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A Study of Artificial Light Weight Aggregate Concrete

Hifumi KAGaMI1, Hiroshi HASEGAwWA and Keiji KANEYUKI

Abstract

According to scarcity -of gravel at present in Japan, the crushed stone and artificial light weight
gravel have greatly used for concrete.

It is a report that the authors researched some properties for artificial light weight conerete and
its applicable values by use of several fine aggregates and the kinds of fine aggregate related to
the workability, some properties of those on the experimental results.

1. #&
AFBTENTIE, —EROXZ2EI2L, HiF44

]

2. &£ B & #
21 £ x* > |

ERE LD PREHCETT 2 REEICSH B,

o, BEESHOFEARRIBEEML, BE=y 7
)b, BBy 70— FORES 5T IR
T AWEEN S LD TINATD 5,

T, Mifw 2y B, Kexv b, HEHR
PRTIBEOEEa Y 7Y — FOISHMEL LT, v
— By T —, WEWIR, MAEREER, BN
¥ L OFEED T s & OB OV THERRINBTGE 2 3
MUIcDTZ2ORNERHRET 5.

EERERE LWEAKA FFY KAV b

2:2 W B #

S, Yy, PpPs ICATEEEHMO 4L L,
Table 1 ic PR ¥EE %, Fig. 1ichEig»2 Lo L
1z,

2:3 8 & #

K2 # > + BATEREEM 2 AV iz. 2 OWEN
HEd Tablel it L3 B0 TH A,

72 BRI EH OEE % photo. LIt L LT,

&' 3.15

Table 1 Properties of aggregate

N(in\d\s\of aggregate Coarse Fine aggregate

I o cperment | | R Svand | SO AT
Specific gravity 1.35 2.53 2.58 2.65 1.98
Absorption (%) 2.82 1.37 1.01 0.99 2.23
Unit weight (kg/m3) 810 1640 1650 1640 1320
Fineness modulus 6.45 3.96 2.14 3.52 2.60
Organic impurities 0 0 0 0 0
% of void 40.0 35.2 36.0 38.1 33.3
% of absolute volume 60.0 64.8 64.0 61.9 66.7
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Table 2 Design of concrete proportion

2 o ‘é A S Unit weight. (kg/m?)
- : o | 8 5 ~ . w/c sla
o9 g|°g @ : o
EolEE 88 . LA R A
Y S| R|Z2 8B < %) | (%)
A 15 3.0 2.6 83 42 165 | 200 | 793 585
I B % 3.7 2.7 ” 40 & 7 ” 770 605
C 7 3.0 2.8 4 36 % 4 712 645
D 7z 3.0 3.0 7z 39 e 7 576 615
A 15 3.0 2.5 66 43 165 250 795 562
I B V4 3.2 2.8 4 43 4 V4 811 562
C 7 2.7 2.8 7 38 7 2z 736 612
D 7 3.8 3.8 2z 41 ” 7 593 | 582
A 15 3.2 2.8 55 43 165 300 778 550
m B 4 3.7 2.8 4 43 74 4 793 550
C 2 2.7 3.2 7 39 7 2z 793 589
D 7 3.0 4.0 4 41 4 4 580 569
A 15 | 4.3 | 2.7 47 41 | 165 | 350 | 725 | 557
v B 7 4.3 3.0 2 41 7 ” 739 | 557
C 7 3.8 3.2 o 37 7 7 685 594
D 7 3.8 36 77 39 i V4 540 576
A : River sand, B : Sea sand,
C : Crushed sand, D : Artifi. light wt. sand,
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Table 3 Results of tensile and compressive strength

