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Mechanical Properties of Lightweight Foamed
Concrete Using Polymer Foam Agent
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Abstract

The objective of this study is to obtain the mechanical characteristics of
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expand its structural use.

foamed concrete with different foam sizes.

Keywords : mechanical characteristics,

lightweight foamed concrete using the polymer foam agent which has high lightness.
flowability and strength. For this purpose. the prefoarmed lightweight foamed concrete
which was developed to have flow value over 180mm, unit weight between 0.38t/nr and
0.64t/nv, and compressive strength about 30ks/em” was used. This paper presents extensive
test data on Young's modulus. Poisson’s ratio, stress-strain curve, the characteristics of
strength of the foamed concrete and also presents the mechanical characteristics of the
It is expected that this study provides an
importance guide to design and manufacture lightweight foam concrete, so that it helps to

lightweight foamed concrete, polymer foam
agent, unit weight, foam size, strength characteristics, stress—strain curve.
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Table 1 Types and numbers of specimen

types test number

 compressive strength
. * Poisson’s ratio h
@10x20 . , 744
* Young s modulus

- tensile strength

OxbHx5 « compressive strength 132

Ax4x16 * flexural strength 306

10 10x 10 e unit weight 73
) 2hA Al st o

Table 2 Mixing design

S Foam (kg)
styro 0,
Cl WS foam | 03M T | kg | p
(ke) | FA | (kard] (k) “‘()) agent| W [(t/n) )
(ko) ke

3200 0 1160 0 0 074 (3256 038 6910.72

3800 0 |190] O 0 1069 (3040052 1541065

4601 0 {2301 0 0 10.63 {27.521 0.63|31.6]0.59

52010 0 1260 O 0 J0.58 2535 0.75]39.2 ] 0.51

3200 0 [160] 0 |10.71]0.37 [16.28/ 0.38 | 7.5]0.72

38010 0 190} O | 999 0.35115.200 0.52 1 20.0]0.63

460 0 [230] O | 9.05]0.31|13.76) 0.57 | 27.4]0.60

5200 0 12601 O | 8234(0.29112.68] 0.63 | 31.3|0.55

Ll |1 |l |Leite | —

3200 0 1601 0 2141 O 0 10531129064

3801 0 [190] 0 |19.99] 0O 0 1056]207)0.64
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SE Foam (kg) \ SF Foam (kg)

\\ cl+|lwis ?(yro T 5. (‘;»:/ o \ cl+lwls .:"L?/ro v . (t:k/ .
tke) | Fal k)| (ke ?l::;l agent| Wi (/) m:f) \ (k) | F'A | (ki) | (kg) ?l::;r)n agent] Wi {(t/om) u:;

