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An Experimental Study on Size Effects of Cylindrical Specimen
for High Strength Concrete Using Coarse Aggregates from Cheju-Do

Lee, Jae-Jong

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University
Supervised by Professor Suh, Ill-Gyo

Summary

Recently and globally, there have been trends to use high-strength concrete 1n
reinforced concrete structures, The application of high-strength concrete has several
advantages to reduce the design cross section, increase the strength of structures,
and reduce the demolished concrete. However, due to the different properties of
aggregates from Cheju-Do and poorly accumulated data regarding high strength
cohncrete, 1ts utilization has big obstacles. Also, the strength of concrete depends
on the size and shape ratio of cylindrical specimen compared with the standard
cylindrical specimen, and we need the correction factors to convert into the design
strength However, due to the poor domestic researches on this field, we adopt the
foreign data, Accordingly, in }:hls study we consider the high =trength concrete and
the influences on the size and shape ratio of cylindrical specimen, and we obtained
the followings

(1) We observed the aggregate fallure at the compreesion, split tension, and
flexural tests. This phenomenon resulted from the weak strength of aggregates, and
appeared more definitely at the high strength concrete,

(2) As the shape ratio on the concrete specimen with the same size decreased, the

compressive strength of concrete was reduced, This result is contrary to the existing

- i -



results, This also resulted from the weak strength of coarse aggregates, And the
specimens with small size does not nearly have heen influenced on the shape ratio, We
obtained the samilar results on the split test,

(3) Comparing the normal strength concrete with the large difference of
compressive strength according to the shape ratjo, We can conclude that in the case
of high strength concrete, the correction factor to convert into the design strength
may be ravised,

(4) The objective of utilization of admixture in high strength conerete 1s to
maintain the proper workerability, However, we coneclude from this study that the
admixture is desirable to inject on the construction site for maintaining the
workability.
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Table 1 Defintion of international design code and range of high strength
concrete
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Fig. 1 Relatonship of cement powder grade and concrete strength
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Table 2 Compressive strength of concrete according to water cement ratio

Rt & 7 E (kg/cn)
E A EY|
34 79 289 90
0. 169 253 366 492
0. 120 190 295 378
0 77 141 218 302
0. 49 105 176 247
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7h AEtAl dew 27 42 E3ATEV) U8E e 84, AR, F2
FAAE 4 U, A9 EGU B9l A7) A4 BE Eazee
FA¢ A @k

® NAE #Hol~Eg FEe) 2 W 22& 71 A

@ 2L FF SARAM b ¥ F29 BAT HE A

(2) 17z E3eEe Axd QL vAT A9 B

O A A=

Antgo s FA9 AEE o)EE AMF EAEY] ZERT vl Ay
Eo) ZEE Uvrdoz FAWE| ¢ 8 FRHA L o|AL FA sHH
7} olde) EFYET} WA sajsiejel Prhe AL AAZ 31 Jom A
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Table 3 Strength companson of stones

25 o & (kg/crf)
¥& ! A%

g7 2.65 1500 140 55
St 2.50 1000 85 45
3 150 90 35 8
AbeH(A 3) 2.00 450 70 20
At 2.70 700 700 -
2] A 210 1200 110 55

A 3¢t 270 500 - -

A (A4) 0.7 30 - -
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Aol BE F7 AL AN JR-E Fie ofF AL A7|9 0|A%
TFE 7L o B¢ FoYd FAE E3ER £ 9 &4 HE
B2 Axd Yol 8 Wiz 54U Table 42 A Ao o2 EAs
&8, Table 5= TA9) F4&& Vehiz ik

23 ¥& ZAHEY AANYEY £PX, 2& BIYEY FE, UTH
T F88 AR disid & A Uie] F5E Eel olln IA YR
g TGN FYY NE Hol2E Feof ol

Table 4 Water content in aggregates

ZAe e BEHTE(%) Imel] T FFke)
go] 3 27 5~10 67~134
RE e 54 3~5 ' 45~67
F717F de =Y 1-3 17~45
717} AE &7, 4 05~2 8~34

a82g A g9 EAYUEE ©E7] AT A FoE B &
& njotte] wig AAA] s Fojobgt gt WHHRE A7t 3o Ye A
foll= A4 FWY E& A R B F AWUE #o|2Ed ) E
2R ALE & Folof gt wEtd ZAP7t = xS EES HAR et
g Srds H8E gofsieiol am o)AL ¢He ZTIYEE wHE7] A
Z3) F83 8471 el
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1FE-ge SAEL AxAE 53] ZAd ZRE FEY G| 2
w2 gHse) Bt 2= AzA Y A4 ® AEdate FE ao
e

