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An Experimental Study on Concrete Strength Considering
Size Effect of Concrete Cylinder With shape ratio 2

Kim, Kwang-Sik

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University
Supervised by Professor Eun, Hee- Chang

Summary

There are many effects related to the compressive strength of concrete like the size,
shape and aspect ratio of specimens, and placing direction concrete, etc. except the
mixing proportion of concrete. By the Korean Standard, we take a #15%x30 cylinder as
the standard specimen for measuring the compressive strength of concrete. The
specimens of different sizes are sometimes provided and the measurement of strength
is required. These specimens with different sizes are transformed to the compressive
strength for design and analysis by applying some factor. However, there are very few
materials related to the factor in domestic, and we depends on the foreign data.
Accordingly, in this paper we considered the strength relation between the standard
and different sizes of cylinder under the same aspect ratio with H/D=2. From this
experimental study, we concluded the followings.

1. The general phenomenon shows the increment of strength with the reducing diameter
of cylinder under the same aspect ratio. However, we obtained the opposite result
which is the reduction of strength with the reducing diameter of cylinder under the
same aspect ratio. We can find out the cause from the properties of soft aggregate of
basalt gathered from Cheju island.

2. There are three kinds of failure shapes, which are the failure of cement mortar,
the bond failure of cement molar and aggregates, and the aggregate failure in
concrete. The general failure results from the failure of cement mortar or the bond
failure. However, by this experiment, the failure shape was governed by the aggregate
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failure which is the failure shape of lightweight concrete. This is analyzed by the
distributed load per unit volume of cylinder. As the aspect ratio or the size of
cylinder decreases, the carried load by aggregates increases with the increment of
the distributed load per unit volume in concrete. Accordingly, the utilization of
soft aggregates leads to the deterioration of concrete strength,

3. As this experiment is confined to the limited specimens, we did not determine the
quantitative relationship of the aspect ratio and size, and concrete strength.

Therefore, we need more study in this area in the future.
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HFZEZIYE F2E 2 Z23dE F A52 d 4 +x= &4
ztol dstAQl HAE motste Aol M 7ol HE Atgold. 53
ZAYEE AWE, B, 2 2L 27 do2 & EFA HILE o] FolA
t dHAREN EAYEY ZEd F¥E e 8UEL ¢ A gt
o gy ZaES] G AL Hotsr|@ 4 oIl Ao

23 e AL A AdA AF dEdsd, F3Hde 48
3 A Fol 715 ANFAE AFAE BEY EHIL F8F AEo] @
. 2agEe Zxe IFUe AS EF FAMZ AE 15cm, ¥°l
0cmel 95 Hejolo), olgd @ FAME "F, LB, TF2 FoH Y
g1 glon KSolAMe 7#AHL 10x20cme FAAY AlES QA3
qlth. & A H](Aspect ratio)7t 291 BF FAIA 9 4F AZABEE AA 7
Z 52 FAA o]F A wgdsn otk 2, EE FAIA o]
9o #AHH| 7} 2014 f9F 9 XFo] ttE Ffo EE TAAMS B
FAE FUe A9 oo iy A7t AY AFIA I Az 9
&3t Aot

3 Al A7 2IYEY ZE uxE o] Ate FE A
g A% AdHoZ AFEAA AEHL Ye BFEES AN A%
Zade Zxd e 4L nAY Yart At I HEWA A
7b %A EE AAFTE L DAJOE AL A B HEI}
2320E 7z ZA 9FL nFE & & Y. TAYEY FHI ¢
oz2e AWE #HolAES Ty ZFAe AWE Ho]AEQ RAHA
nagy, ZQe FAE E F Yk gy oz AN E AL PRl
AHE Hol2E Z& Bado gig Ydosy, A9 FA&s FF I
HoAA B F e F3 Fgolt. 2y 7|Ed 2IAYE ¢FBE 4



g Ao o A/t FAHE AFGHES & F ANH. F, AF
ol Abg3tn e e A% A FAR 4FE AU de A
2 #dsez A ZEE Ad Hristd TAYE wide] A
Aoz B F Joh. 1Y EE FAIASG FGu7t 2014 A Fol
ANgAete] 2 #AE ZEe FAE 7RG ez AFA Bl
T 1 #AE 29 ¥ Ao

3, 71E9 FIEAYE FREBOA IotE MAdY TAYE ¢F
ZE FAHAN NPAY AFo] EE FAMY AEH & FF ol
2R A% 2R ASLE "_Z ot o] AF EF F99 A8 9
E3 3 e v, oo did AT "ol glon, o] JAE AE A
of wat 2 AFE g A Aolth wA & dTdME dFLIY
AN 2A7 2AYE B e FFI Pt 204 AFol vE
NPAY tEBE} HA 71FE =] BAE 7€ AT AH ¥
TLE AN 39 A5 A A4FE HAFY YadA dAHAS
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e rlr o

