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Fig. 1. Fine sand used in concrete mix
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Fig. 3. (a) Raw expandable polystyrene and (b) prepared EPS
beads
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Fig. 2. Percentage remained on each sieve for the sand.
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Lubricant Percentage Spread Height Reduction

(mm) (mm)
BCBI16 0.5 107.9 9.25
BCB16 0.8 102.8 9.55
BCB16 1.6 105.6 9.70
BCBI16 2.0 104.8 16.00
BC20 0.3 104.8 9.65
BC20 0.8 105.5 8.75
BC20 1.2 106.5 13.50
BC20 1.4 294.4 62.00
BC23 0.2 105.6 9.05
BC23 04 103.6 10.15
BC23 0.6 108.0 16.00
BC23 0.8 274.1 60.30

Table 2. The effect of investigated lubricants on slump
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Fig. 4. Cubic sample in uniaxial compressive test to
determine concrete mix design
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Fig. 9. Test setup: (a) uniaxial compression, (b) tensile
splitting

(N

Sgmoniz gwloiT F-0-¥
ol Lo O plinl b sladils (sl o1 (g gmetir iulesl
Vor Ll b i L) JSE Saa Jshe v
Gy il L bl (s sl SIS
Sl s 55,8 oo 13 S e ok 51 s (slil gl
sy dsbe 5 o Lt o oate Sk S ey
Db S o )05 5L2d 3,8 e 13 0T Jols wses 5 3
Jlsl sy (1) JS2 s UTM olSos 15 55 Sen
2agn o3la 15 B gy

O3 o ey Shlasl o 50 0 bslss o b s Sl
Ol L3 3 5y slazyssome s 4 (roeas ool a8 8
SNee 5oL ledlcial g5yl F B 05T s 4
35 Jlesl €500 5 ol LS Al 6 oy s
L (S35 e ol Sl Bl 55 3T J sk s
Kgas 53 U apd oo Jlesl G500 UTM olSaws laws g5 (36
Al Bl el

Gl sl el sl e slagles
Lpdie 3ols baaised 5 Sl labslse - b () 5ma SO
CJL@L;A&;»,L&M);M Jalrs (golid Tl &8 oy om s
DL Sl 5s Dolae (Glr LS e 5 gl disad b sl
s ol el ot Jes! (e €300 1 ol g0 il
255 el bylss 2 b ja (s 65030 5

B bo3T plit 0-¥
Sl hsbo3T V-0-¥
S o el UTM olaus baw g5 (g5Lid slaiulasl ales
el ol planil /F mMm/min IS SL s e b plo
GV BB L iS5 gl (g Ll e oK
sl wgai 1y adds o taioe WA B0/ s b
G aS ol ol 5 VL 3 B s gl S o S
el Sl s G5 S e VL

Lol ol eSS 5 Cgmd e 53 SISl sl
Cooslie 0355 355 5 s Jous Olen 53 (S sames sl
Sl gl Gl o3 od e il Sl sdslcaesy
o=l 5 Vb 53 PTFE 0 les slai,s 5l ossie Sl
Sl Gopomsl Gl pemer S eslitl ek gl
bt sad 55 55 s (65,5 Jrmte L o8aSS 5l oz
Slp ML 5l S lalmal o ases s esland
b olSasS 3l eslital s og3le 03 e sy S (5,5 5l
S s Ml o 8 S L &l (ke 35l 5 (658 Jrake
3305 G50 Ol e 5035 3505 4505 olSaans Jaw 5 S|
NS Jrate L olBasS (g5, €505 02130IS Sl eslizal L 1,
Ol S5 a8 55 go el aalsl gl G158 cnlio 2o o
Wyad 5 AL @l Sy Aged 055 ralr b 0 Al
s G eslel (L) IS ollas

S alo3TY—o-¥
hin ol Sl e pad 228 Canglie 03551 G 4 gl 2
Copo w (m4) las bk yas b3l opl s s esliz
o god bl b conlize &5 bl o gumsen olKiws 3 bl
g &l s S e S el sl el b
3 S Gl il S s pk e 3)ls ksl (53500
sdzplail +/0 % Gl s b s UTM ois bow 5
535S a3 pde 5 S s ey 5 (5SSl sl o
A eslinal e (6108 L e 3 pdiillanil 5 SHU O e