@ =A9 v, @HENFTE 448 % 3%

A9 ol A AAY HFE uEt e @z AU SAYR
ol 3 22 AHY £ FFORE Ux #eolth #AHORE g/ml, ke/ L,
VmE YehlolAE dxe g glelth e Z4Fo 44 dxtel HFAo)
BE A9 HFE 1 FAN 7P el 23 Qe gAY vlFol FY&
Teth aEa HF g 2 A9 ZESG AFAHQY A Qo FATLE
Adshs T8 AEE AMGEHY ZAE WEE A HoaA neE
olof @t} &, A9 HIFO] BEFE FAe] FExE FolNEE 1%E Ea
HELLEME HFE 260149 TF8&0] W SIAE HANLE slejor &
o Table 6& EA9] FFol & vFE vj=Z3ta Yok

Table 5 Water suction content of aggregates

) FH A #¢ A FF FFFH®)
15 20013}

#& A 29 3.00]3}
38 4.00] 3}

1 3.001 8

2E A 29 350} 3}
3 400] %

TAYHEE A ALY FFE AHE Ho|2ER YN wNEojNnE
T80 A2 F HAEo & FAE A Ao] AYE HolAE] 4
FE A 8 £ Yk 23 AHE so|2ES] Y| Hrle AL YA e
23S 757 98 488 AHME R B9 Jo] Hox ke ojnoly
AR R FEd ZAYUEE UE ¢ U By opJE, EFW gloME
ZAYEY HE, vl MY, #94, WTAHAE SN AXFEE 2+
o, FAYEY XX 4R A & 4 Utk Table 7 A<l A9
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Table 6 Specific gravity of stones

3t H|F
LiEAS Y 26~2.7
ehabet 25~3.0
th el 4 26~28
A3 26~27
ARt 19~29
< 3F ¢t 20~25
RA(F4) 0.7~14

Table 7 Specific gravity, weight per unit volume, and actual occupied rate of
aggregates

@483
= = H A 0
e FH AauF Ze(ke/ 1) o &%)

Az

(# v} 2] $=20-25m 25~26 1.6~1.7 63~65
m)
44

(A NH 2 20mm) 25~27 145~-155 55~60
2

F24FM 33 25~26 1.65—-1.75 66 ~68

I FM 28 25~26 16~17 6465

7= A FM 22 25~26 1.55~1.65 61~62

A3 FE A YAV A ADE YEE FIXEA A dYo] FEH T
& FHom Qwr} EFstn Zho] A Aoy HHYF YxE wel T
dew FAEL 7)1zvk EAYEL HAM(A Aol FAL FASE UE
KS F 28279 M ¢ €48, B, 715 T Bo] AHEHE 4 67 FA(YA=
71 20~5mm)ell YAMT A FAY Uy BAd AHEE AHESH(YY @
A AHE), O %S 55% oldejoiof dvkn FAs: fivk EF KS F 25589
KA 29 FA A AAME AHE 63% ol deE B Ut
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of NMAMEE Bol AAE3A Hx ZATES 4717 BolAA drh Zro] ®ol
AAG HHEt Aol W EAle THe Jke AR A AFHo
A3 FFo] gepdrh

A, F5o Aflel & REg2y AEH | 2ES] o] BolAA Hrl,
H4e dtdeoz AAZRT Yol i FYU &HEZE A7) AT O
THE BolRIAIRL H4a Zo] BA FAdo] A AL TAYEY FeRA
B frelstA A8dn ojA2 AZ A9 EHol AHE Ho|iE RAg
FAE7] QEeln, o] diEd Yol FL& HHCHEAY HHIA L Ao
g AMERE F7M7A FogE FAEE MY 2adEsS % &2
I ol ZEE EF At

o EI3AE

Ho AEFAVLE 7IgA e nxd, BitEgd wt ZIE QA Wl
T4, ARAE AT AF 277 vds Ha, X4 F49 e wE
FAYE 24 F2 T F70] A we} 4F 9 EAREC] AHEHI
A

&

B3, 17% 9 1A% A E ARdE A, F53A, 2% F
A E& 14T AE Al o &84 AHgo] B4FHolt, A% AgAle
Feo YAl ZFEL EdAe 1 SR dEn AYE YA o
& FAQRA BTl $dte EadEe] dHrFe dEHos 3haA
Z24 sich

D& AEAZE 8%, 4wt AA7E 5~10% 23 24d% ZAE 10~
N%RAE=AA ArA4d 5 Ak

H2o Algto]l A&HEn YE IASAERFAL Ao nASETAG
FF & 1 o] B& A&t A £¥X &40 BARA Fo] A=
2agE FAMAYD AFTAY dHEC MAHY FF BE AMEo] o
2i=3

ol EFAEAME Egte] o, ¢da wEE, dE5 F FeHRT
AHEE D glos 22 3tde Ae 7k $7 23 @ AR WA o
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AEF 2 754 R IR FU 5€ HFoE AMEHL gtk 1YE -
1Ae ZAEY AMEE S8 AR 93 2.