B 3RT =R

= 5 = ‘:;; Compressive strength §° ;:E\

5 0| g | o .% o ::D Oc (kg/cm2) %; % 58
5 22 28 |g? 5|2 |LB.
£ €35 |3 g £ 9| Noi| Noz | No3 | § 2 | g . g%&
¥ 3|2 3|2 8| ¥ & = g RN (@R
A 81 102 88 90 9.5 0.105
R B 117 120 114 117 11.8 | 0.101
C 97 88 103 96 11.8 | 0.123
We D 117 107 112 112 13.4 | 0.120
A 89 84 81 85 9.5 | 0.112
% B 127 110 123 120 13.0 | 0.108
C 103 90 118 104 14.6 | 0.141
I D 112 118 122 117 13.0 | 0.111
A 66 102 97 88 11.4 | 0.130
R B 116 108 120 115 13.0 | 0.113
C 75 87 76 79 11.1 | 0.141
Ao D 111 104 121 112 10.1 | 0.090
A 76 81 84 80 8.2, 0.102
v B 110 112 114 112 9.9 | 0.089
C 81 78 87 82 10.1 |} 0.123
D 116 99 102 106 12.1 | 0.114
A 172 191 171 178 18.1 | 0.102
R B 191 181 174 182 17.1 | 0.094
C 168 177 171 172 22.3 | 0.130
W. D 188 | 185 | 172 | 182 | 20.4| 0.112
A 176 182 186 181 15.6 | 0.086
% B 165 153 157 158 17.8 | 0.113
C 199 159 157 172 19.7 | 0.115
I D 158 162 158 159 20.4 | 0.128
A 140 143 153 145 15.3 | 0.105
R B 155 153 151 152 14.9 | 0.098
C 140 151 149 147 14.3 | 0.097
Aec D 158 158 165 160 18.1 | 0.113
A 127 143 146 139 13.4 | 0.097
% B 134 163 157 151 15.3 | 0.101
C 130 135 139 135 15.9 | 0.118
D 149 160 158 156 15.3 | 0.098

W. : Water curing, Ac : Air curing,

V : Vibrating compaction
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R : Rodding method,
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Table 4 Results of tensile and compressive strengtn

11

= Compressive strength ?,, @
s 5 § 2 6e  (kg/cm2) 5 5leg
“ « v B Y & £ = 103§
© 2 g g o | ©° 2@ @ oo =i
%g.gfgb %8 g ° Mean §é§§v§
E g g 5 é’ g Eg . 2 3 values | § & 8'53
Q (9] Q [y o
A 247 250 | 230 249 17.5 | 0.070
R B 214 243 239 248 24.8 | 0.1
C 222 239 260 242 27.7 | 0.114
We D 260 258 267 260 23.5 | 0.090
A 227 244 233 235 21.0 | 0.089
v B 234 224 21 220 22.9 | 0.104
C 252 262 248 254 25.4| 0.1
D | 222 218 223 221 22.3 1 0.101
A 206 214 220 213 15.9'| 0.075
R B 183 178 178 180 14.3 | 0.080
c 190 173 165 176 16.2 | 0.092
A D 222 239 237 233 14.6 | 0.063
A 168 199 202 190 15.3 | 0.031
v B 164 180 178 174 15.6 | 0.09%
C 199 213 196 203 16.5 | 0.08L
D 196 216 218 210 19.1 | 0.091
A 303 321 306 310 32.7 | 0.105
R B 285 311 267 288 29.9 | 0.104
C 330 323 339 331 36.9 | 0.112
W D 293 313 316 307 28.9 | 0.094
A 255 278 281 272 25.8 | 0.095
v B 247 255 293 265 24.5 | 0.093
C 297 318 303 305 33.4 | 0.109
v D 272 272 290 278 28.6 | 0.103
A 255 247 247 250 2.9 | 0.092
R B 236 257 250 248 24.8 | 0.1
C 252 265 270 262 22.3| 0.085
A D 283 265 270 273 26.4 | 0.097
- A 218 210 228 212 18.4 | 0.087
v B 223 218 223 | 2 207 | 0.094
C 204 234 248 229 23.5 | 0.103
D 238 262 239 245 20.4 | 0.083

W, : Water curing,

Ac : Air curing,

V : Vibrating compaction

R : Rodding method,
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Fig.2 Relation between cement water ratio and

compressive strength (Water curing)
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Fig .3 Relation between cement water ratio and

compressive strength (Air curing)