2 @79 23

ZUo BE FAAME AE 15cm, ¥°] 30cm EFFEjol™, KSeilA
of F#AL $10x20cme] FAM A4S AAE}: o, FGHTL 2
ojth, 22y H/D=2024 EZF I} A5 28 #Y Al BT
FAANN AL FEFEee] FRBA R FH AT AL AR
o) Z9o] ol oEsm Utk 53, TAYE F= AEE A A
A3 otz RE U&2FE9 FAHAN H/D=20°14 Zote Agol EF
ZAM g Ao BE FAMZ 42 Ad BAAS £E I
o] Ago &3t Ae EAoln

A7etde AL A2 A4 A9l E2YE FAAT HWHRE =
A7 FoEE A$EL B £ Ao gwndoz ZHE ARE Bl
NHME Ho|2E £ e BAg oy A HH= BF F
Aol N B & Ae ) Folth mekd 71&d AHgI gle 2
E 2% 234 BAASFELS BF ZAS AL ZFEEAN A7 7
A A%e WA= g



Hetd & AFdME EFLAY AN A 22YE Fx F HA
87} 2014 A E& 8 HE Ao BEE FAM BEee] BAE 4
Aatn d3& EHoz A7/ g

AA, H/D=20°11 EF FAIAS} AE5S &8 HAY 9ol E& T
HoA @ AFA=oe] FABVAE AT

X, BF FAA S AdaaAg FAAY AAGEE ZAZ BT
FARAZTS HM)E AR 71E] AT AHRETH N E AAEH, &
43 44 £ d4 & AL S3YE 71&Y AT AF39 HE o
& ZAA$.

A, Z2AE JIo7tyFe] g 71&Y Taylor$ Bromsol&9 A
A& HEST

2 A7 EFF FAAQY  415x30cme YF FAAE " FE3o
H/D=20%) 9F FAA AEE ¥ APAE AFsto 49& HA
sk 48 Ao @t Y APAE 6714 F 42702, 5= *
$8-¥ygE BAE ZANAoY, £ EHATE FHHAG. 48
AFosta A9 300tonf&Fe] WEAP7IE ALt HAlEP o,
W g 2HL HUYPYE Ao|R|(Strain gauge)E H 33t o]§ dHolE =
A (Data Logger)o 98 &As A4

AT ¥z FFLAY FA AHEoE 7|E9 YW ZTAE AET
FA A A7)0l iy g v E HAEFFLH, o] W I FgH
FAA 2717 3 EY ¢EFEg BAE ndHoH, T ©
Ay R $8-¥YE BAE FH3}AT

4 71 AT
2agEe 95 BFAAY 2717 ARl weh FFFES FawTE A

A& Gonnerman[1925]9] 9l&te] Hx2 APoe T FHIHAG. HIA=
Gonnerman®] &3 BAAFE A &3 g Johnson[1962], Blanks$}



McNamaral[1935] 5= 3AIAMe =Z7] &l digtd g 489S 3o
a #AE HdASAY. 2 F, Gyengo[1938]9} Neville[1966]2 & ol A
dutH o2 AR HE HSAMSG AKHA Fefo FAAM g 27 &
H$2 AYPS F3td B Yo, Powers[1956], Kuczynski[1960]1= A}
A4gg Q. 2y gRE oleg APEL E-AWNEH], FAAL,
e, A A7) o 82Ag FAld WIAFIHEA HFES HA
7] o Z7] Ao dig 8§ FAE HolA XIAUG

Weibull{1939], Tucker[1941], Nielson[1954]% & 3 7] Ao g ol &
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EAA Moz 27 AFHE AEsAo

gy FUalME £ £A[1987]0 o o]gH o V&Y Y A
2 ZAZ FAHY NS AAG FAM A7) AAXE AAHA
th. 22y o] ARee AEHR T ARE s 7E9 I9 A8
o Aoy o&Eta YFoz Tugel, 2 AHAE IH A5 AT
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E3], A9HQ AN AFEANN FAZ FFLA] 2IHE At
1 glE v, 229 ¥4, 2E IdE € 94Y & E3YE Fxo A
A 4%L v nAE BE ZAE ALET ZAH TG 2R
2 oastr] o#€ Aolth ey oo gid dATE A AFHe=
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Fig. 1 Stress and strain relationship of concrete
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Fig. 2 Stress-strain curve of concrete according to compressive
strength
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Fig. 3 Tangent modulus and secant modulus
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Fig. 4 Normal and shear stress at failure surface
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Fig. 5 Taylor-Broms theory on bond crack
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Fig. 6 Specimen to confirm Taylor-Broms theory
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Fig. 7 Occurrence of bond crack using a circular aggregate
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Fig. 8 Model of finite element method for analysis of crack
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Fig. 9 Variation of tensile stress according to horizontal movement
of cement element at the upper 2o of crack (Elastic

modulus = 2.1%10%kgf/cm?, Poisson’s ratio=0.2, a/h=0.1,
unconstrained ends)
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(a) (b}

Fig. 10 Development of crack according to the location of
coarse aggregate
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Fig. 13 Experimental specimen for examining influence on
direction of acting force and placing direction
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Fig. 14 Relationship of compressive strength and size of specimen
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Fig. 15 Relationship of compressive strength
and H/D of cylindrical specimen

