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An Experimental Study on the Strength Relationship of Sguare

Cross-Section and Standard Cylindrical Concrete Specimens

Kang, Soo—Chul

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

Summary

The strength of concrete for demign or core concrete for destructive test depends
on several parameters including the gize and type of specimen, The Korean and
European Standard take ¢15x30 cylindrical and ]5¢m cubic specimens for measuring
the concrete strength, respectively, There have been rare attempts to decide the
relationships according to the shape and size of squared specimens. Especially, it is
incorrect to use the existing data due to the different material properties in Cheju
from the others, Therefore, in this experimental study., we investigate the
relationships and compare with the existing results, The experimental results will be
utilized to grasp the material and mechanical characteristics of concrete in Cheju,
From this study we obtain the following conclusions.

1. Unlike the general failure shape of concrete, we found the aggregate failure of
concrete specimens. Through the strength comparison of aggregates from Iksan, we
found that the crushed aggregates from Cheju have the weak strength, By the abrasion
test of coarse aggregates, we examined the appropriateness on it. Accordingly, we
observed that the stremgth deterjoration come from the week coarse aggregates to
these ohservations,

2, Under the same slenderness ratio, the strength of standard cylindrical specimen
is more strength than the one of the squared specimen, This result was similar to the
Gonnerman’ $ results but showed the quantitative difference.

3. As the slenderness ratio under the same cross section increases, the
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compressive strength decreages, This result is contrary to the Gonnerman’s result and
we can find the cause from the weak coarse aggregates,

4, In the column design of reinforced concrete structure, the code specifies the
reduction factor of concrete strength as 0,85, However, in this experiment the
reduction factor is overspecified, and we realized that it is necessary to reduce the
factor,
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T@o] waA A8 Aok, I Fig.10(a)9d o] #¥9 AW &
= ZA7 XY de & FA &N 28 Aol AR,

Btk ME 4¥g melstd U 20me EAYES] YW A FA
g A3 Figl139 & wa ddste 479 45 FAAE A2e)
o Fig.13(a), () o] H{AE HFo 2 71Ysl GHFPEE 24T
T Stk &, AEAlel (@)9 AlgAdEs Rajo] ok BEo| FL A
s, (b FAAAE F& Z2AY & ¢ YA @) o] TR
Aol os] g WFA shgo] date] HYPF (b)Y AP ¢& A
E7F dAsA Ao nEgM aEd gos gy o8 A o

g A &+ At

(a) 7FSi o} efd

: (b) Zherparel EHdg el
el HE AR 2

Fig.13 Experimental specimen for examining influence

on direction of acting force and placing direction
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E3AYE 445 EFE FAAY At FE4E AFAEE A
vdebdth, FAAe &S D, Eolg He sle dutxyoz H/D=2¢ &
& FAIA el dish Figlde 95 FAAMNY ANEg 0 $EF=E e
Aot o} 2RA 415X 30cm YT FAMY JYEZEE 100%E 3o
FEdlg Jelde, FAAY XA¢rt AE4E dEAGTE LS B
SaIN=1

%%, Table 1% Fig.1541M & H/D=1.03 208 & 713 FA A9
el &A= #AE Uebdd ol2RE dEg 4 £ UG

) 958 z2 439 FTAAY A9, AE T& ¥4 Do o] HY
HI7b 345 4EFEE AR,

i) /D7t 4% A%l 94F FAA7 4F FAARDG & F=§
Ebi e},

i) Aol @2 Fo|w gt 2L FAMI & FEE Jehdd

) JuA FAMNY A=zt 4F FAA] Zxo] HEe & F=E
VERATE,

#FeEAY N A
| 10mm ol
1
l—l 20mm )
I | 40 mm 1
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[ I B 1T T 17 7t [ A I A
110 PRIV . . .
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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

y = S A DT FNA| 2% FAA
gl5x 15| #15x30 ¢20x40| 15 8 |[15x30[20x40

74 0.67 0.51 0.48 072 | 066 | 048 | 048

284 1.12 1.00 0.9 116 | 115 | 093 | 092

37ME | 147 1.49 1.27 1556 | 142 | 127 | 127

19 1.95 1.70 1.78 190 | 174 | 168 | 160

* $15%30cm A5 FA A 289 FEF JIELE AUS.

