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Size Effect of Concrete Compressive Strength Considering Dried
Unit Weight of Concrete
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ABSTRACT Since the size effect law announced currently has been based on the normal weight concrete, for light weight concrete
having different fracture characteristics, its application is questionable. Accordingly, in this study, a model equation to predict the
effect of dried unit weight of the concrete on size effect of its compressive strength was developed and a database using existing

research results was created. After determining the experimental constants of prediction models of Bazant based on nonlinear fracture
mechanics, Kim and Eo, and this study using the database, their results are mutually compared. Finally, it was found that the
prediction model of this study considered dried unit weight of concrete predicted well the test results for light weight concrete than

that of the models of Bazant and Kim and Eo.
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Fig. 1 Comparison of the size effect between Bazant model
and Kim and Eo model
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Fig. 2 The width of the fracture process zone in concrete
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Fig. 3 Idealized tensile stress-strain curve of the concrete
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Table 1 Statistical comparisons of predictions by some models and test results

Type Bazant Kim and Eo This study
1.2f, L1f, 1.8 —n;l ® F
Oy = __ Y L
Prediction model A A o 4 0637 UA':—,los, + 0.63f,

%d, 30 (1+i(ﬁ)

12\ py
Yo 1.060 0.950 1.010
Light Yo 0.135 0.112 0.117
-weight aggregate Yoo 0.127 0.118 0.116
€ 0.146 0.124 0.120
Yoo 1.050 1.010 1.010
Normal Ves.s 0.228 0.223 0.107
-weight aggregate Vas.v 0.217 0.220 0.106
€ 0.226 0.220 0.125

Note] 7 sV 507s,» a0d e, are the mean, standard deviation, coefficient of variation, and error coefficient, respectively.

_ 1 (f“k(d’)ﬁxp._f(,-k(d)pre_y 0.5
ch B fck (d)ll[ -

number of measured points.

where f,(d),, is the mean of the measured compressive strengths and n» is the

1.6
s a)p. =1650+50 kgm’, n; =2.0 (b) p o = 1900 = 50 kg/m?’, n ; = 2.0 (©) p.=2350+50 kg/m’, n; =2.0
. r (6]
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XH iﬂanﬂfﬂ Z}7} 11,0503} 1.0600] Rtk T3t o2 )
T AgEA 2AYET RESE ZAHE] °F 65%
@Ei okt ol AFEA ZAgEe] thdt dHolE
o Ut REFH ZAGERT AV WiEow ddd
th FAAE] A7]E ALst B HEE AQATE A
Al 3JE Kim and Eo9l do&rnd
200 mm ©Jatell A FA4v7F 27 o W
Atk o= F7E AT w5 o] o W
A yeElY] o2 IdE el Kim and Eod 5
ndae ;qu]-xﬂ o7 Ad @3}% 3} e}
and Eo2| oS5E &L A4 v}
REZY ZIYEA 1.0100.2 73%%111 ZIYERT
o & Ssiglon, oeAlTE 0

174 | =235 Esle| ==& M273 M2= (2015)

Y25 AFZ AR Bazante] S5 AR o 9
akGth ol H2EAY] HuoAFrRohE B vE BTt
AZlgdte] o & 4FS vH7] vEow ddd)

o] AFolA At AFELL VAR AFS x5t

=
S dlp/py) & T8 WFE 236t vk d(p/p,) 0l &

RS [ d)/f, BASOM, I AT
2542 7. @)/, d(p(/po)ﬂ 200 ©]3e] A

g Fo Bt 9
fald)/faiz 1 o178 SAARY £okon, & A4
7o) S o5 & wkgeta Sk & A9
SEA2 Ayl it A5t HwoR RETH
ZAYES}E AFEA ZAYEA LA 1.0100]13



2.5
‘White and bold symbols indicate concrete specimens 4 NWC
with 0.4<n ;<2 and 2<n ; <4, respectively. o SLWC
o ALWC

20 F R A

Predictions using the experimental constants
fitted by the present data base

fer(d)lfek

0.5
0 10 20 30 40 50 60 70
did,
(a) Bazant
2.5
‘White and bold symbols indicate concrete specimens A NWC
with 0.4<n ;<2 and 2<n | <4, respectively. o SLWC

s L 5 o ALWC

Predictions using the experimental constants
fitted by the present data base

fer(d)fex

A A
HgH * § ]
59 o
0.5
0 200 400 600 800 1000
d
(b) Kim and Eo
2.5
Bold and white symbols indicate concrete specimens A NWC
with 0.4<n <2 and 2<n | =4, respectively. o SLWC
2 : o ALWC
= 5 Cylinder with 7,=1.0
3 n
% Cylinder with n ,=2.0
<
1
0.5
0 200 400 600 800 1000
d(pclpo)’!

(c) This study

Fig. 6 f.,(d)/f, with main parameter (NWC: normal weight
concrete, SLWC; sand light-weight concrete, ALWC;
all light-weight concrete)

o, AAsres F¥aA FAYEY AF§ BF
ZAYERY ¥ Wt ol ZAYES] 7dS
!

oA Ag 1 4TS FAE FEE A (147 AEA
HE 7P F dSshe JoR ysgkorg o] 57k ¢
FA5e] vAE Y W Ava & 5 Uk

0

o] Aoz FAYES] 7 & e ¢
4520 Azjade] gigk SRl spdsta 7] A

TANE dolg o] Aglete] 2 Ao A
oF Bla-EA et A, o 22 AES A9tk
1) dA7kA e Zr|ai AL vEEe 227
Eo 7|¥kstar glo] sk EAdo] tE A =
ABECA 1 Z8Ado] oA :

