 E 5 U=THEe H= A oS
x . LC/ LS/ .
g Mix Measurement | Prediction
% 50 No. (LC;;NC) (LS;FNS) (<105 Ay | (<105, B) A/B
2 (%) (%)
= 40 1 0 0 53 55 0.96
g 30 2 50 0 65 65 1.00
0 3 100 0 78 80 0.98
20 4 0 50 60 57 1.05
10 5 0 100 44 41 1.07
L ' ' 6 100 25 77 65 1.19
714 2 56 112 7 100 50 75 90 0.83
Age (days) 8 100 75 68 69 0.98
32| 10. Mol e H=FE8(Mix No. 6-9) 9 100 100 67 67 0.99
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Carbonation depth (mm)
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714 28 42 5 112
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28 14 Ko| mE EHESE 200|(Mix No. 6-9)

& =t/Aa+b) )

A7, g XTFE
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ab AT

i 5= () o183l Al 167904 ARSEES] A4S
W} olS5gks vlasle] it Aotk 3k 5o Av} A&
dlZgke] HIE 0.839014 1.199] 9IS YR Sick

a8 13 2 14 AHEAE S A5 E3REY
A W2 gisl zlolg At ot a1y 13 3
149] A3} 7)E Za2|E9) vlusle] TE vl eils
Zo|7} i & A Holu it il FdEs o=
212 2(2)E o] 83IAThEA 5, 2009).

y=Cx.t ()

o714, y : &Lk Zlo)(mm)

B304 FEOAW - 20104F 11H

I 6. BRME SEAIT

Mix LC/ LS/ Carbonation velocity

No. | (LC+NC)(%) | (LS+NS)(%) coefficient
| 0 0 0.26743
2 50 0 0.32809
3 100 0 0.39211
4 0 50 0.30023
5 0 100 0.36050
6 100 25 0.38961
7 100 50 0.43154
8 100 75 0.47632
9 100 100 0.56710

C : I3} S5k
¢ @ Al (weeks)

E 62 2 F 83l AFEAE ARES AIEH
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AN B A e A 12% STk 3RS Ho|
I 3tk ol#g Y91 AFEANL] W) e oF
oJz Qlo] Fr1do] SiEo] okl SANE B3l W)
Rz sl uwle}l eEl vt o] v o dAdkE
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Wi EIEY USATI} 2352 B3 SEAT)
Yol Ao g dEA ot uehd, gadl SeAsE 7
ForoTA 2 AEREAlY] E3Ee] TGS EaEY
o5tz o] Aslels et BRlo] Jg FoE wdE)
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A B3 Ae7Es UEshe o= e
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7} ke o] Aoy BE HigelA 30 MPa ©]
NI = ARy = el

3. AEFAE AR AT 2a2ES] AE 28U =
AEet 270 QIS Wi 98914 1242 EREOH,

Al ACIOIA AN A A fARBKITE &=

3 A4 Bk AEEA 2 AHESIFAE 54

315 ZA-9olA 26%E VFERSTE
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