(1) <A, AE 54

ZeAl, AE ZTAE ZAYE §9 AMEYAE EUNAMN dAeHE T
AAZIAY ZAUEFY uAVEZE AYATIEAM AP L FATE 3
BALET ] o8] SHSFS NS i EdbA o))

ZeA, AR Zode B8 84 A8 F AYME gAe o &&, 2A4FE
o] B3] Z3 Ao 7|¥Ao) E AEASE TEED, e $AAR
PlAE 9 el BEY, A9y, F3¥o2 ERYE T ok

ET AEATS A/ A4 A5EA7L 8% el Ad ulH, %
FAL} HEHAY, AERTAE ARSI 10~15% FES) 7 38 el
W F7)F Frlel wE ZE Fik @Al vk A Adel dv LA
ol Me s dgsgde] Fog A @52 20)A ¥1 AEANE E¥ H
7HiAYG Al AAle] U148l RoEg AE #AlY R AMEER
e, HZde FadEy B R WFAd Fust BAE F4E A8 A9
EE gou2E 232E 9 B A58 3B PHASA AL 9
123

2) FF= AHIH

AFE ZAUEY FFE AdEAR] F%E WX AN 88 ¥
AA B, Eol Wl AR HE, GRAANIY, AsSE, dETEANE Al
443 Bol slem 53 FAIMS @Az Wi A Aol o & 4g

L ghke
R =

3¢9 - WyE B

7t =anes 4z ¥y

FaPEd ¢4-WYE WAL TAHE R FAYN w2 YL
e IEECEREE B EERC RE AL EPSERE
igstel A R2etE Atold] ghe] WS Gk oY S Frke

AzHog FAE BN 23P). YL TaE FIAAC 4% 4=
Bg 7l I g bE wyal Bl FAA dRle usked i
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Wo) wARY,

YHAFE(E HT Y WILO)T std $H-9YE VAS Fig. 3o
dehdm ok o] gl slol FAAE % YRR o8 4YL Fa
e AZAEZ T Aol Geld SAUGE 8 2S5 Uk

&, = g+ 2¢; (1

o ZAPEE YL EHIES HAE P3ie v, AYE9
SH-EE WA F2 45H4 23l dRdr

o SRS Y3k AL GutHer =F Yoy olg4d Wy
o W3yt FaE 29 4z AgE FHsed =] € WU gt dE
S Fig. 3914 BE wis} Zo] §&¥ 30kgl/onolA] HWYo] FAF T/
o] EHolA FHAE o] 2 AT Ut B Ao AR 4 Ytk
SAHAE FASHA FAE 4 Qloh & 27) AZ dACdMe 849 AAE
Holu} Hokgf/en' ol FolME 238 Hog g0 FuEe ¢ + Aot T2
A 23d d7iFe] W8 F AP #4717 AAE Aeg & 5
Ak

400

.E t
Ezoo ' .
w I l I ,
- | EI - 1°2.50° 3.00
&= 1 (Hesazd, ASHARD)
100 i ! W/C=0.55 N
: i T A 3R (8N 3,
| l [ 2% 371%)
. 7E 450k|gf/cm’ l , i
—1000 —-500 0 500 1000 1500 2000 2 500
PHEY —=—| 22wy x10

Fig. 3 Stress and stran relationship of concrete
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L ZAYES] YFFES g@AT

TAYEY YT Yoz Y WVUHT IAAUE XE FAAY
AEWE &A= etk fEvele] EE FIANAE 415x0em L
$10x20cmS] ¥F Hefo] AlPHPHL KSF 2406(ZA2E ASFE A9y
Wl FAH Ak olH§ W5 FAAY g AHFAE FAL Lt o
ool w3, AE, TFE FolA HYHD glom, J7, Y, oo} FolA
T 7HE, AR, o7t E5F 10mEHE 498 FAAZ AEET ek Y 2
AYEd s HE TAA G AFF=E 4F FAA L7 4EFA=
HY} 20~26% B Fo| 2AEE Ao «dA vl FIHELY @AAFE
FITIYE F2E HANN A2 3B $H-UEE 43 YPS
#AAE 7R3 Ak

