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Characteristic of Light Weight Mortar using Waste Expanded Polystyrene

and Expanded Polystyrene Beads
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Abstract
This study presents an evaluation of basic properties of light weight mortar with expanded polystyrene bead(EPB) and
waste expanded polystyrene(WEP) by varying replacement rations. In order to evaluate the basic properties of the light
weight mortar with EPB and WEP, unit weight, compressive strength, flexural strength, water absorption ratio, thermal
conductivity and distribution of polystyrene (EPB and WEP) in hardened mortar were performed. As a result, unit
volume, compressive strength, bending strength, water absorption and thermal conductivity of light weight mortar were
increased, but area distribution of polystyrene decreased with increasing the replacement ratio of WEP
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Characteristic of Light Weight Mortar using Waste Expanded Polystyrene and Expanded Polystyrene Beads

(b) EPB

(a) WEP

Figure 1. Waste expanded polystyrene and expanded polystyrene
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Figure 2. Particle size distribution of waste expanded
polystyrene
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Table 1. Experimental plan and mix design

Polystrene(%)

Unit weight (kg/m?)

Type \E\!/C()D (\:/e/ltear) Test items
EBP WEP am c s EBP WEP
EOWO 0 0 70 280 400 400 0 0
EOW100 0 100 70 280 400 400 0 132 g”” Weight
- Compressive strength
E25W75 25 25 70 280 400 400 18 9.9 - Flexural strength
- Water absorption ratio
- Segregation resistance
E75W25 75 25 70 280 400 400 5.4 3.3 (except EOWO)
E100W0 100 0 70 280 400 400 7.2 0
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Table 2. Physical properties and chemical composition of binder

Chemical composition (%)

) Specific surface Density
Type of binder (cm¥9) (alem?) lg. loss
areaiem/g gem SiO, AlOs FesOs Cao MgO SOs
orc" 3,144 3.15 1.32 217 57 32 63.1 28 22

1) OPC : Ordinary portland cement
Table 3. Properties of sand

Density e 0.08mm sieve Fineness Solid volume Amount of I
Type (g/lem?) Absorption(%) passing(%) modulus percentage(%) clay mass(%) Stabilty (%)
Sand 259 1.31 1.18 292 58.92 - 5.6
Table 4. Properties of waste expanded polystyrene and expanded polystyrene
. 3 o Water absorption Thermal conductivity : :
Type Density(g/cm®) Absolute volume(%) ratio(%) (keal/mhC) Particle size(mm)
Waste exparied polystyrene 0.033 03 1292 Not measurable 05~5
Expanded polystyrene _
beads (EPB) 0.018 64.46 about 0 0.03 2~4
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Characteristic of Light Weight Mortar using Waste Expanded Polystyrene and Expanded Polystyrene Beads
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Figure 4. Manufacture process of lightweight mortar
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(@) Original (b) Image processing result

Figure 5. Particle distribution area test
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Table 5. Experiment results

Compressive strength(MPa)

Flexural strength(MPa)

Water absorption Thermal Conductivity

[tem Unit Weight(kg/m?®)

ratio(%) (kcal/mhC)
3D 7D 28D 3D 7D 28D
EOWO 2,145 10.2 175 22.2 1.9 59 76 2.28 1.45
EOW100 1,725 57 7.7 7.8 1.9 25 25 3.85 0.30
E25W75 1,589 44 58 55 1.9 1.9 1.8 3.44 0.37
E50W50 1,538 46 44 48 14 1.4 1.7 2.56 0.32
E75W25 1,415 34 47 38 1.2 1.8 1.5 2.28 0.21
E100W0 1,331 2.3 32 5.1 1.1 1.3 1.1 1.26 0.20
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Characteristic of Light Weight Mortar using Waste Expanded Polystyrene and Expanded Polystyrene Beads
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Figure 9. Compressive strength and flexural strength

40 2.0
This stud -
35 15
. Unitweight 16
30 T —&—Thermal conductivity ;
25 '<>“‘-,/\ 5
S .. -
Z20 ¢ , \ 10
215 \ 08
z ¥r 0.6
L0 -
) Hf{ ) o
0s . = =
0.0 TR U i A B 0.0
2 5L pog @22 weg g g @
PE x5 5 FEEESZE 2B
L Ee FE g E TRE E B a3
E - I
B E E 2
Figure 11. Thermal conductivity
=] o;] = = S =]
gato] Tado] I A= 285t

7l 73Rk Teket
7] Halirt= 7S] oigh Hito] ZtjojAok 3 Ao
= ket
gz=
FZA 24 WEP 9 EPBE -85t 4 HEEIE]
3= Figure 80 UeRd Hlel o] WEPS] £3HH]&0]
7R = 7181, #H71=%] WEPE 100%
ARG EOW1009] 289 ¥74%=+= EPB 100% AMg3t
E100WO0x} HlasljA] 127% w2 A 0= Yepitt, WEPS
100% AME3E A@AS] 73$- EPBE 100% AMERE AR}
H| sl UE57E= 52.9% 57 1R i ke 127%=
37 Z718I%AC), o= EPB7F UAJSH Afo]z=o] HYw ok
T2 FAlo= o]Fofzl WhH WEPE 0.5~5mm Afe]2]
CHOFRE Afo] 28] ARt FejEA wiEHA oA Af-
2ol 7HeEAE YERSY] o= Al
olgfgt Ail= 2 w=tollN B2 A HEEEY

w
w
-|-'OJ\.lu

e

=

Thermal conductivity fkea;/mh%Z)

398

50
—i- - EOWC  —B— E100WO
20 || ETSW25  —a— ESOWS0
- @ —E35W75 —E—EOW100

er absarption ratiof%)

Wiiat

30

Figure 10. Water absorption ratio

Shn's Eq.

y=0.5634x-0.8661x+0.4294

-
-

- st N
= Hamada(iEM)'sEq.

