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An Experimental Study on Concrete Strength

According to Aspect Ratio and Size of Concrete Cylinder

Ko, Bong-Soo

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

Summary

Strength and deformation of prototype concrete are dependent on several parameters
including the nature and magnitude of stresses. There are many attempts to
investigate size effects of concrete specimens. The effects of size on properties of
concrete is particularly important if small scale models are to be used to predict
the behavior of prototype structures. An objective of this study is to investigate
the strength relationship of ¢15x30 and other cylindrical specimens with the
variables of aspect ratio and diameter.

From this experimental study, we obtained the following results.

1. The results showed some different phenowena compared with the existing results
due to the properties of soft aggregate of basalt gathered from Cheju island.

2. As the aspect ratio or the size of concrete cylinder decreases. the compressive
strength of concrete increases, These results are contrast to the existing results
which the reduction of the aspect ratio or the size of specimens fosters the
improvement of compressive strength of concrete. On the other hand, the more aspect
ratio or size than standard cylinder, the less compressive strength. This result is
similar to the existing result.

3. The above results are derived from the failure shape of concrete specimens. There
are three kinds of failure shapes, which are the failure of cement mortar, the bond
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failure of cement mortar 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 failure
which is the failure shape of lightweight concrete. This is analvzed 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,

4. 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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Fig. 14 Relationship of compressive strength and size of specimen
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Table 1. Compressive strength ratio according to size of specimen

.~ LFZAA ALE TAA F SAA
$15x15| 415x30| 420x40| 15 8 |15%30]20x40

74 0.67 0.51 0.48 072 | 066 | 048 | 048

28% 1.12 1.00 0.95 116 | 1.15 | 093 | 0.92

MY | 147 1.49 1.27 155 | 142 | 127 | 127

19 1.95 1.70 1.78 190 | 174 | 168 | 160

* $15X30cm VT FAAY 289 FEE JIFo 2 FAS.

Table 2. Correction factor of compressive strength

Eol%t A =9l 1]

2.0

1.75

15

1.25

1.0

BAA S

1.00

0.98

0.96

0.93

0.89

* H/D7F 919] gk E3tell A ZA5ole Bibyel o3 73
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Fig. 16 Failure mechanism of cubic specimen
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1. 488

7k NEA AY 2 "

Age) W5z A5 AN Yyust FAA NS nAs, 7
ol Wlal 24z 670e) ARAS A, £ 144709 AFAS AzsATH
ol5 AlYME] 3 45 YZFES 2 WAV AP AW 2HE
MG 3 ARs A2 F2RE 2 ¢F-9YE BAS 4R
o,

2} NRAY AFFozE BEE BAMES Asn 28 PVC Holx
£ ALgste] AFsYS. 2 482 PVC BT Table3old R
ups} o] A Bof 2polE UEhEO 2 o] Wojuo] WAXAF ALgdtel
AP A4S 2AsYL TF PVC HolTe) 70| Wao 2 Ho|xE
duste] Algalel xols R TaAYse) BAF AFPY AAS
g8l Ewg Abdel o]l Awrldl ola) AgAe IWe Ve
e AE-3hsi

U Z3gE

A mAYEE dulE A (PANGo VY e B
JES AHROH 1 MAEE Tabledst 2ot 2AYES Wl
AN 2749 AFAEE W/ AERSAE AU S B 5 3
o dlnlze) AL FUF 2AsIA APol o]FHA 5 U] HEol
o 29T A¥e £3YE A6l UAde o 18eme] SHIAS
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dRen, TAYPES AFF gAF B ATl o FE3] o
e YA

AHS EAlE AGAad AEA= Yol 280, HIFo] 258 G4
aAle] ZRAE AL FAE AFE AP HAAqA HFHF =HE
650, HlF 2682 Ho X7t 256mmgl AAE 24 AHSE AT AE %
A= ECONEX A& AH&-3tgh T3 EANEH & oF 57%, I A
&2 46%E5 AH8-3Y

Z3YUE AT 24AF 0 AINESS BZ AH83ta] AJ@A 2 7HHH
of g3 on, 3UFo AFLS AASA drIFo] AL dJH &
E 231& T3 3938t FFFY TS FstA ¥k

