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An Experimental Study on the Mechanical Properties of High

Performance Lightweight Polymer Concrete

4 B g

Sung, Chan Yong

Summary

This study was performed to evaluate the mechanical properties of high performance
lightweight polymer concrete using fillers and synthetic lightweight coarse aggregate.
The following conclusions were drawn.

1. The unit weight of the G3, G4 and G5 concrete was 1.500t/m3, 1.506t/m?3 and 1.
535t/m3, respectively. Specially, the unit weights of those concrete were decreased 33~
35% than that of the normal cement concrete.

2. The highest strength was achieved by heavy calcium carbonate, it was increased 27
% by compressive, 95% by tensile and 195% by bending strength than that of the nor-
mal cement concrete, respectively.

3. The elastic modulus was in the range of 8.0 x10*~10.4 X 10*kg/cm?2, which was ap-
proximately 35~42% of that of the normal cement concrete. Normal cement concrete
was showed relatively higher elastic modulus.

4. The ultrasonic pulse velocity of fillers was in the range of 2,900m/sec, which was
showed about the same compared to that of the normal cement concrete. Heavy calcium
carbonate was showed higher pulse velocity.

5. The compressive, tensile, bending strength and ultrasonic pulse velocity were largely
showed with the increase of unit weight.
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Table-1. General properties of unsaturated
polyester resin used

Specific | Viscosily . Styrene .
Type gravity |[(25C, PS) i content(%) Acid value
Ortho 1.12 3.5 37.2 26.5
Lt s
AdEle B3 Zelolay 2= FsE

A7 H7t=Ee] e A9 HoAlA @2
A27F e, 2 AgdAs S3H7 A
Hel U= Aoz HEAT Hrtsld A2
oA FEH= AE AMESIH oW, 1 UREy
Ao Table—29} 7T},
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Table-2. General properties of hardner for REE AFEEHE HUY o] 8ml QFEHEF
unsaturated polyester resin used Aolm, HFA= 2 Z78AA A= A
Component Specéfzig%r)avity Activ(eoz})cygen 7o) 4.75mm ©] &k x}d e & Al gl
TEKPO 55 wg, T waEg I BHEL
pmp_ 45| P 109 0.1% o|at7 slojob B2 100C2Z 23

Az7A 2447 Azd F, FLolA
w3 4AAA Agsgion, AgH A
23 4L Table-33 2t}.

ct. =XY
Z2EAE dA UM BE A E A Z9

_&9 0{)1' i

Table-3. Physical properties of coarse and fine aggregate used

T —
Specif
e Size pemv e Absorption rate Fineness : Unit weight
Classification (mm) gravity (%) ‘ dul (t/m?)
mm o % modulus m
(20°C) ‘
. 1
Coarse Synthetic = _g 0.68 21 ‘ 5.60 | 0.386
aggregate lightweight .
Fine River sand = <4.75 263 | 007 | 2.96 1.55
aggregate ‘ ) ‘
2. ZXxY HFrgA BE¥sE= 2,500~3,000cm?/ge] W
A9 FQ AEEAF U Tl Qe glojot . FREFL 1%u|yvo)d]
glow, ol 2AYA Aol g AWskA AN o v
Fo] Hlwd 17l Egjnj9 AgHE &9 & Aol A FRAE EEXEHREA
e 598 71 et RIE, Sejo] of4l, YRS 374K0)0,
gy A JdHe Table-49) 7

<
2o)d Eololo} dv & 1
o} 9lx2] A7)= 1~30um .

Table-4. Chemical compesition and physical properties of fillers used

Type Portland Fly ash c}’ldlecail\ili/n
cement i J carbonate
Chemical ; Ca0 64.5 ) . | -
composition S10, 22.3 65.80 —
(%) CaCOs - — 100
Al O, 5.4 - ‘ -
Fe,0s 2.9 - —
MgO 1.6 — —
SO, 1.7 — —
Ig.loss 0.7 3.84 —
Specific gravity (20°C) 3.15 ! 2.20 281
Specific surface (Blain) (cm®/ g ) 3,140 3,126 —
Bulk density (g/cm®) 1.418 1.072 O.GE o
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7t 232|EnfE

e 3B e sigdAE tHAH
o7 fFUYE, A&7t EAt | dEE X
Hel 4wl & AAse Aol drbHelrt

5+0.1t/m30}3l, €Y LS 8+lemo] HY
7 HEE S9Y o ATAY A% WY
vl Table—5 2 Table—63} Zt}.