Table 2. Correction factor of compressive strength

=019 el

2.0

1.75

15

1.25

1.0

BAA

1.00

0.98

0.96

0.93

0.89

« H/D7t 919 g &2 le Afole ®Bgd A8 7.
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a2l EANE FREERE o AN FEANYEL g 9 =
ok} X4~ H/DE EE IAAY g H/D=20d A € + = 357
gl o] Wi BEF FAAY AEE #AE) 5td A g
B3 A 4§ Table 29 Zeo] A&}

af, Gk FAA

ZAYUE YW FAA ] Hale A oste HEGE BAG. @4
datel 93td G E Fo] Fol FE W Hojg F3 45 & oFc W
oA AegdHel Adiz gt o] ¢FP & FEAAE 2t

A FAAY w3 HFFLE G Fo) ALY £ vt FFEE
Z7he 7t AA FAAY &9 A FUge] Fdol dA# T
NAEH JtgRAtoldE vhEe] &t FAN &9 JMgAe vkE
of o F&AL A YPLTOR g LAY FTIL TAA FYW Ex
o AR 2@, EHA golAd FAAY WRoe BYY T4
o d¥goz Fwe Ad g wao] molAh E Aol FAAY
EUHIAAA ZFee Yol oHoh Figle2 o] B E4Hoz FA
3 Aol

M,

Fig. 16 Failure mechanism of cubic specimen
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Fdo LA i 47 ZAYERL o}F gornz FIEALL ¢
o7)o] Apo 2 Rt} Figl6el A E UA AFAREY] EAYET} A
Foz Hi a5 Frtd meEtd AR A Ao dddole ¥
of 2stE AT Fong AgEyge] gavio]l 4dr}

4, FEIFAA &I

ZAYES &Y rv ZAYUE A8 7MY T8 A8Y HFA4oju,
2 A Belgoz Astel NYE 2IHES APA 7o
& 1 J%L g9 ok FuEH[1,12] o3 Y-S e €3
& A& A (Continuum)7t old §AFZAZN, 2 AFL v A= 9
g ZA gz 53], A7) wtel & gSHA=e EIAYEY 7|EH
Nag P8 & 5 leg gudi

gz A2EIHE TEREY Yoy HAANA 4FFEE ARH
EQoE /MAH o] &EHL e dAoltt. E ARE U ¢uld
Al BF uAZEE 2 Ui 4 v agu FAAY Zzle o
& nATFEESY A7l AR, vAEde] £X A8 3 FE AP FAI
e Aae FAASE gaAy 2ader wagze At ¥
WA G AHANME ojn RAFHC] EA3I o, o TY

HAN g X Q7] wW&Ee] FAAMN vAddE} 433 =
, P el A HAEA G A FAEAARY B o o
Adotd E32E ARe 4FodA 27l HolA g& Aot

2efut E2E 06 ~ 08 fo BES ol AW, FHZ Lol
A o Ze mAZdel EAse RugadE 29 474 9
o, o]l FQe EAYE AA FAH EAsE Rl ohlm, B A9
792 veldr, ojd o] ojf FIEHA R /9 FFEddM 39
AT Aol dolut A o)2A4 du). &, Y g o ool oy
A ET TH5Y Asz g $A5A @

o

K e

B
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5. AFE EFG AN

AFTe @tz oF 90km €A Fol JE 4 HAZ L &F
of elaiA wEoizl & FAMeW Mo mrle FF 480km, @74 &
40km?) ElYgo g Mo FIRAE Eol 42,000me] &443Hitol il
E3), B4 FoAMe 7P EL 'l 50~-200m FEZM A HAA) 4
Aol den, QYo EE RYGH FA EFo] & A gon, AAMF
AuEd g2 54 AV Ut