248 4y # A

7L AEAE AE 2 2%

ZAE g4F 28¢ AEFAEE FA38AY 452 4¥-2 Photo2
A B uiel o] AFUIdtw A& 300tonf BFS] WFAIE7]
(Universal Testing Machine)S AH8-3low, A3 Ax 714 - Al
A4 370 A8 ARE dolHE ARSI WAyl A A Add
£ AEA Ao dFdo] sinygA ddo] A ol WAL Zgo
2 Z=7t & ARARTG A3 ZAA Jgkr] | Eolth
AR A3E Table 59 893l on, 1712] AlgAlde 2EHQ] Aleo]
£ Ra3led o]Z diolg ZA(Data Logger)ol dZ3lo A3ts<t ¥
P EE SHIA, YR ArE ZIYUEY BASFTE MRIAAH. E
& FAAY @Y AHF EFeFS AT

A
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Table 3. Summary of specimens

A FA(XE X Eo]) A A =] 2
9] © mm (mm)

75%375

T5X75

75% 1125

75x150 84.2

75X 1875

75X 225

75300

100 X50

100100

100X 150

100200 106.45

100300

100X 400

150 X75

150% 150

150%x 225 154.1

150 X300

150375

150x450

200100

200 <200

203.1
200> 300

6
6
6
6
6
6
6
6
6
6
6
100 X 250 6
6
6
6
6
6
6
6
6
6
6
6
6

200400
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Table 4. Concrete mixing table w9 : kgf/m?

Al E i3 L) Az & 3 A
333 190 818 998 0.83

Fig172 #7347k 220 AI@Ae] A gol @& TIAE ¢FAEE
Yetdln ok o] 2 BE FAAMEG A Fo]l AAY & TS5l
ZAYES] ¢EZx7E A v, o] Ade 71EY BE FAE At
4T BE P9 FTAYEY Aol A #Fae TAYJE Fx9
37 Yete st kd Ads B J2u 35 FuR
o & At BF A9 TAHES {AME A2 B

Fig.182 ¥3ulst 3dES A Este] #AE Yedn. o] Id
AME & 5 A uish Fo]l FAuZE BE FAMIQ 289 HAY &
Asol BE IAARD AL AFZAEE BHAG. o] AX TAAY A
gol &AL At AES] AFAEI S7HFTE 7€ AT 234
€ ditEe 235 29 &, FAAY Aol 20cmy A V&
o] A} FAIRE AL HAY T, Y FAH A AF FAAY
A 5ol BE FAA vgt] AAY 2 Ffodd AFAZE7E AdELS £
F Ao

olg} o] 7]E o] A7 AFe} iHe Ade FTAYEY H3 FY
2R {538 & Ytk F, BF TIAYES] A3 FF2 AWNE ®=
Bl2yv At m2g2e] Riaue] syt Auj oy A9 e o
 2AYES #Bye FE ZFAF TIAYUEY 3 Fdolth wetM o]
Autd A AHS ZAZE A% A AR AFS AYD AE5E ¢
4 k. AAAHo 2 AFEL FFAA 44 A7 AL /AR A
A& AY AF2S 9rjzid.

AAgo] A2 AF FAANY Fvel B TAHES} Hwdto YFFE
Adte AF FAA ] 99 oG BHF oY A5 + A A
Fol Z2 95 FAANAE O F9F EF3ltFel S7tet] 24
ZAYEUY ZAe FAY Aol F&3 35S £EEE 5 oy,
ddo FAY AFAME 3l8 A H3s 2AFEA 2 Aot W
dell, A Fol & A5 FAANAME 29 97 3Fe] £ Ha
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Fig. 17 Relationship of Compressive strength
and specimen’s diameter with H/D=2