Table 1. Compressive strength ratio according to size of specimen

LFFAA yey FAA F FAA
#15x 15| ¢15x30| ¢20<40| 15 8 |15%x30|20%40
74 0.67 0.51 0.48 072 | 066 | 048 | 048
28Y 1.12 1.00 0.9 116 | 115 | 093 | 092

MY | 147 1.49 1.27 155 | 142 | 1.27 | 1.27
1a 1.95 1.70 1.78 190 [ 174 | 168 | 160

2

x ¢l5%30cm AF FAIA Y 289 F=E 12 U

Table 2. Correction factor of compressive strength

zolgt A9 H 20 175 15 1.25 1.0

HAA L

p—

00 | 098 | 096 | 093 | 0.89
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Fig. 16 Failure mechanism
of cubic specimen
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NHE R2gzoe] RAZEI g Ffode AHE R2E29 33
Hrh AgsiA € Aotk F, EIAHEY 3 FFL A AWE RE=
etz #3, AHME R2et29 A 73 g3, FAY RIYR FE
gt gy oz FZAYES e AWE R2ZEg 29 Iy F i
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ogu| 7 2018 AN ES MFZ Z ANEY AgA s 24 6709 Al
FAE Azstd F 42709 AFAME AF}s AT o)l AFA S )
47 AEAEE S HAZL A ANEAY A4FBEE A3 349
ZAZ AFZEE FHEAAG olF 1M AP dsiME &
A-AyE BAE FAHI}IA
zZt ANgAe FALe 9F FTAAZ PVC FHo|TE Abgdto A 23
th. a22iy 489 PVC Fo]TE Table3olA BE uieh o] AFd x
ol Yelgog o]g wojuo HXXAE ALY FF A5+E FH
st £ APAY FUgosEs FH HAHIA Ho|TE HUFHA
AF3E ARt 3E BAF AFIY AAE A SHEE A
Aol wyigle] A7l s AgAe FAEL I3 AFIE AA¥
At

U E2YE

AgE ZAYEE AE AR (FIAVINGoRRE guE 22
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AL MFgEEZEYH 2 5 Qo

AHE ZAE AGQAR FEAHE 2YE0) 280, HlFo] 2583 FAH
A9 BRYPE, AL AL AFE N¥Y MM AT 2HL
650, BlF 2682 Hd A+7F 25mme H4E& 4z ALEEST AE #
A+t ECONEX A EFE AH&don, EXNUWENE o 57%, XS4 &
& 46%E AH&3tATh
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A 7198t FFFH T H3HA ¥

Table 3. Summary of specimens

A A (A& X EOl) A% AA A&
@49 mm (mm)
50x100 6 55.7
65x130 6 719
75> 150 6 84.2
100200 6 100.0
125 %250 6 130.2
150 % 300 6 150
200 % 400 6 203.1
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Table 4. Concrete mixing table @9 - kgf/m?

Al E % = A2 | &5 A
333 190 818 998 0.83
2. 4% 2%

7t dE%E 4%
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125cm, 15cm, 200cm? AlgA ol oz 4F ¢FHF=E& FAHIAAG
20cmol el AlgAe AHE 71719 FFAYEG 222 Hd¥S AAE
F Aqdd ¢E%4E 48L& Photolol A BHe upe} 2ol AFATw LA
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4% Az A% 2HE ANPA e FE2ZFE dolHE Agssh
Ay A3 E Table 59 843 H 2w, 1719 AlgAdE 2EHA Aol
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Fig.17 Strength ratio according to diameter of cylinder
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Fig. 18 Stress-strain curve of cylinder specimens with
aspect ratio 2
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Table 5. Summary of Test Results

e EXIR L ehAd A 5
( kgf/cm?) 2% ( kgf/em®) | (x10° kgf/cm?)
124 12.4
#50 % 100 142 14.2 150
136 136
3 134 13.4
163 1254
@65 x 130 156 12.0 1.72
154 11.85
7 157.6 12.13
172 11.47
$75% 150 160 10.67 182
166 11.07
b= iy 166 11.07
206 10.3
$100 x 200 209 10.45 204
222 11.1
7 212.3 10.62
219 8.76
$125% 250 204 8.16 904
201 8.04
3 208 8.32
197 6.57
$150 < 300 212 7.07 1.95
205 6.83
i 7 204.7 6.83
207 5.18
@200 X 400 192 4.8 1.96
197 493
H 198.7 497

g AlgA AT £FET

Fig. 195 AlgAe &9 AHFe EF8F5L Yerd, o] agdA B
ulo} o] APA L At FL Ao 4 AMHFo REEHE T
Z71d S B + Ut o] AFRZHE A Eo] FL APAAN 4FF
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Fig.19 Compressive capacity per unit volume of specimen
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Photo 1. Forms of cylindrical specimens for test

Photo 2. Slump test
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Photo 3. Placing of concrete in forms

Photo 4. Test of compressive strength of concrete
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