Fig. 45 48 714 4FZEE 717 LZYES] A 3Y-{YE J4
olth, o] oA vehd viel o] U FEHE W= EAYEE §¥ol 3
0~40¥ A EC] ol o 7R @HAAEE st 2 ol &9 Ao 0|
A ¢de dAo2 Ha vldgg Jehllz, §go] &7 Ee] 80~90HA
Ed ol2gjMde #AEE0] AZ A0 §8E O ol AAE7 e ¥
g7} 5o] mal=w, o] o) WHEL 0002004 000259 Hel At o] o)F
e WHEL 7P $8E doldv HM¥E NI (Strain softening) #/ol
A71m AEZIYE 72 AAE FTFT-AME SHEPEL 00082 7
st glet,

g Al9-(Initial tangent modulus)e ¥4 §Y AHE A& A 71&7]
& SR AT(secant modulus)#t 3™ 0.5/%EE 0.25/,00 ¥ gAY
ArgE @AY AL AHEsa vk

Fig. 59 §8-¥¥E JFAAA 7] APdee] 71&718 S2UEL &4
Agg 3t vk FAYUES] @AFE FAYES AFAE e & 7
gy}l o olfs TAYE dAse SATUEE TR v FA9 Ald
E ¥ojxE9 @A #SsHed FAY SAASsE dASA A=Y
NHE Ho)2EME EAHER| we} AHE Hol2iEY FFER T3}
T olo] wel AME HojxEe] @A olgd FATEY FEE L
7] wjEolrt, Wyt LA ESL FAY BATE ANHUE Ho|2E @AAS
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Fig. 4 Stress—strain curve of concrete according to compressive strength
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Fig. 6 Relationstip of compressive strength and size of specimen
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o 15~5M HE BB, FFA) BAsE AdEHolAES A ukd
&g 7hac

gai, 2adEs @dAsE e T BRY g4E e 4
gom JZAAE SHNRLFe) 1500-250kgt/me] DAYE BHASE
g3t ol Fatn Yok

E.=0.136 7. ! %V f g kaf/cm® (2

A7IM y.u SAYES] SGAANNAFOR kef/m'e] SGHNE 7HAH, A ES
UFZE o8 O kef/orolch UWMITATES] wHAHAFE dF
2300kgf/me] HEZ AQ)ZHH tEE 4L 4 Ut

E.= 15,000V f . kef/cm? (3)

@22k D A% SGAT AR YAME EFAe FAT 2= 3, F
AY FEe FAH 317) wWEd AR vlus) Y, AELETF F o
U FoEaEe F2AY SHHAMNA of HEd] 9P FES E Al
AHEEIR Qlek A(2)9F o2 RE B IFFTrt S8 SAAS
g F7He 49 Slth

4. FAA 2] Aeet FAYE FEHRA)

IYE VST 248 FAAY A7 AL4E 4BREE A Uy
gt $AAS AEE D, ¥0l& He} olel YdHom WD & FAA
of i3} Fig. 6& A7 FAA ABol e YSFEES e o 1Yo
A glsx30cm BF FAAS YSPEE 100%2 sto] AEHE vehin 3
AN A7t A4S YEBEE FHEE ¥ 4 Aok

E@ Table 83 Fig 7o0AE H/D-103% 2081 A58 718 FAA) thel
249 BAE et olZRE dee A + gk

® 973 == 279 FAA A%, AE T WP D gol HE ¥t
He48 YFFE A,
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Fig. 7 Relationship of compressive strength and H/D of ¢ylindrical specimen

® HD7t 598 A9 4F AL 45 FAMRG & g e
t},

© FAo] B FolW A7} AL FAAZL & AEE vehdr,

@ 9EA FAA) BE} 4F FTAAY Ao HEe & A=g JEbd
123

a3 FRYE FREZRE ZE AFHSY ARAEE HE | 1049
A4 WD=2001 24 & 4 gl 2%7F g€t} o] wife] XE FAME Z=
2 gasty] 3l 2o 8 B4 ASE Table 99 ol AHgdit),

5 1A7%E &ATE AFEY

2 ZHEol A 70% o)4kel 2n% FTEAYER/C T2EY FHY HE
of A% Bz FHNE 878 AFoY EETREC g 8.7
7t FF8 vk AEEY A9 199034 &l #o2 £ AAY 213 AF
€ 0% A2 0%, BRTE 16%, ASE2YE 6522 T35 19304
ol AdE 4%9 HEBol BF FFTRY v ZaEY A%
87139 wHdog B & g} ol 1R0EE oF2 AAANARE FETE 10