Axzel 714 2 360470 ol4e] He, 48L& 2d2 T}
e A=Z oy, ofd AL FHE] Fie] EHT dof e AE &l
o A AT AF U F2 Wol ExEa gled, o F
60%°1 42 sy 200meld He Eel #xsn Aok ol A vt
ul7t 49te 2 AEY REY o AF= AT Re YHY BAE #
3 Ak

18 RgE BOMAR TR RE, #4de ARE4 #H77F ®
E 95Y, 327 e T2, ¥ &R E0 €9 UAY, 181 4%%
Uxtge) ge) & BEgYe] Ut

AFLe AZL F2 2AYH =W A4t a8 I o F 2508~
30053 Al A 2] FAA 24 BEF Ao HolE Olivine
A g AHE T 9 74 HAUeH, Olivined 8F¢e 2%
033 2 £4 e Jebdth 2 F, 450 o8 sekitat 360
G 714 5AEoN BEEE g es R, 2EYR, U ¢
G, 718 GS EEEQ HAd HHYFS AR ol FoRY

ATUFE 24, 34, ARGS VA e F4PH FPY AR
o, WA @Eqte PR EFY AY EFY ToiH, AA dEH
o] 95%c)4tel EXE Holi gt}

Table 3~5& FUldlA Aidsts AA59 840 44& vel iz
Atk o] BolA & & & vpeh Zo] HAY FEEL FFA =a 4
oS ¢ F Utk F, AHE Ao W FIYE S 4%E 73
T A ¢ F U
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Table 3. Compressive,

tensile, and flexural tensile strength of stones (kgf/cr)

% 5 4 &2 %= AR F = A=
- I i 500-~1,940 35~50 104~132
ok 4t < 1,035~1,680 3682 78~177
< 3 86372 8~35 23~60
A& 266~ 674 25~29 54~94
o g A 1,180~2,140 39~87 34~90
A & ¢ 740~1,200 28~74 -

I ) 1,410~1,640 - -
» 2 29, ASFAZALY”, 1202% B AR
Table 4, Distribution state of domestic granite
= A d gy A A

] I

AN, AN, SAN, g3, XA L,

A7 5 |[7HEA, AETN, 8N, AN, oFy, ;'q A

AxE Y DA N = 4 7

Al

PR AR, ol YA, 23N A4, 2 j ;"]

ped, AY, £x4, A0H, A | .,

5, A, gas, A, | o )

AN E |9HA A7, A2 ARY, A4, ; I

AN, FHA, AFH, B34 2 a4 A

. A, AAN, FFS, BN, &N, j_ ,3 j]
[t I %‘_A J'--:__).

DEA, A, AN, A, 8| L ., 4

9 A4 A

71 B | AL, g3, B, £34 474 & 4 A

¥ 4 A

* 2 28, ‘ASTALE LY, 12022 ¥ 94
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Table 5. Properties of domestic granite

£ 9 3 A | ¥45A=kg/ad| B F Fr&(%)
&84 1,760 2.68 0.39
7HEA A 1,227 2.68 0.49
7t84 B 1,610 2.62 0.41
B8N 1,730 2.75 0.19
= F4 1,340 2.66 0.24
EHAHA 1,533 2.61 0.39
ERHAMB 1,145 2.70 0.38
EAHNC 1,390 2.61 0.35
24 1,440 2.61 0.27

FAEE

ARN 1,220 2.68 0.41
3 d x| oA 1,480 2.69 0.43
A A 1,547 2.68 0.32
o A A 1,480 2.66 0.38
A d B = | JiAAB 1,690 2.66 0.43
B54A 1,371 2.67 0.37
4B 1,207 2.66 0.40
Agd E| 29y 1,630 2.57 0.76
Z Y= | 354 1,059 3.02 0.26
AR E| AFY 1,720 2.62 0.27
44 E AZHA 860 2.65 0.61
AAXB 770 2.64 0.52

