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Physical and Mechanical Properties of Expanded Polystyrene Bead Concrete
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Min, Jeong Ki -Kim, Seong Wan - Sung, Chan Yong

Summary

The normal cement concrete is widely used material to build the construction recently,
but it has a fault to increase the dead load on account of its unit weight is large com-
pared with strength.

So, main purpose of this study was to establish the physical and mechanical properties
of lightweight concrete using expanded polystyrene bead on fine aggregate and natural
gravel, expanded clay and pumice stone on coarse aggregate.

The test rusults of this study are summarized as follows;

1. The water-cement ratio of concrete using pumice stone was larger than that of the
concrete using natural gravel and expanded clay.

2. The unit weights of concrete using pumice stone and expanded caly were shown less
than 1,000kg/m3.

‘3. The compressive strengths of all types were shown less than 60kg/cm?, tensile and
bending strengths were shown less than 13kg/cm? and 31kg/cm?, respectively.

4. The pulse velocity of concrete was shown similar with using natural gravel and
pumice stone, and shown the lowest using pumice stone.

5. The dynamic modulus of elasticity of concrete was shown considerably smaller, and
shown the lowest using pumice stone.

6. The static modulus of elasticity of concrete using expanded clay and pumice stone
were shown considerably smaller, and shown 22% ~29% as compared with the dynamic
modulus of elasticity.

7. The stress-strain curves of concrete were shown similar, generally. And the curves

were repeated at short intervals increase and decreased irregularly.
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Table-1. Physical properties of normal portland cement
Fineness blaine | Setting timﬁ Compressive strength
Item S.G (ecm?/g) (hrs-min) (kg/cm?)
Initial l Final 3days 7days I—T&gfs‘

?ortland cement 3.15 3,240 5-7 ! 7-20 194 216 323
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Table-2. Chemical composition of normal
portland cement

(unit ; wt. %)

Si03 |Al03] CaO |MgO| 03 | K20 [Naz0[Fe;0s

21.09) 4.84 |63.85) 3.32 | 3.09 | 1.13 | 0.29 | 2.39

l
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Table-3. Physical properties of synthetic
lightweight fine aggregate

Unit | Grain Specific .

. . . |Absorption
weight | size Color | gravity (%)
(kg/m3)| (mm) (20°C) 0

12 | 2~4 |Pure-whitg 0.22 0

CH,~CH, CH=CH,
-H,
e O = O 2 0
Ethylene Benzene Ethylbenzene Styrene
H H
[
n-CH=CH, c—¢C
b
Polymerization H
- 1O
n
Styrene Polystyrene

Fig. 1. Molecular structure diagram of ex-
panded polystyrene bead
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Table-4. Physical properties of coarse ag-

gregate
Specific| Absor- | _. Unit
. Size ) Fneness .
Item |gravity (mm) ption dul weight
mm modulus
(20C) (%) (kg/m®)
Natwral | 0 li75~10 215 | 600 | 1,550
gravel
Expanded
XPended 068 | 3~81 21.00 | 560 | 386
clay
Pumice | o 67 lu75~10] 3890 | 600 | 367
stone L L

Table-5. General properties of admixtures

Specific —[Freezing o Unit
. ) Principal .
Item |gravity | PH | Color | point | odient weight
ingredien
(20°0) ) | (/)
Superpl- Dark Naphth-
asticizer brown | -2 alene 1,190
liquid sulfonate
Special
Foani Light anion
‘oami
g brown - surface | 1,100
agent L .
liquid active
i L agent
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Table-6. Mix design of lightweight concrete using expanded polystyrene bead

(kg/m?)
Coarse aggregate I
Type T Cement Bead Natural | Expanded | Pumice S.P F.A  [Slump(cm)
gravel clay stone

CBG 574 13 152 - - - -
CBGS 545 12 144 - - 7.6 -
CBGF 464 10 123 - - - 5.1
CBE 542 12 - 34 - - -
CBES 606 13 - 37 - 8.5 - 2+1
CBEF 447 10 - 28 - - 4.9
CBL 529 12 - - 33 - -
CBLS 522 11 - - 32 7.3 -
CBLF 495 11 - - 31 - 5.5