Table 5. Summary of Test Result

1514 EAE Lag R S AAA S
R
( kgf/em?) | Z=( kgf/cm®) | (X10° kef/cm?)
110 29.3
$75x375 124 33.1
1.60
136 36.3
Bt 123.3 329
142 189
$75%75 130 173 174
139 185 :
Kix 137 182
170 15.1
X .
$75x 1125 144 128 178
120 10.7
B3t 1447 12.9
172 115
$75x 150 160 10.7
1.82
166 11.1
ks 166 11.1
162 8.6
$75x 1875 150 8.0
1.
143 76 3
s 151.7 8.1
149 6.6
x
$75% 225 147 6.5 L7
132 5.9
ks 142.7 6.3
160 5.3
75X 169 56
#7530 1.77
161 54
B 1633 5.4
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) NI AR g R s e A S
Al A 2 3 2
( kgf/em?) | Z=( kgf/em®) | (X10° kgf/cm?)
128 256
$100 %50 124 248 153
150 30
Ha 134 26.8
129 12.9
$100 X 100 128 12.8 179
153 15.3
o 136.7 13.7
148 9.9
$100Xx 150 146 9.7 L7
153 10.2
v Eis 149 9.9
206 10.3
$100 X 200 209 10.4 004
222 11.1
- Fig 212.3 106
175 70
$100X 250 162 6.5 186
183 73
ks 173.3 6.9
152 51
$100 X 300 139 46 79
143 4.8
B\ 144.7 48
120 3.0
$100 X 400 119 3.0 L5
125 3.1
o7t 121.3 3.0
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Jr AH2E ey A
( kgf/cm? | Z=( kgf/cm®) | (x10° kgf/cm?)
207 12.4
150X 75 252 142
213
222 136
iy 227 134
215 12.54
$150 X 150 193 12.0
231 1185 213
27t 213 12.13
216 11.47
150X 2 201 10.67
¢ 25 6 196
210 11.07
ks 209 11.07
197 10.3
150 X 212 10.4
#150 X 300 0.45 Lo
205 111
Bt 204.7 10.62
161 8.76
$150x 375 185 8.16
1.84
192 8.04
Bt 179.3 8.32
167 6.57
@150 X450 162 7.07
1.
155 6.83 68
Eis 1613 6.83
236 23.6
X
$200X 100 215 21.5 208
230 23.0
B F 227 22.7
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A A== Wl BYAS
( kgf/cm?) | Z%( kgf/cm®) | (X10° kgf/cm?)
208 10.4
x
$200 X 200 198 99 L2
192 96
> Kin 199.3 997
205 6.83
$200 X 300 195 6.5
1.
191 6.37 %0
ks 197 6.57
207 5.2
$200 X 400 192 48
1.
197 49 %
o E, 1987 5.0
a
w0 R N
0 : 4 ;
. e
o ;
fo— .
T
WH
§m
o
@
9
D
L ) o
0 (1) 1 15 2 25 3 4 45
HD

(a) D=7.5cm specimens
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Fig.18 Strength ratio according to
aspect ratio and diameter of cylinder
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Fig.20 Load capacity per unit volume according to
aspect ratio and diameter of cylinder

_3’7_




V. 4Y Zse) 24 R n

1. A9 Axts} o] A ZAstste] wiw

Zader FAANEZAN FAAY AFZAE7 7 718A4A A8 5
Aol "t watd FEZE grol FAAY F2E A7]d w2} @
Apa ZaYE] ARHY E4olzt B¢ o2 ol Utk

Z3adE g9 AFE F2Z Fdd 93y #3 AFE Fxd AP
gaAolgoe s Mot oz Hel Ak wx TAYES AFH
HME JAME AAZ FAYES] A “ﬂ'?"}‘—] < Ad3% # e o

& ZAZ ¥ £ U £ FAURBNS F 462719 J1E d¥ARSS
Abgste) HARAME AAF A, o ge 9F IAAY A7lE 1
AT 2d g At

(- 0.865
V1+0.5D(H/D—1)

+0.7]fck 4.1)

d : ZAAY A E(cm)
h : TAIA 9] Eel(cm)

fa © S15%30cm FAIAS 4F A=A ( kegf/cm?)

ol AUDAME EF FAAY 4FZ=E AR 4 R AS
e tEAES vyehln ok UG AS] FAAC A FgH Tt
180 Ze Ao ZEe F3Ho] e & & Atk EF o] 4o
2Ry FAurt 18g A0 BF FguiRg 22 Ao ZAYESY B
T2 #d grista Aok ol B Age Aust doltn] ol @A

3 ush 2o AW BAS ALEF Ao|7] YRl ARHo= A



FEN @79de) 2AE BAge 2F A B nAY 5
2 oulP Fig2le 2 Sdol 9@ 4 Avst 2 ¥ A%
ulaatglth. o] Z@elA H/D=202 AR Al thal Aol ol we}
#AE7t doz AYPL 2 4 Ak %, A§ TAY 2AYES ZEd|
27 9L PP ¥ 4 Ack

0
[} . R
4 . .
an + ¥ | 4
5 i d
Eﬂ)
g :
B o LF-- s
ol [E-Lae)
RO
Q;KI)
B
D
0
o 5 0 L] D -]
X (cm

Fig.21 Comparison of this experimental and Cho’s analytical results

2. 719 A% Atste] vl

A& F4uis AFE 71 BiA HAF Ao & APy 2AAE
v a3t Fig22e ¥F FAAM AFe] &7 15cm, 7.5cm, 10cm?
AlgAel dial F4u7t 05~40 HAHAM BE TAIA S 45 AFEE
gto] Zxul S Ydeido. o] JYeME £ AP Art F4ust e
735l 2318 Axe A}s £ & AW