V=0.24%2-02%40.22

-
-

——
—_—

Thermal conductivity (keal fmh™C)

©Thisstudy
| I | I L

16 18 20

]
b

Unit weight(t/m?®)

Figure 12. Unit weight and thermal conductivity

S Bk Y7t foke] TAIE UERAL Q)
ACI-318(1995) A|oFAx} H|wSt Figure 904 Heks}
Al & 4= Qlek ACI-318(1995)9] 7] AtollA] Alkgh
TAES] Y57l DAY A= oFe 4] (2)
Zri6

fr K

o

d; =0.62 §os

o714, o0& B E=(MPa) ©|iL o
o|t},

H =5o|xe] WEP W EPBE ARSSH A5 H2EL=9]
e gut Za2|E9) vlwsle] FAT EAwolA
=2 dFe dERa A,



LrehdcH4], 5
She AR AREAL Rl
BgEA=A WEP 9 EPBE 283t A ZEr=9)
e Figure 100]] ERA vle} o] WEPS] EghlE:
o] 7R e S/ W lE WEPE 100%
ARERE BOW1002] F4=&-2 EPBE 100% ARESE E100WO
I} wlasia] 300% w2 22 Ueldth ok= EPBZF it
A TAet 2l vilRt o] gl SRR B2 =
0%<} Blarsto] oF 124l 1], webd WEPY| vjsf 3+
£0] Wal, FPBO vl&o| ool Fif HEE=e] F
&0 A e Zle= AlmE
dEEA=A WEP B EPBE 2-83t % H=E= e}
Z WEPZ} 50%, 75%, 100% <31 7= HEE=29] S
L 2.56~3.85%=A HAHEAE AMESIA] &2 EOWO
o] 2.28%t Blusto] 12% ol Al e, 2=
WEPS] Hl&0] 50%0°131=2 {1431l EPB2| Hl&o] 75%,
100% E9b 78% BEEE| Fea 1.26~2.58%=A]
B ZAE ARESIA] 9= EOW09 2,28%2} H]alsto] X
o 80% oV WA LERAT.

3.5 UMEE

AerEA =4 WEP Y EPBES 283t 73 B 2El=29)
HH =52 Figure 110 VR Hle} Zo] WEPS] S|
0] T7REE dAEg2 Skl H7lE WEPS
100% AMESE EOW1002] G- =82 EPBE 100% ARE3t
E100W0x} BlaLsiA] 50% =2 A o= YERsit,

2 =RolA AR EE|AEEl EPBY =&
0.03kcal/mhC o2 epton WEPE: Q39| L moFo
2 2371 EPBe} th=A| Eqf2leh 40t dgekA] o2 ot
A71E VERYAL Qlo] ARl GHEE-S S35k Kot

ek, et WEP % EPBS 283 4% meelze] d
& 377 WEPS vhgo) ZH51L RPBE) Hlgo] 27}

PHE GHERLS 7SN 2 &
o] Qaiwgo| EPBHT} 7] t]Eo] WEPH|2] thil&o]
£ o8 HupmErlEe] GHER] ol Aoz BrE
o

399

HBTop BECenter OBottom

[
i

Particle distribution (%)

[ —

.............

Figure 13. Segregation resistance

2 =o|AS] WEPSL EPBE AMERE A 2EE G4
T& 24 Aue 71E USR] HEE vlasto]
Figure 110 YeR{SIC) £ =Follx]e] e =el2 I
T8 0.20~0,37kal/mhC2 ALC 0.11kal/mhC, &}
o] E(perlite, 219N ®2EF2 0,18kal/mhT, |72}
o|E(vermiculite, 214]) R ZELZ 0,17kal/mhC2} H]aL

510] tha 52 £ES Kol glom Tl AdYE =

Uehdth &3t 7| dxEe e Z32E (EPS
Concrte)@t ¥ sl Hw=g3} T84 ATk FARH]
et Aog sigkgc

W =Ro] thel e xdem) AHEgIte] WA 7|1E
A} v|wslo] Figure 120 UERSIE) 7|12 WrZe)
2EJd HRHEAE AR A AolA HHEES TS
2] Aol vl AR Hatskal Q5] 2 =
o] A= 7|2 A-aiel vwste] S weled
oA QH=go] Aroz @ Yepton, 7=
Hamada®] 2315 = Ahne| Aol Az o2 {Aks}
Al YR,

3.6 MzEa M

ZE|AEHS AR REERE 9 FHRES] A9 TR
A ze} vlusto] oA om mie- 2k UwEghkS VRl
7] o]l Skt ] o2 Aol el whE AfE
2] 7Fs/do] oA Hrt, webA 2 =Folli= st
T ARAE dsto] Uikol Sli= WEP 2 EPB9| SJAt
XS Agsleto] Auid] f5E SRlstast sieich

WEP ¥ EPBE 2-83t 75 HEEl29] W ZajA ezl
HAEL AZATNE Table 6, Y 3HIA 2 Z1E Table



Characteristic of Light Weight Mortar using Waste Expanded Polystyrene and Expanded Polystyrene Beads

Table 6. Segregation resistance result

Polystyrene(%)

Particle distribution area(%)

ltem Expanded polystyrene Waste Expanded Total(%)
beads(EPB) Polystyrene(WEP) Top Center Bottom
EOW100 0 100 6.5 6.2 6.6 19.3
E25W75 25 75 74 85 9.0 25.0
E50W50 50 50 10.9 9.8 1.1 31.8
E75W25 75 25 12.6 12.6 12.9 38.0
E100W0 100 0 14.0 12.9 13.6 40.4
Table 7. Image processing
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