Table-5. Formulation of binder
(Unit © wt, ratio)
kind of polymer  Type @ Resin

hardner

Unsaturated 3
. Ortho \ 100 1

I
_____ ] I i

Table-6. Experimental design of high performance lightweight polymer concrete

(Unit : wt, %)
Aggregate Filler !
Treatment Binder Fine Coarse Cement Fly ash ~ Caleium - Total
_____ carbonate e
Gl 28.7 71.3 100
G2 18.1 65.6 16.3 100
G3 15.3 I 53.6 14.2 16.9 100
G4 152 | 55.2 13.8 158 | 100
G5 156 | 547 14.1 15.6 100

Lt SAIAH HIE W%
Zoju ZasEo A2 KSF 2419(FY
dzH 2 HX ZAYES] FEAIFE TAA

=
T, FF 60+£2%< AP HANA A°
AN A 71 ASF YA T}

e 2o AlPS KS9 BSol A %

ol Fote) AAjsilen, 3wE AP A
s HEEAXE sl

7b. 9 FEAIH S ¢150mn x 300mme] AlE

AE NG 2899 7IAEY FEH AHE

AAATAFE L $150mm x 300

me] A& AE A Rste] KS F 2481(Za] o
~H 2 83 Z2agES ¢EFE AFEEY)
KS F 2480(Zglo 282 #7 =2age
1T Al el A E whe uet
AAstgon, #EREAFELS 60mm < 60mn x
240mmo] A|EH 2 25l KS F 2482(Zg)
AHZ A ZaEL BFET AFEUY)
off 7AE Wl o8 Q@ Tl FAEA
=3

ok g Al AR e 799 $150mm x
300mm2l Al Ao AEHARE HAslo]
KS F 2438(2ze|E dFZAA 2 Gt
G 2 Eolgn] Algi el wAH Wy
el 23852 40%E vrERo R vl A
18 & = 2 FEH 2
A E (secant) Al 52 3R T}
gt 2SHIFEEAEL ANE 79 60m

m X 240mm) Al g A o] ol 9 99
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Table-7. Test results of unit weight

Unit weight
Treatment (t/m?)
G1 0.521
G2 1.346
G3 1.500
G4 1.506
G5 1.535
2.0
1.5 r

Unit weight (t/m?)

Gl G2 G3 G4 G5
Experimental design
Fig.1. Comparioson of unit weight betw-

een different experimental designs
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0.521t/m3, 2HAE ¥x ¥ G2= 1.346t/
m3og2 uvepdon, FHAYEE AHEH, B
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Eofo] f4lE W& Gis 1.506t/m3, FAg
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Table-8. Test results of compressive str-

ength
Compressive

Treatment strength
(kg/cn?)

Gl 29

G2 142

G3 231

G4 246

G5 ] 268
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Fig.2. C_omparioson of compressive stre-
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Table-9. Test results of tensile strength

S

Tensile
Treatment strength
(kg/cm?)
Gl 14
G2 37
G3 38
G4 38
L G5 3 41
50 -
|
a0t TR
30+ ' ' :

Tensile strength (kg/cm?)

G3 G4 G5
Experimental design
Fig.3. Comparioson of tensile strength b-
etween different experimental de-

signs

Table-9 ¢ Fig.3ellA 2= vlgigo] B E
AMEZI2ES] e 28U ARBE 21kg/

g 100% 2 & B9, N} *ﬂlxﬁé
¥ @#e Gle 66%, %Zd HE % 1 %
G2E 176% 2 Gl 34% 7431, G2e=



ERER TR gst H3TE §53-43% 19954 87

(-0

AR=E7} 27rE A
2 AWEHE, B
= 180%, Sgto
ZR A4S
195% 9} 7&5% UEP O 24, B
FYEY ZERT RE F
~95%0)AF =LA L}E}uonq
A7HA 2 G57F e EAEAE Yo
o A HoE ARFET} A e