x 2 8, AFALA 8T, 1203% & A&




I 43 #¥3 9 4%

1, 49 /e
7 AEA Al 2 g4

AL &Y 4F SAAS 9% 2 45 AgALY o 4E v
€ A3 ANHAY 4F FAAE 7€ AA AFHL ALY F
o} ol 4F ARA Y ZA$E A4 AFHoez A3 HPhoto
D. 24FANEA e Bee 3ol EAESS B FAE A4
@Ho] AL Ae7t nHE 4 dod, AFA PN By T s
nelA, & dFeMe @de 27] € AN E 487719 %8 19
dte] ©Ee] 10, 15, 20, 25cm, AA4]7E 05, 1.0, 1.5, 2.0, 3.0, 4091 ZH3,
$15%30, #10%20 YT, 410x20% FAH GRH R A6 7t 8%cm 4FA
FAE ARG ol AN Y A27]& feR Ay wE ZE A
& $43%7) %9 Table 6oA Ei uie} o] 2z W=o] diaf 9714
AZsthct. ZHFAPA ] AFEYL FAYES g4 WEE ndso 3
Wwaog 718 3 A=A

U, ZagE

Mg ZE7} 20kgt/em?Q) FLYE BIAAEE Siste] dm 2 AHEE4
ovi O wjFMAEL Table 73 #Zul, AgAo] TAYE eld Ho] €9
ZE FA4%89 % 18cme £HEXNE AU (Photo 2). AL FAZE A
Y ZEAE 2HE0) 28 HFo] 2589 Y4 LA ZARYE,
we e AFE Yo MM AHF W& 65 HF 268 A
A7k 6mme AN E A ALgsigen, ERAZE A= L E5A
Ut3 Q] ECONEX 4A 8- A3t

Z2E AgA(Photo 3)& 38 F AFAL AA% A $Y 203 o



Table 6 Summary of experimental results

L Ao g Y
(FrEx AR ¥EZE ( kgf/cm?)

x g ol) 79 149 28
10X 10%5 3125 3317 386.2
10X 10% 10 1705 2087 2443
10%10x 15 1760 185.1 2218
10X 10X 20 132.7 185.0 216.4
10x10x 30 1575 1737 2152
10X 10% 40 164.4 189.4 232.3
15% 15X 75 214.0 3102 3622
15X 15% 15 1765 1956 231.0
15%15% 225 176.2 1906 203.8
15% 15X 30 179.6 1956 224.2
15% 1545 1534 169.6 2113
20 X 20X 10 2126 2972 346.4
20X 20% 20 1796 187.6 225.8
20X 20X 30 1438 160.5 205.2
20X 20 X 40 169.6 182.0 201.3
25X 25X 25 119.2 132.3 173.0
%X 25% 375 140.7 155.3 170.9

#10x20 163.4 225.6 266.2

#15% 30 - - 265

BIX8IX17.8 179.0 2088 258.4

Table 7 Concrete mixing table unit : kgf/m®

Ade} B we g | E£34
333 190 818 998 0.83
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Z1Fel FAE AASH ¥ FTIAYE ¥ 79, 149, 28940 &
Zt 370 A EA Wl FEdE 492 AR AT (Photo 4, 5). 4&FZ
EE AFdgn 24 300tf §7Fe WeAPrE AHEEdan, W 49
F ZAYES #3 L Stz B

2. 4% A3t
EED

g, 2y, A4, AMER olfRA ZAYEL ITA¢ R=2gE2 PR
Atolol Aol FeE B e TIAE FAHS dn F4L R
2ezd A9 HAH] A4y R=2EelE 9 g Jehye, 9
AL B3 FEE E F Ao o] d4S FF FIYEAN E 5
tHPhoto 6, 7, 8). EA 9 Z=7F did ZA HIE veho] AAA
o2 EAYEY FE7t A8 Rolg,