1. Polytetrafluoroethylene



Ve Jle /A °JL°’:‘/f.9°J¢~*.“. 09

oo Ol e g pipgh — oode dlome

4 CwSS g ol s 4l SRl bdils e s alols
S AS Wy Gy Faas 5 3l oS S 5 sl Coann
JSE 10] 552 o g 0311 3l sy s} ol Juls
s e Ol sl Gaiss gl ialesl 3 1y el ol (OY)
Cel EPS (gladls as s 21580 (V) Ko Gillae piomen
3 e 5 Gree Sl S S 5 Al 5l el S s s e
5 U e Ol el 5 b e S s Sl

ASL Al i s I

53 ulid sl sed s S 55l BPS (lawls s 56 AY S

E10D1 E10D2
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Fig. 13. Effect of porosity on failure pattern in samples under
uniaxial compression
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Fig. 11. Effect of EPS beads size on compressive strength
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Fig. 14. EPS beads size effect on tensile strength
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Abstract

Concrete as the most widely used building material suffers from the inherent weakness of having high density
which results in heavy structures and consequently large inertia forces during seismic excitations. A common
practice to reduce the density of normal-weight concrete is to partially replace sand and gravel with natural or
synthetic light-weight particles. Among them, ultra-lightweight non-absorbent closed-cell expanded
polystyrene (EPS) beads can be effectively used to produce a wide range of light-weight structural and non-
structural concretes with appealing physical and mechanical properties. Many empirical researches have been
already conducted to reveal the key properties of this class of material such as the tensile and compressive
strengths, sound and heat isolations, and durability. New findings show that, in addition to the volume content
of EPS beads, the bead size can significantly alter the strength of concrete samples. To be more precise, the
bigger the size of EPS beads, the lower the strength of concrete at a constant EPS volume content. Moreover,
the existing studies have shown that this size effect fades at higher EPS volumes. An overview of the literature
reveals that the effect of EPS bead size and volume content have not been addressed under triaxial loading
conditions. Therefore, in this study, twelve different concrete mixes that differ in terms of EPS bead diameter
and volume content have been prepared and tested under uniaxial compression, splitting tension, and triaxial
loading conditions. Three different EPS sizes (2.25 mm, 2.75 mm, and 3.25 mm), and four EPS volume
contents of 0% (witness samples), 5%, 10% and 20% are considered. The constituent materials of tested
concrete samples are water, cement, river sand, superplasticizer, and EPS beads. The ratio of sand and water
to cement is 2 and 0.55, respectively. The BCB23 superplasticizer is used whose weight content is 0.6% of
that of the cement. Samples are all cylinders with 5 cm in diameter and 10 cm in height and are treated in water
for 28 days. The results show that increasing the volume of EPS beads would reduce the compressive and
tensile strengths of concrete. Moreover, the results of uniaxial compressive tests show clear dependency to the
size of EPS beads which is consistent with the results reported by other researchers. Splitting tensile test results
are found different as the classical splitting mode of failure has changed to crushing mode beneath the narrow
linear loading region for higher EPS contents. This phenomenon cancelled the validity of splitting test for the
extraction of uniaxial tensile strength as the hypotheses of the elasticity solution for the Brazilian splitting test
is not valid anymore. The failure points at the compression meridian of failure surface have been measured
from the triaxial tests. The results confirm that confined strength of EPS concrete is also depends on the size
of EPS beads, yet this dependency fades at higher confining stresses. This observation can be interpreted by
the change of failure mechanism from local discrete cracking mode to distributed crushing mode which is also
the reason behind the fade of size dependency in uniaxial compressive test at higher EPS volume contents.

Keywords: Lightweight EPS concrete, Size effect, Compressive strength, Tensile strength, Multiaxial
strength, Failure surface, Compression meridian