(ki) (kg) \ (kg) (kg
117460 0 [230] 0 {18107 0 | 0 [06426 |o57 50 [2401160[180| 0 | O 10.77137.78| 0.41| 4.3|070
250|020 o |e67] 0 | 0 |077]258]056 60 {200|200[180) 0 | o 0773751 048] 61065
13[30] 0 [wol o] 500f053[2272(041] &81]0.7 61 [360| 40(200f 0 1638|020 9.82] 0.38| 85070
14(380] 0 [190] 0 | 475|049 (2121 0.42] 98|07 62 320 soj200] 0 [16.211020] 9.73]0.39] 9.310.70
15 [460] 0 1230] o | 431[045 19211 055 | 366 | 0.65 63 {2601 120[200] 0 [16.1010.201 9.66/0.45[ 134 [0.65
1652010 0 |200] 0| 397|041 17.70{ 084 | 47 |0.56 64 | 240|160[200] 0 [15.96(0.20] 9.57| 0.48 | 109 | 0.64
171 320] 0 [1eo] o trisstozs! 74/ 0.44] 143|069 65 1200 (20002000 0 [1582|020 | 9501 048] 11.0}0.60
18 13%] 0 [190] 0 {11.00]021] 9.09] 049 168]0.69 6 13601 40(200] 0 111.69]0.33[16.37] 0.43 | 10.1|0.70
1w laen] 0 (230 0 [1005]019] 8231035 ] 262|061 67 1320 sol200] 0 [1150]033116.22( 0451 89070
20501 0 |260] 0 9968]018] 759 065|234 0.56 a3 [osol120l200] o [1152]033f16.12] 0451 111066
2 1460] 0 1278 0] 0 05812549 06112201055 69 | 2401160(200] 0 |11.41]0.33]15.97)047]10.7 | 0.64
20| 0 2761 0 | 8381020 [12.74] 057 | 146 | 0.54 70 [20020(200] 0 [11.31]03211583| 046 72]064
Brae| o |2me]l 0 18760 0 | 0 |055| 108|056 7113650 0 1831365/ 14.18| 0.15 | 7.35] 0.64] 7.2]0.60
o4 [460] 0 |184] 01 0 |0681]2955 056]11.9]0.65 72 |410] 0 [205/410]12.28] 015 7.35] 078 | 17.0] 056
95 4680] 0 1184] 0 | 9.72]0.34 14.77) 062132 | 0.60 731315 0 [158]630] 11.90{0.15 | 7.35] 0.84 | 100|057
%4607 0 [184] 0 (1943 0 | 0 |053]187 o@a o AAE 3 BEsted 987k 20-+00e] B e
21o0] 0 112511250 0 1075 132.10] 0531126 | 0.66 SolA ol S ANl
Zlaol 0 11501150 0 (070 [30.74] 055 | 13.3] 067 oM TEFE ST AT,
230l o 1s|175] o oes|esslo0ss] 71078 o17]4 C :unit cement weight, P:71¥&
304000 0 [200{200] 0 | 0.60 [26.29] 080 | 286 | 0.56 SF : silica-fume, FA : fly-ash
3102000 0 [100/2001 0 |0.77 [33.50] 051 | 28]068 s el en o o
2150l 0 1125]250] 0 1071|3085 060 | 59]062 Wi SNE, yo, A F
B30 ¢ 15013000 o loealze20]081] 94 om
g0l ¢ Dimslss0] o [oss|asssl o9l 31805 2.2 Ay gy
Hlwol ¢ |00 o Josolsess|ode] o (073
w2000 ¢ [wol2esl o 10.73131.80[ 0541 32| 068 . . .
grloso] o T1osis00] 0 10669873 0.79] 5.3]0.58 Aol FANYE Fig. 13 2o
3 |ao] o wolsms] o (0592665 093] 107] 056 [pecimen manainciaring |
0 495] 0 [248] 0 [156 015 7.35 052]17.3 | 0.67
A0 (450 4512481 O 156 [0.16 ] 7.351 059 | 21.7 | 0.62 | test of fresh concrete }'*l-unit volume weight
artsw] o 200l 0 113167015 735061 | 125 [ 0.61
42058 52200] 0 113.16]0.15 | 7.35| 075 | 28.6 | 0.55 tost of hardened  compressive strength
a3 ]t] 19l1w0] o | o [os9lv02loaz] 13 oss concrete 7| stressTstrain curve

- - - Young's modulus
4 [32] 5810l 0] 0 (0682064 055] 68063 Poisson’s ratio
A5 13231 KT 190 O G 1087 129.96| 0551 3.31060 - flexural, tensile strength
46 1304] 78/1900 0] 0 0662888 0.44]176] 062 ;
A7 1361 19]1900 O | 987(0.34 [15.01] 0.50| 29.6 | 0.65 I analysis of test results !
48 132] s8i190] o | 975034 14820052 ] 167063 | :
49 | 33| /711900 0 | 962]03311463] 05512091062 | conclusion |
503 | T 1901 0 1 9501043 [14.44] 052 | 182 ] 0.61 Fig. 1 Procedure of the test
st 91w o [1974] 0 | o |odnl133]070 _ .
w2 312] 38190 0 [1949] 0 | 0 |048] 147 | 0.69 3. dE7|ZEHe|EL HEY &Y
53 [323] 570190 0 (1924 o | 0 lo044] 75068
541304t {190 0 (1880 0 | 0 047! 94|066 3.1 ASUE
55 1a0] 0 [180] 01 o Jo7913886/ 0381 11.9]069
561360 4011801 0 | 0 079 (3858 046 | 114 0.69 )
57130 200180 0| 0 0783832 044] 52068 3.1.1 S9AA T} tgdmstel @A
5920112001800 0 1 0 |0.78(38.05] 0.2 3.110.70 EAPMER] (W/C) 7] 0.50] 51 R AHER](S/C)
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Table 2 Comp. strength and pore ratio by unit weight

unit weight compressive .
(t/m?) strength (ke/eme) pore ratio
0.38 7 0.72
0.44 18 0.65
(.50 21 0.62
0.55 37 .59
(1.6 A7 0.56
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Table & Poisson’s ratio

types Poisson’s ratio
) , lightweight foamed concrete 0.15-0.25
Table 4 Compressive strength and Young's modulus
normal concrete 01602

unit we‘ight compressive Young's modulus ALC 0.17~0.20
(t/m) strength (ke/em’) (> 10'kg/cem’)
0.39 738 0.4 AXTHO| K24
0.49 154 08 34 Zael3sx
0.55 36.6 1.6
0.6 47.0 2.3 o2l i BAlmMER] 7F 0.5 10X 20em Y&