2) olef o] AFrellAE njA T ste]| 7|9t Bazant

)
=
20

9} Kim and Eo?] o|S5EEES #Asta 2a8E
o] ZNAGAFES as kAL A7 a e

st o S=2AS AA ST
3) 719 ATANES ol &3l HolHuo|AE
glom ol gt vy IS E3
SIS Aoty wdo et A g+
gt} o2 5 ZAYES 7S dFE
2 AT =12 9o| Bazant®} Kim and Eo2] o=
o

BN ABENE 2 I5sa Aee & 5 9

4)

EoflA FrZ=A HuAF7E GEAF R vAl=
g

o] A= 2013 AH(v AT APz
AT AT FEX] A AFAFI (No. 2013067519)2] A
E R, oo FAF=EH U

References

1. Gonnerman, H. F., “Effect of Size and Shape of Test
Specimen on Compressive Strength of Concrete”, ASTM
Proceedings, Vol. 25, No. 2, 1925, pp. 237-255.

2. Blanks, R. F. and McNamara, C. C., “Mass Concrete Tests
in Large Cylinder”, ACI Journal Proceedings, Vol. 31, No.
1, 1935, pp. 280-303.

3. Neville, A. M., “A General Relation for Strength of Concrete
Specimens of Different Shape and Size”, ACI Journal
Proceedings, Vol. 63, No. 10, 1966, pp. 1095-1110.

4. Kim, J. K., Y1, S. T., Park, C. K., and Eo, S. H., “Size Effect
on Compressive Strength of Plain and Spirally Reinforced
Concrete Cylinders”, ACI Structural Journal, Vol. 96, No.
1, 1999, pp. 88-94.

5. Bazant, Z. P., “Size Effect in Blunt Fracture: Concrete,
Rock, Metal,” Journal of Engineering Mechanics, ASCE,
Vol. 110, No. 4, 1984, pp. 518-535.

6. Bazant, Z. P. and Planas, J., Fracture and Size Effect in
Concrete and Other Quasibrittle Materials, CRC Press, 1998.

7. Kim, J. K. and Eo, S. H., “Size Effect in Concrete Specimens

Z32|EQ| J|TRIEEE et

rol
g

3e|E YFLES| FV[ENH 175



with Dissimilar Initial Cracks”, Magazine of Concrete Research, Compressive Strength-An ASTM Cooperative Investigation”,

Vol. 42, No. 153, 1990, pp. 233-238. Proceeding, ASTM, Vol. 59, 1959, pp. 1216-1229.

8. ACI Committee 318, Building Code Requirements for 14. Yi, S. T., Yang, E. 1., and Choi, J. C., “Effect of Specimen
Structural Concrete (ACI 318-11) and Commentary (ACI Sizes, Specimen Shapes, and Placement Directions on
318R-08), American Concrete Institute, Michigan, 2011. Compressive Strength of Concrete”, Nuclear Engineering

9. Comité Euro-International du Beton (CEB-FIP), Structural and Design, Vol. 236, 2006, pp. 115-127.

Concrete : Textbook on Behaviour, Design and Performance, 15. Chung, H. W., “On Testing of Very Short Concrete Specimens”,
International Federation for Structural Concrete (Fib), Lausanne, Cement, Concrete, and Aggregate, ASTM, Vol. 11, No. 1,
1999. 1989, pp. 40-44.

10. Sim, J. . and Yang, K. H., “Influence of Specimen Geometries 16. Aitcin, P. C., Miao, B., Cook, W. D., and Mitchell, D.,
on the Compressive Strength of Lightweight Aggregate “Effect of Size and Curing on Cylinder Compressive Strength
Concrete”, Journal of the Korea Concrete Institute, Vol. 24, of Normal and High-Strength Concretes”, ACI Materials
No. 3, 2012, pp. 339-347. Journal, Vol. 91, No. 4, 1994, pp. 349-354.

11. Kim,J. K., Eo, S. H., Jang, J. S., and Cho, S. C., “Size Effect 17. Sener, S., “Size Effect Tests of High Strength Concrete”,
of Concrete Structures with Dissimilar Initial Cracks”, Journal Journal of Materials in Civil Engineering, ASCE, Vol. 9,
of the Korea Concrete Institute, Vol. 2, No. 1, 1990, pp. 91-100. No. 1, 1997, pp. 46-48.

12. Bazant, Z. P. and Oh, B. H., “Crack Band Theory for Fracture 18. Kang, S. C. and Eun, H. C., “A Study on Size Effects of
of Concrete”, Materials and Structures, Vol. 16, No. 93, Square Cross-Section Specimens on Compressive Strength
1983, pp. 155-177. of Concrete”, Journal of Research Institute of Advanced

13. Kesler, C. E., “Effect of Length to Diameter Ratio on Technology, Vol. 11, No. 1, 2000, pp. 177-182.

2 of AAZMA Hxy AV aHHALS REFYE LAYE 7IRkstL gl sy EAo] i AHIA LAV EANE 1
g-gAdo] oFAIFE L STt wEbA o] AFeA = SAES] 7Aoo 4FAEe A LC.LJJrOﬂ 2= 4TS A5 ¢
Qe BAS sty 7€ ATELES ot Hl"lEiﬂﬂol*E}OPOﬂE} 83 WA Fh] A ste| A% BazantElr K1m and EOJ
o Z el 1l o] Ao Akst Ao thst AHANFES AH3 T AT v w3 1 Y, A ES] 1w HE
TEsk 2 A9 o SR do] Bazant®} Kim and Eool Oﬂ%E% o AEEA ZAZE st AgAHRE ¢ & oS58 %10
S & S

AR 1 I URAT, I, (T

176 | BF=E3c|Ese| ==& M273 M2= (2015)