W, G52l #EE 100%=2 & A%, Gl
34%, G2= 90%, G394 G4E= 92%9) 7
Yepd =), ool Glo] 4dulizoeg
7b ZA YehG Aot HZTANE
32 gkol W4 EFIYE WY
7t W Zolzt Az

ch. gZT

AFIFAE ALST Eeo ZagES %
T AlgZA}E vwsld Table-10 ¥ Fig4
9 2t}

of
>

A

AR =S
s

oo HI it rlo

Ne 2%

>
el

Hao
&3S

Table-10. Test results of bending strength

Bending
Treatment strength
(kg/cm?)
G1 19
G2 82
G3 92
G4 117
G5 124
140
120 FT
E 100
£ g
~=
& 60
s 2
3 40 i
ES] 20 X4 r"‘/
cé oLt s _J
G1

G3 G4

G2

Experimental design
Fig.4. Comparioson of tensile strength bet-
ween different experimental designs
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Table-11. Comparison of strength ratio

Treatment o/, O/ Gc 6/ oy

Gl 0.482 0.655 0.736

G2 0.260 0.577 0.451

G3 0.164 0.398 0.413

G4 0.154 0.475 0.324

GbH 0.152 0.462 0.330
ZEHE 98 4AE Fysted 2483
A F9] shvo|t}. o] Axjals HeF Z]o]

zazes 23409 A2AE ¥4 2L Gl
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At BAA S E ATe] ety RS Ul s
3, 2HYZ HEFEACAWES Yo - - o eEe =
G35 Soto] HAlE o GL g sagan D40 SHEAM AR waAs o
o o _ W AR WE o] Atk AL BTt
S Ye GhY Z #AEY g/c.= 0.152~0. -
1642 WOl 1L, gy/a= 0.398~0.475 9] 9% genl 2ARES SO Fel @
oltd, a/a=  0.330~0.4149) Eele], S‘; Ejir;@é;z _L;E;”Emmigz
Table-70] oj3}d %4 E 231~268kg/ o L oem TR EAT A
2, QAR E = 38~4lkg/em?, BAEE 92 FAS g6 2.
cme, RIEe T g (o]
~124kg/cm?o 24 2H |9 FF wet 2 Table-12. Test results of elastic modulus
Aol RHolx| gten, ZHebidgo] zb Treatment Elasticsmodulzus
AwilA AY 2§ debithE RS F4 - (x10 }fi/cm -
A deel o} Wle o AnHT ¥ 4 s s
At G3 104
3, HEAMEZIYEY Frv](6/0.= G4 80
0.076~0.1, 0v/0.=0.125~0.2)Bt}= =A G 87
Yebin, 2E8)(0/a=05) Rtk A 1 =10, 1
Ehgid, olel® Arhe A% BYe 2ad S — |
Eol URFET}F BE AT A = ‘ — |
22w AmER=yEe] 27un 4oE X 7] 1 1
oz A dehdthe ¢ 9 F 9 B 3 . f
olotzre HJde AN ZFenvt e 'é 10 E 1
558 B4 7108 AR Foe 22 g owf | 1 |
feo) FHyo] wEAvEzANET At} LY . A A1
L oAe 3del - Awen st o9 o o om e e
Experimental design
g A% Fon Z3EY FEE FYY Fig. 5. Comparioson of elastic modulus be-
AA Az HEgE o} A} MHEFX tween different experimental designs
PAEE UALSE & F UReH, HEAUMES 300
A Eo vis] ¢4EFF T F7EUE Aol
W #87we 2717 27 et FrEe & oo |
€8 e ugsiAl AEEs UE AeE B ‘
ghEnh o714 2EHoE Ushd AL G5, 2 e
G4, G3, G2, Gl&ow 4=, a4 9 d3c g 100
7} zA dehy 284 Aol £88 2EY} b f}//
5ok btk e, 88 we Al 5 oe—r
AgSE Ay W ol gatael dof D s

HE ge 137 AL Aok,

Fig.6. Stress-strain curves of lightweight
polymer concretes by type of filler
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Table- 13. Test results of ultrasonic pul-
se velocity

Ultrasonic pulse
Treatment velocity
(m/sec)
G1 1,848
G2 2,535
G3 2,904
G4 2,894
GbH 2,952
S 35
%
£ 30 o . —
> 2.5 i 2
2 20 .
g 15p -
2
5
RN ISR ) N S
G1 G2 G3 G4 G5
Experimental design
Fig.7. Comparioson of ultrasonic pulse

velocity between different exper-
imental designs
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