Z4gE Fol 27l AAdE QL F 66% AEE ALEE FE
© EAY 2= €S BAE I At wEgA B dFdMe &

ZE Agel gAA FAY A=g vZnR 5x5x10em] HA MY
Aol el AE Jite] 43 AR Yo @F Y &A= F vliLd)
At 44 34 ASHF=E FAHsY BT YFEZEE Table 89 e}
Wi Qlet o] oM & £ gRe] it A g A AES AFAY
A4 2o of 2d) AR A A2 JEwT 2y AF A9e s
B5g ¢ A9eg AYguitt Ao ZFxe Aol HolmE Yutd} A

TE fov BtA g FRo viste AL FE/ AR e
¢ 5 Ak ‘

ANPAY AFZFE APAF, NgAY By G4e Aoy maga
o] 31 o RE AgAUY 4dfE A AYE HAY 53] AY
Ao A717F AL AtdE 29 A FEe] @ol velyy, ol ¥
FA4A9 Al A9 Zxrt Aoe AoRRY F39 4 vk

ZAadE ZEE A9 ZE E2E2 AR Atole] ¥Yd de
Aol AgtFolne ¥ el 9std A9 ZEJ} 276 kef/em® o)A
Frive A& ofdE €+ Ak 2 Aed viel go] AHnl

...27....



o FAe dAol Folstng nFgEe FAE ALY 1Y4x a7
E AzxE 71%5E Aotk ey EBRgd wdd AF AY A A
gaeg gairte A7 AREL B $ Utk o o) FAY A F
A% #Ig ofrlslrg AMHOR QA A F(resilience modulus)9 A 3}
& duz F w49 At seiger ZAYE wig A A
o] ZE§ #etstoor & Rold.

Table 8 Strength comparison of aggregates

A5 it 44 AT 48
559.2 kgf/cm® 276.0 kaf/cm®

S PR L

AFERol A4 gl BAY Beo B A%e A AF
dotm 29 22dAx AUIE Agee] BAY vE AP AN
Ak, AY WEe KS F 2508 7130) 9A 49¢ AAsgen, CE9
A& 2500 kgfg 22addzzld AT 84St vl £ F 5008 H7
A Nw723E golHol Nol2Al2 AZFEsiach o do) $3g 2
A F& 850goz AL BAY ThEEE o 26% AEE HAD NF
o gem Zajel TlREL 40%clHE £7HT UL v, AL A9
SRge e Roz veyich

ATERAR7S] AW Aol qsH AFEUY BAE F48ol ©A
o4 B a0y undn A §480) & ASd: 2ads A=
e ob7lNg £ e A% TAY 4L LT ALE ¢ £ %
. olge EAld U@ WG M AE2RH AF=ue @R
H4 2EAE Aoty g2 4Ae AYn Aoy wALe BH b
wstel AW A% 29 HPe YUY TP AL & 4 Yok w
B4, nAE 2ade AzAe) AL 2A9 A 28 FRAG 2
o B4¢ metg Fol ALgste Aol wgAsd Bedd,



o REFTAAG 4FFAME F= BA

FUdAE EFTAAZ 45x309 HAFFAAE FAHI}R glen,
#10x20%) AlgA ] ALEE QA3 U} Table 95 EEFTAIA S 28Y
A&7z R Z AgAe HE F=uE AR wg dehn gle
¥, 228 EE Y we A=t FAEE B A

o] HolA 289 HEZEE Hlufdd ZFFANAY AAEE 059
A48 Addtne ZAFIAAY FE7 Fuies AE ¢ 5 A F, 28
d PYEFAEE 4FFANAY 4FAE 5T AFAEE 3
T & & ok =%, 4Ny A dHFEE BEFAAY Frry
Zom ZpFEFAAG 277t FotFe wel FFREE FUHEE AS
% 4 A ‘

Agu7t FLE A AFFAA 4F:FTAA By 2 FEE UE
dite 71&9 23e Fd3iv AFHoze Aol vehiin Qv 2
gk AAE7E 19 498 FAAY A=rt AFFAA 2o 2de J)&
9 Aidete ANEHE 49 2F4E Jehlln AU ole AlE AR 23
FA EA % RAew FEA) o)g Fo| AF A YA AAHE
TAE FAE7 Rors i AAANG AF AGUe AMNAE BA &S
ZAY Z=g Hofds o] FA Aol € Aol

