Journal of the Korea Concrete Institute
@ Vol. 24, No. 3, pp. 333~340, June, 2012
http://dx.doi.org/10.4334/JKC1.2012.24.3.333

=M 232 EQ HFZ 0l chet AIEA| 7|5terE Sdo| g

Influence of Specimen Geometries on the Compressive Strength of
Lightweight Aggregate Concrete

Jae-Il Sim"” and Keun-Hyeok Yang"
"Dept. of Architectural Engineering, Kyonggi University, Suwon 443-760, Korea

ABSTRACT The current study prepared 9 laboratorial concrete mixes and 3 ready-mixed concrete batches to examine the size
and shape effects in compression failure of lightweight aggregate concrete (LWC). The concrete mixes were classified into three
groups: normal-weight, all-lightweight and sand-lightweight concrete groups. For each concrete mix, the aspect ratio of circular
or square specimens was 1.0 and 2.0. The lateral dimension of specimens varied between 50 and 150 mm for each laboratorial con-
crete mix, whereas it ranged from 50 to 400 mm with an incremental variation of 50 mm for each ready-mixed concrete batch. Test
observations revealed that the crack propagation and width of the localized failure zone developed in lightweight concrete spec-
imens were considerably different than those of normal-weight concrete (NWC). In LWC specimens, the cracks mainly passed
through the coarse aggregate particles and the crack distribution performance was very poor. As a result, a stronger size effect was
developed in LWC than in NWC. Especially, this trend was more notable in specimens with aspect ratio of 2.0 than in specimens
with that of 1.0. The prediction model derived by Kim et al. overestimated the size effect of LWC when lateral dimension of spec-
imen is above 150 mm. On the other hand, the modification factors specified in ASTM and CEB-FIP provisions, which are used
to compensate for the shape effect of specimen on compressive strength, were still conservative in LWC.
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Table 1 Detail of concrete mixes
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S8AFTHFE 55%E AFHNCH, AARY AeE
< AA dzAEH o e vEZ XAt Table 1

24 o

B Al FReg pAEH, 3 HA
TAE FAEY] FREN L AFTA ZIAZE
g, ‘N2 BE55% ZIAYEE YeRth F HAe} A
WA 2t 217 EAMEN] o AR XH&S o
el o & S9] “A30-0"2 HARY XL 0%O]
H E-AIRE H|7F 30%%1 A FEA FAYUEE ov|gh
o} Z3gES] FRE /AT H(p)S 7IFSE ACT
21300 wheh v zFe] FEE AT
- A7 F3 8] E(all-lightweight concrete, ALWC)
: p.> 1,700 kg/m’

- R % F 3¢ E(sand-lightweight concrete, SLWC)
: 1,700 kg/m’ < p, < 2,000 kg/m’

- REZF F32]E(normal-weight concrete, NWC)
: 2,240 kg/m’ < p, < 2,480 kg/m’

T E Wi Table 1] “eRd npe} 2ol Auuy
S(part 1) Sl TH(part 2)02 o] WPt Part
1> APANA 3007 &7 A4 =A 7] (forced mixing
type mixer)& ©|-&3te] v E A, Part 1914 = 457
To} AHgEA FTAYEL TR e Foure 9
< Hrtshr] S8 EAHMEN(w/C)et FARe X 3He
R)Z 243t 9 wige Aol MYt Part 2=
du|Z g mlXZME (batch plant)E ©]-&-3}]
YTt Part 20| E2ATE £Ho| @& Faw
T FFE Hrtehr] S8l AAF 2 R A" F2E
E9l REFE FAYEZL wigEH AT Al s
A E FYEIA FAuANE, A= Al

Part Specimen wiC R, Unit volume weight (kg/m3) fou Pe 3
(%) (%) W C F, F, G, G, (MPa) | (kg/m’)

L30-0 0 334 - 46.2 1,691

L30-50 30 50 667 167 311 43.7 1,768
L30-100 100 - 622 40.4 1,850

L35-0 0 373 - 40.5 1,578

1 L35-50 35 50 200 571 187 348 401 - 37.3 1,684
L35-100 100 - 695 342 1,783

L40-0 0 403 - 35.6 1,552

L40-50 40 50 500 201 375 33.5 1,662
L40-100 100 - 750 304 1,716

L43-0 43 0 465 417 - 401 ) 394 1,661

2 L47-100 47 100 200 426 - 866 37.8 1,920
N55-100 55 100 364 - 862 - 935 35.5 2,314

Note) W, C, F, F, G; and G, refer to water, ordinary portland cement, light-weight fine aggregate, natural sand and lightweight coarse
aggregate, and crushed gravel respectively. R, is the replacement level of natural sand to total fine aggregate by volume. f;,, is concrete
compressive strength measured from a cylinder with 150 mm diameter and 300 mm height, and p,. is unit weight of hardened concrete.
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Table 2 The range of specimen geometries )’ &
| N
N .. . il i
Section | " Lateral dimension of specimen, d (mm) 2 ' ! ?%j/»
(hld) ) I 7
1.0 : o o
Circle Part 1100, 150 a b. ¢ a b. c