Table 5 Percentage of decrease in air curing

é § 5 % Compression (%) Tension (%)
§2 04,0 —
§ E g8 mo,om | N T nom | W
A 2.0 18 14 19 20 16 9.0] 30
R B 2.0 16 27 14 10 13 42 17
C 18 14 27 21 6.0 37 42 40
D ‘ 0.0 12 10 11 23 11 38 8.6
A | 6.0 23 19 22 14 14 3.8 30
v B 7.0 4 21 17 24 14 32 16
C 21 21 20 25 31 19 35 30
D 5.0 2.0 5.0 11 7.0l 25 14 29

% Temperature 24°C,
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Table 6 Ratio of Vibrating Compaction and rodding method

_§ ‘é" ‘E i% Compression Tension
£ 388 & _ W
S |G 8 I I il I\ I i m v
A 0.95 | 1.02 | c.94 | 0.80 | 1.00 | 0.86 | 1.20 | 0.79
Water | 5 | 103 | 1.04 | 0.89 | 0.92 | 1.10 | 1.04 | 0.92 | 0.82
curing| C 1.00 | 1.00 | 1.05 | 0.93 | 1.24 | 0.88 | 0.92 | 0.91
D 1.04 | 0.87 | 0.85 | 0.89 | 0.98 | 1.00 | 0.95 | 0.99
_ A 0.82 | 0.96 & 0.89 | 0.85 | 0.72 | 0.88 | 0.96 | 0.80
Alr B 0.98 | 0.96 | 0.97 | 0.89 | 0.76 | 1.03 | 1.09 | 0.83
curing| C 1.04 | 092 | 1.15 | 0.88 | 0.91 | 1.11 | 1.02 | 1.05
D 0.95 | 0.98 | 0.90 | 0.90 ! 1.20 | 0.85 | 1.31 | 0.80
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M ) — N b s —
=YY= POUNS MDA, B, Cibav 7y —t Methods/MethodsKinds Concrete
ARUIERIZINE S TH B, of of of fine
] . . compac- I m m I\
70, FEREEREEAS100, 200, 300kg/cm2DBEDY  curing tionaggregate
v UIREIEIR, 2R FENI2~15X104, 15~19X104, N S eT15.1 66 202
12.6 | 15.1 . .
19~24 x10¢kg/cm2DEIJH T-5 % 7
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B, Ciav 2y~ EEEQEETIZ2~3 X A 10.5 | 12.0 | 15.1 | 16.7
10tkg/cm?2 BE/NX < B b 33, EREREHS 300 v B 13.0 | 16.2 | 17.1 | 19.3
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Fig.4 Relation between compressive strength and Young’s modulus (Water curing)
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Fig 5 Relation between compressive strength and Young's modulus (Air curing)

Table 8 Young’s modulus ratio of Air

curing concrete / Water curing

Methods of| Kinds of Kinds of concrete
. fine aggre-

compaction| gate I 10 1l I\
] A 85.0 | 88.2 | 88.7 | 88.3
Water B 81.8|88.5|88.2|091.8
curing C 65.4189.2|79.8|94.9
D 87.4 197.4191.3|95.1
) A 100 76.5 | 81.7 | 84.0
Air B |83.4|81.5|95.2 | 84.3
curing C 66.7 | 84.7 | 84.2 | 88.0
D 74.7 197.3193.5190.5

Temperature 24°C, Humidity : 75%, Unit: %
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I C1470~1600kg/m3DFIFHT b 5. Fe OREBEIE