Table 92 % ¥ WUFFAAG 9% &2 2F FAA¢Y A= #A8
A& 4 Ak 23y o) & AT ANPAM oF Aoz FFHo
2 1 #AE dA%eddE oadgol Ad 53, AL FE/} E2d
E R A 99% AL ZAd oo oid B gL APA)
A% 4y Zagol aFHEE ¢ F U

g Auld e Fx ¥

A AN M= dde Fo g FAAY gold v, Fig.
172 54 ©de] ZFFAA N AFulet REFTAAY 28U F=o df
¥ A =uE Ao ma debdln Qv o] I Pl AAnst 2ot
Aol Mt FEZE7F F/48kE FAE Bolw, 53] AR 059 B¢
289 4FHEe 4FFANAY FERG 2A JYEgen, EEIANAS
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Table 9 Strength comparison with standard cylindrical specimen

DL BEEFAN A% =y
78 149 284
10x10%5 1.17 1.25 1.45
10x10x10 064 0.78 0.92
10x10%15 0.66 0.7 0.86
10x10%20 0.5 0.7 0.81
10x10% 30 0.59 0.65 0.81
10X10%40 0.62 0.71 0.87
15X 15%X7.5 0.8 117 1.36
15x15x15 0.66 0.74 0.87
15x15x225 0.66 0.72 0.77
15x15%30 0.67 0.73 0.84
15X15x45 0.58 0.64 0.79
202010 1.02 111 1.30
20x20% 20 0.67 0.7 0.85
20x20%30 0.54 0.60 0.77
20x20x40 0.64 0.68 0.76
25X25%25 0.45 0.5 0.65
25x26x 375 0.53 0.58 0.64




FLE AHE Ad GFFAAY 8Y SFFE7 EF At £
T Uk

A2FAYE JIFANT ARzt dRE 201439 o] dn. ITE
AYE 7% AAMAM EALUESY ZFE A2 AFLY 08BE TTE
Lehigh tigtmol A thgFg Aol meg Z= F4W 231 0868 A%
Her, 2 f%& ACI 71&dA Adste dAd gsin 9. #Fa
A 0858 AFR 7L F7Hgd wet 2B FrE Fadtd £H
He gold a2y & 49 2 osd AFEs & A el 0852
ZA vdehd, AF AQY ZAE ALY A4 FIAYE 7T A
gl 71Eol Al B7HHED AEE ¢ £ Utk ol & dHdA Agd
Ao H4d25d ddd 4 jon, oy FHE AL B4
A B4E 1@ HAV WA Aol vidAsivtn fad,

Fig. 182 HE&FA A Fd¢ @d3E A AR 20 4544
Aotel A= BAE AF wE wE{HT, o] THAM EFITAANG
o] Zx= ARel7t o F10%A =M, 28Y Bt ¥ 3% Xolg Rrh
%, ©Eo] 8.9x8.9ecmelw AFu|7} 291 AFFAME BE 4FFTAA
gt A9 HAIE 4% ZEE BAW. o] AIAZHEH AFuI 29 4F
FAAMS Zh APAE S3=E BHd B¥%d A 9L WA YA ¥
£2 ¢ 7 At 22U o8] AYPAd Ffoe SAHE gAHAd
ZA7F WA G3H7) Wi B4 ggd J3 aAE FEE 9%
A 28 Aeloh
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d) Squared specimens with 25X 25cm cross section
Fig. 17 Compressive strength variation of

squared specimens according to curng time
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Fig. 18 Strength variation of 8,9%8,9x17.8cm
squared specimens according to curing time
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Fig. 19 Size effect comparison corresponding to the same slendemess ratio
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Photo 2. Concrete placing
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Photo 4. Experimental scene I
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Photo 5. Experimental scene II

Photo 6. Failure shape of specimens 1 (bond and mortar failure)
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Photo 8. Failure shape of specimens Il (bond and aggregate failure)
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