3. 4% Ade nF

“
puny

B A7E BE BAASY BE Aol PAo THeE ZEol n)x
Jae wotalna ANHAG. ol L& ATE Tjol As AFH

_.39_



A2 ZeoA B AT Ao A Je AR, TN
AHgEe Aas FUF AAY Ao AHoR I ARE AHEE
o 2u3 ol a2y Z9js undte] AHE AmTE FUYA d=
= 7Hgslel A el AEE AR ARES adA € ol 53,
AFxce g2 Addes 93 5S4 A4S AH83te vl TS
g& A7) dgse] # A7t AR

AY A2 AL AL AF IAS fABIER 7jE dae
He A7E A F, AFolY Iyt BE FAA S vaety Ao
Agol 2312 Zxe] A3S B & AU ol AHE IAT} st F
Ao} gjel o3 FAAMZF FHHQY] Wolcth wehA olg e v
ool hal A HU AFE Fo B9 AT ANE Ho|2EQ A
g Z7/HAA A2 A9 RHE Fole WY 1A F UL Aol
o}

T AZZIYE FREANAM 2ol ZIAYES Fx FHAME %
vl W& A5 2L 834 B F, dot TAYEY Fx FH
A Aol dig AFs v did AFS st v wE A
FE 7180 ARSI e AFe AolE dEriAl @ Reld. 71ES
o] @E AlFE AFol AAY Fu7E &AL Bed FAYE FE
2 g HWrlste 4F AFFES A7I9se 12T A2 AFE A
g, B A3l o o33 ga #Hrigoz 18g & AFE AT
RAol AAM3telet Algdh

_40_



35

25

felfck

L

etmme >
oo

0
_—

poe

"

L
»
L
e
san

05

L=

= Gonnesren
AKesler

X Murdck

(a) D=15.0cm¥ 7%

foitc’

a8

a6

04

02

a5

35

45

(b) D=75cm¥ 7%

_41_




25

& o 2REL
518 H 8 Kesler
]
s ]
1 '
P .
a5
o .
0 a5 1 15 2 25 3 35 45
HT
(c) D=100cm¥ 735
Fig.22 Strength ratio according to diameter and aspect ratio

- 42 -




V.32 &

2 A7E EE TAAS g4l OE Az dyuel FAYE AY
Aol BEot BE TAA AZPES BAS AAs] A A=A
. o] @AE o} TAUES ZE FHol} 2TANE JFAN
FeEr) Bgae A5 e AAsed Baw AEv} 9o 58, AFE
£ Aelzoz WARgdel FAE ASHTL AL v, /IE A=Y HY
A%E WEY 4 ANen, T ge AL ARt

(1) 47} 20012 EF FAIAMRY 2 go] FotA 9o TAYE
o] AEAREE #AFYG AFo] FHolA H9o EIYES Fre F7t
goe 719 A7 Axel Aol AAS YEAG. wide A Fo] &
BAole 71E9 AR} fAMG AFHE YeEPdH.

2) TUF AN E9 LF FAAAA F4u|7t ol wel Fre 7]
£ Aoh= W2 FAsAT whAd st 280 Z Aedle
71&e] Aol AT AYS By

(3) 7189 A7 ZAFst Jol@ AR} FZ AME FAVL - A
e AYx e Hez woddy. F AL FAYEF FHEXAEE A
2 &2 e v, F FAAAY MHo) Faso @Y AHT EHIHFT
o] Z7tatd ZA7L BH3= 5ol F7IsHAl & Aeldh watM AL
oFatd Zalo] 3 AIHE HFF TIAHEY {AIG HAE Yoy,
Ao FAE ALE EFUES v Bx AHIs dosA H
o whde] & FAAG vwdle A Fo] AAY FAuJE & A fde
99 AAG B dFol Fast e WA Wit o3
#seg 7129 FIYEG FAG Hn FFE HolA € Aeld

(4) 2o} E3YEY ¢= ZAT FH HAA Fgulo W AF+E
nEn oy, A3 Ao 3d Fge wE AFE AHEFH=E A
< RAAG Ro= Yeiut

_43_



B A7aMe 9A 144709 AgAel A A A2 A5
of 3 AARAE FAo2 AXY F YNeH, w2 old hF &
O ®ge A7 "ayo]l ok 53], Fof TAES AFFE FAHAA
ol WE BAGASE BAGAA ALgEe AEdE 2 HriE ds
7 ev g olduig uiw Ao Aol Jon T AFFAY F
Ag nAJgA TAHES nPFEsle] ol o] dFHER old W
A7) "gAdo] A



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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