2.0 |Part 2 : 50, 100, 150, 250, 300, 335, 380

1.0 |Part 1 : 50, 100, 150

2.0 |Part 2 :50, 100, 150, 250, 300, 350, 400 Fig. 1 Typical crack propagation and failure modes of spec-
Note) nl is aspect ratio of specimen imens

a = initial crack, b = maximum stress, ¢ = failure

Square

Table 3 Physical properties of aggregates used

Type Goax (mm) Density A (%) FM v, (%) o, (kg/m’)
Light-weight Coarse 19 1.21 18.96 6.6 28 729
aggregate Fine 4 1.30 13.68 43 38 800
Normal-weight Crushed gravel 19 2.65 0.62 6.6 46 1,700
aggregate Natural sand 5 2.6 1.85 3.3 43 1,750

Note) G, is maximum size of aggregate, A is water absorption of aggregate, FM is fineness modulus of aggregate, v, is porosity and

o, is unit weight of aggregate
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(a) ALWC

Fig. 2 Crack profiles around aggregate particles along failure plane
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Table 4 Summary of test results

Aspect ratio, 4,
. . 1 2
Part Specimen Section - - - -
Lateral dimension, d (mm) Lateral dimension, d (mm)
50 100 150 50 100 150
Circular - 1.09 1.05 - 1.05 1.00
L30-0
Square 1.29 0.97 0.99 1.19 0.96 1.00
Circular - 1.03 0.99 - 1.02 1.00
L30-50
Square 1.34 1.00 1.02 1.24 1.01 1.00
Circular - 1.06 1.04 - 1.01 1.00
L30-100
Square 1.30 1.03 1.01 1.23 0.98 1.00
Circular - 1.11 1.01 - 1.04 1.00
L35-0
Square 1.20 0.92 0.94 1.15 0.96 1.00
Circular - 1.10 1.01 - 1.05 1.00
I L35-50
Square 1.20 0.90 0.96 1.18 0.99 1.00
Circular - 1.10 1.07 - 1.02 1.00
L35-100
Square 1.24 1.06 0.93 1.19 0.91 1.00
Circular - 1.07 1.03 - 1.05 1.00
L40-0
Square 1.23 1.01 1.00 1.14 0.98 1.00
Circular - 1.13 1.09 - 1.03 1.00
L40-50
Square 1.24 0.91 0.98 1.17 0.97 1.00
Circular - 1.08 1.07 - 0.99 1.00
L40-100
Square 1.27 1.05 1.03 1.16 0.99 1.00
Aspect ratio, A,
. : 1 2
Part | Specimen| Section - - - -
Lateral dimension, d (mm) Lateral dimension, d (mm)
50 100 | 150 | 250 | 300 | 350 | 400 | 50 100 | 150 | 250 | 300 | 350 | 400
L4320 Circular | 1.36 | 1.09 | 1.03 | 091 | 0.84 | 0.80 | 0.77 | 1.29 | 1.01 | 1.00 | 0.84 | 0.77 | 0.76 | 0.73
Square | 1.45 | 1.11 | 1.06 | 0.90 | 0.82 | 0.79 | 0.75 | 1.28 | 1.05 | 1.00 | 0.88 | 0.88 | 0.77 | 0.73
u | 47100 Circular | 1.38 | 1.11 | 1.04 | 0.96 | 0.90 | 0.89 | 0.80 | 1.34 | 1.04 | 1.00 | 0.87 | 0.85 | 0.83 | 0.79
Square | 1.46 | 1.11 | 1.09 | 0.92 | 0.84 | 0.84 | 0.84 | 1.29 | 1.07 | 1.00 | 0.92 | 0.91 | 0.81 | 0.76
N55-100 Circular | 1.46 | 1.20 | 1.08 | 1.01 | 0.93 | 091 | 0.85 | 1.41 | 1.04 | 1.00 | 0.89 | 0.87 | 0.87 | 0.84
Square | 1.39 | 1.11 | 1.04 | 0.90 | 0.88 | 0.83 | 0.83 | 1.28 | 1.05 | 1.00 | 0.90 | 0.90 | 0.84 | 0.80
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