Fig. 6 4371 £ 2229 ShASE el 2
Foa QA Esbe] 2o BAS Hstol el
A g HEAEe F 0% Vo)l e
% vhep Zloleh 1AM AT} 4 38 Ak

E=6326 Y Vo a (3)

a7]1A E : Young's modulus (kg/cm’)
correlation : 0.93

Zae|e8EX| M 93 1% 1997. 2

GAJHE o] gato] KSF 2423 (38| 1%
Aghell tAskel 2R MRS ST
el Al ee] wel A el 0.38~0.75/n
eIl A AR EE 1.4~8 Tke /em’e] ATt
Fig. T2 sh57dmsh 2l ddiee] e vehd

Ao HEEasiEe] Ag grEdee] g 2249)
Aadwe] w7k 0.08~0.11 Aol vt 7|3
ool B¢ bl e 2Rl dne] Bzt
02~045A deiiH o Bgsae gy vl £

Ao et

177



SPUITIING TENSILE STRENGTH (Kg/cm?)

10 20 30 240
COMPRESSIVE STRENGTH (Kg/cm?®)

Fig. 7 Relation between compressive strength and spilit
tensile strength

Fig. 7o vehd 4570wt 208709 3
HEABA L2 4 49 2},

A7|A o, 1 ZAAPE (ke/em’)

correlation : 0.9
356 HZxL

£ AFoM e EAMEYZE 0.591 4x4 X 16em]
HAIHE o] &3led KSF 2407 (E3aEe 7=
Aldub)oll 2As 3FEASHoE FPREA
< AAET A EEIEEY s v
A2 F o)) whe} 3~ 1dkg/em’e] Mol a1, RES
A EY 4E5% = ol FUEHE= 0.14~02 3

FLEXURAL STRENGTH (Kg/cm?’)

10 20 30 ., 40
COMPRESSIVE STRENGTH (Kg/em?)

Fi

g. 8 Relation between compressive strength and
flexural strength

178

TolAul AT EAREE 0.3~0628 HE
AN EEY tE 5 dig §4xe vyl 5o
A& 7M1 k. Fig. 8 &7t #7459
HAE BA17 Aol

Fig. 89 Yehd A3 E2aEee] 43759}
FAEete] B HELBA 2L 4 59 2o}

ox Jm |

0,=1.74Voa (5)

oA7\M 6, FAE (ke/ow)
correlation : 0.9

3.6 cHelAIxizY

Fig. 9o VEhd A3} o] 24 ghe =awjE
SdeARFE A AvA A EdRE Ao} 43
QWAL o)L Yee % 5 vl o WA

A LA he 45 Ak,

7 con =7 e —0.131 (6)

A7|A ¥ e : fresh concreted 99152 (t/m)
correlation : 0.99

CONCRETE DENSITY {t/m®)

0.0 0.5 10 1.5 20 2.3

FRESH CONCRETE DENSITY (t/m?)

Fig. 9 Relation between fresh concrete density and
hardened concrete density

3.7 Z¥7|zE232|EL| 7|ZEN

A\ FEAE] 7| L7} AEZ7)o) dak
& Xt dgoeg A lov dukde

ZA2ESSX| M 9 3 12 1997. 2



AP\ EEA B FEEAE 24 (matrix) 7} ©
Beol et vlEgRre] WA

ARE #o] nE fgo
AgEolxia glok B 71¥E Z1EAVIE F AA
Z1Ee} 2he pAIER A, AR ERE
image®A& i"é”ﬂ 511- dekal MAIZIE BEE P
Fiubdel ola) HP¥y 0 & Aella e 7 2E
°] 0.76, 0.72, ()‘69, 0.65, 0.61, 0.59. 0.58. 0.51°]
T, 2 RES EFSH] &L dAe] 10x 10emS]

870 Ale] FARE dkdAntle] image®A S &
Aate] A7 LA E AAZ| RS Htar] ek §

FE 2519t WA EA7) 250~460um M
o At th Table 6 #4715 viepict,

Table 6 Pore ratio

pore mean pore | unit welght | compressive
ratio size(pm) (/") strength (ke/om’)

1 0.76 454 (.37 6.9

2 0.72 436 (.39 9.4

3 0.69 428 043 14.5

! 0.65 342 (.52 154

1) 0.61 311 (.53 239

6 0.59 985 058 26.4

T .58 203 0.63 31.6

8 .51 2560 070 392
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