% CBG : Cement+Expanded polystyrene bead + Natural gravel
CBE : Cement+Expanded polystyrene bead +Expanded clay

S.P : Superplasticizer
F.A : Foaming agent

CBL : Cement+ Expanded polystyrene bead +Pumice stone
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Table-7. Test results of lightweight concrete using expanded polystyrene bead

7 . W mic | Static
Item Unit Strength (kg/cm?) Pulse
Ww/C . i modulus of jmodulus of
(%) weight velocity elasticity | elasticity
Type ’ kg/m3) | Comp. | Tensile | Bendin
yp (kg/m?) p en ing | (m/sec) (ke/em?) | (kg/em?)
| \RE/C
CBG 30 1,053 60 13 30 2,927 66,474 14,950
CBGS 26 1,130 66 15 32 3,101 73,532 21,636
CBGF 27 830 8 6 14 2,245 38,305 13,729
CBE 31 760 42 12 23 2,899 57,568 14,107
CBES 25 830 50 14 31 3,101 69,951 15,147
CBEF 26 610 9 5 8 1,928 31,527 11,903
CBL 35 758 37 10 15 2,765 42,859 12,363
CBLS 30 815 40 11 22 2,923 49,550 14,526
CBLF 31 619 L 6 4 7 J 1,173 20,942 941
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em2, Z4AE #7138 CBESE 0.15 x 10%kg/ o & Eabal, wa B Zelagd Aot 3}
cm?, 7| ZA| 2 #7138 CBEFE 0.12x 10%g/ At Qe FUANEF FIE YA Fe
em?o 2 JeEldi, AAe AL3 CBLS Al 7] Wil vebd 43tz A=
0.12x10%g/cm?, Z5AE 718 CBLSE= B, AAg2EA 9 34 MY {2
0.15x 10%kg/cm?, 7| ZA42 #H7}& CBLF= 2 7t Typed Ea]-984 gde] Hlux
0.009 X 10%g/cm22 Yehdony, &34 3 & uYehf¥ Table-83} Zt}.

Table-8. Comparison of physical and mechanical properties

Tvpe |
L YP®! CBG | CBGS | CBGF | CBE | CBES | CBEF | CBL | CBLS | CBLF
: em ;

Unit weight(kg/m®) | 100 | 1073 | 788 | 722 | 788 | 57.9 | 720 | 774 | 588
Compressive strength

(kg/cm?)
Static modulus of

100 110 13.3 70.0 83.3 15.0 61.7 66.7 10.0

. Y 100 144.7 91.8 94.4 101.3 79.6 82.7 97.2 6.3
elasticity(kg/cm?) ; ! )

Dynamic modulus of o :
¢ 100 110.61 57.6 86.6 105.2 47.4 64.5 74.5 31.5

elasticity (kg/cm?) i ‘

Pulse velocity |
vise veloctty 100 | 1059 767 | 99.0 | 1059 | 659 | 945 | 99.9 | 40.

(m/sec) ; e i o
G714 mi el gol, #ATE AEE  CBGe S¥-wdaRMe g Zrje} @
CBGYl A& #7138 CBGSE A9 = A 71&717 Frrsted @agg & F48 3
E Typeoll A 382 5o Astes Aoz 23t A8 Zrtbele Adkom eyt o
velgon, 53] 7zt Typed 7124 & H71E w, 27]-&8 A Fi vlevie 43I
Bel PEREE CBGY wmael 478 2 dehdou, $¥& A% s 99
Be oz ey dAel 71e7)e A ral verd
7. 2o maeDA - A M%e—j.’é}OllﬁQl tﬂ__ﬁé% 371]- ‘%%}
G ggtou, sleld WehsEe A¥s
AR e 7t Typed $H-¥RET = PRAE Adede) 9PHe A&
A& Fig. 3, 4, 59 2t 2 AYstEA wgo] A= Ao vy
d7|4 B npel Hol, Az AL wrh ol AlEAE ALSE WR Zeadd
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Fig. 3. Comparison of stress-strain curve
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Fig. 5. Comparison of stress-strain curve
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