Table 9 Unit weight (kg/m3)
10%THO L DEIZT » 1TTHTORIKPESE=Y 2

(I)(finds If(iil;gisangresh Water curing| Air curing )~ MBI AERHE L RETES .
concretelgregate |concrete] R v R A FRSICVERL Lo = v 2 U — b O7kHZEA: k. Zerpigss
A | 1823 | 180912790 | 1707 | 1675 Ki%ﬁui%fgffot'aﬁi@%d“y’”
. B | 153 | w7 1| aes |15 POR BEAOMECIST, HORMOERS
C | 1790 | 1796 | 1803 | 1669 | 1675 I AEABED LN D
D 1543 | 1573 | 1580 | 1741 | 1471 Table 10 Ratio of unit weight of
A | 1758 | 1809 | 1803 | 1701 | 1694 air curing /water curing
i B 1790 | 1796 | 1803 | 1713 | 1720 . . —
C 1810 | 1841 | 1828 | 1739 | 1745 Methods | Kinds Kinds of concrete
of compac| of fine
D 1598 | 1624 | 1631 | 1541 | 1548 -tion aggregate| | il il I
A 1808 | 1847 | 1841 | 1752 | 1752 A 94.5‘94'1 95.0 | 95.5
T B 1830 | 1821 | 1834 | 1739 | 1758 ® B 95.0 | 95.4 | 95.6 | 96.6
b | 1600 | 100 |s624 | 1560 | 256 C | 944|908 | shs 5T
D 96.0 | 94.9 1 95.4 | 96.5
A 1795 | 1834 | 1822 | 1752 | 1745 N 93.6 | 95.0 | 95.2 | 85.7
v B 1837 1834 | 1853 | 1771 | 1777 v B 945 95.4 95.8 | 95.8
| b | a0 | oo | a6 | a0 | v C 20 955 %0. ] %4
D 93.0 1 94.8196.2195.5
72 & & 5 & 7-3 BURBEEREYVEHEOBIR

KA = v 2 ) — P OBRAEHER I HRRE RAFEERE LYY 7R BOBKRZL 7L Fig.
HEEN OO U EROETH 5, BhFEEay 2 6, TDELEDTH%,

Yo b 2 DOHER LT ETable 0D E 30 TH 5. —ff=y 70— OFPRC RN TIE, COmERE
sehggt =y 2 ) — FOBNEEERIZA, B, C FHBARIC B 5 & & 72 SNE R OB KB E 4T DO RER
oy 79—} T1670~1800kg/m3, DEf=y 7 ) — o TR DMEETLICEPBDONS. KERIT
ulk
AN
A .
221~
. o O
A B0
o = 0 x
3 A c0o
g 181~ .
N VAN x =
= 0
o 16|
= A O X
: O
14+ x o Ox O River sand, (A)
x = o A Sea sand, (B)
. O
12+ a Crushed sand, (C)
O/ X Light weightsand, (D}
10 1 1 L 1 - L
1760 1 | 1800 l 1840 ABC
1560 1600 1840 - D

Unit weight kg/m3

Fig .6 Relation between unit weight and Young’s modulus ( Water curing)
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AN
20 0
A
0 X
18 = A O
S X
o
16 A A
x X
X 'e) 8
o a
5 L
E‘) 14 A o X
<+ A
=
O 12 — @] =
<]
X O O River sand, ( A)
)(O AN Sea sanb, ( B)
10 —
o O Crushed sand, ( C)
O
X Light weight sand, (D)
8 -
| ! l ! ! ! | | ! | ABC
1750 1800 1850
| | 1 | | | 1 L | | 1 | | D
1550 1600 1650 1700

Unit weight, kg/m3

Fig.7 Relation between unit weight and Young’s modulus (Air curing)
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Table 11 Distributions of coarse aggregate

on the splitted section of specimen

E ‘:S) Eég s/a No. of grain
< 5 (<€ .
S g | g2%G All Upper | Lower
¥ 8 ZEP (%) | section| section | section
A 42 98 47 51
I B 40 111 53 58
C 36 117 58 59
D 39 120 | 57 63
A 43 117 57 60
1 B 43 116 59 57
C 38 121 58 63
D 41 117 57 60
A 43 109 | 52 | 57
il B 43 101 50 ’ 51
C 39 102 50 52
D 41 10 | 54 56
A 41 . 119 58 61
v B 41 120 59 61
C 37 119 59 60
D 39 127 63 64
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100
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Fig.8 Relation between tensile strength and percentage of ruptured coarse aggregate
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Photo .4 (Il[—A)
Photo. 2,3,4,5 Photographs of splitted section
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