_23_



F, EYTE 11E RCE 6522 B¢7= RCERE BY HIZE9 3223

Table 8 Compressive strength ratio according to size of specimen

LFFTAA AR FTAA ZE A
#1515 | $15%30 | 920x40 | 15 8 | 15X30 | 20%40

A 7

79 0.67 0.51 0.48 0.72 0.66 0.48 048
284 1.12 1.00 0.95 1.16 115 0.93 092
3704 147 149 1.27 1.65 1.42 .27 1.27
1d 195 1.70 1,78 1.90 1.74 168 1.60

* ¢15x30 WF FAIAL] BY F=EE 12 HE.

Table 9 Correction factor of compressive strength

%ol¢
PECRY 2.0 L75 15 1.25 10
BARA S 1.00 0.98 0.96 0.93 0.89

* /D7t $18) gt F20el e ASelE nid 43 4.

Ezd vl 127} =Hol AILEAYESL 2] gol #7134 WA AFsn
UL &+ gk

oleigt FREo| AlREHE ZAUE ZFE(HAVIE A=) d 450ke/on
ol Z 40%F o) A$ 400-600kg/ct FEE AHEET U Ao] nH
wo} glom oo @ AT F AR HRle] Wt M Qlt}, & Eo] W
Fo} ASole 19839 ACInZE EAYE BIANYAACI-3B)NA HEFH
24 AS A0kg/er °)Fe] IAE FAVEE o AzEy agn
TREA 71EE SRR o)F 198834 AlelE9 Two union square A4l
1330kg/cre Al Fdgen QEAME 20kg/criol 4] EAEE JASS 59
IZE FAYE AHEEY 2 AFE UREGen JREESF A 1985d0)
S3YE Zx 600~800kg/ong wdez "nAE FIAHE HAXAFT A
oh, & wES 0l 9len, olgdz 1088de AAHAY TRE AL- 8- #Ho
Meg FIZagENew RO 70 AY, & AY Az 44, A3F5LE
TR I 477 19933 ¢RI ZHd LAl 600kg/cre] L=



TANEE AFFREY AMBsn vk ooz sfutie] A9 THigh
performence concrete Network; ©] 47/1\d Ago g 19940 FaEHUeH, 2
©@A to] 47fd AFeR oAl Adsle]l TConcrete Canada, B ©JELE
1% SAYEY Yt AlFEe] 2PE wFn ok aweE TFAqME
New ways for concrete; B ATFHAE F&l A 1Y T-4
FAHES] AlFg A7stn don, vF-fie] TFoE 3dvjrl A
"High strength(perfomance) concrete congress; 59 ZAZTFATUE o]
ofe] wrAo] AR &L 3 vl
7V7HE Fdotrlel AR UEFE 400-500kg/arie] 7L EHIEA
3o duts} o} 9lon, FFMT G0kg/anrg AFEHNL HZo] LolAl
o} KLCC Project(4d6m)elle I E &7 = 800kg/cm(CubedE)e] 217
= 23gE A4dde] AR e S S8 3 400kg/on 01 %E
TRAAN AT A 199399 FAFT APZAFYARR o)F 44 AdwE
FAEZTEZEN 2kg/cr'e, 28T $4 =25 AYE 199] 420kg/cr
gHate] 370e] B¢ Rolm ymx= AlPAIFLE 19900 AHAED Al e
109% 283 500kg/crg A3tEE& WL Tejx 1991de) AR dAolnE
(153)9 13% zo} F&ol Zeto] & o|-&35t 500kg/on & EMdEe=2H
T8Y 2R AFE-INT AYESY] nFRE HEAHHE AL
Aot o)F 1993 ¢ AHBZHEE) T00kg/cng A=A, 1943l A
A AdEE FAESAFE(XY 285, A3 83) AE 4hF Fo} ¥
T00kg/crie RAHCZE BdQReH A4} 1% F2o 1,200kg/arg AY A1F
stk

ojg} ol ARE TAESL] AFL FREe] 21339} WP e
&7] $igte] AR nZg= EFAUNEE AFHo2 458 Yo 1 AL
N7t F43] s fok

old AL F¥F FUME 400-600kg/ch AT EATE ¢EPEE 3
o2 B8 HA € FAeR Hrh gfo] JF§ FRE o)Ydr AYPE
AFER] B B2 %& FTZRFAM| oYdE F& A5 H n33
of e EEH ¥ JFEA W UEF o] Ao} §e FrMME 17
= ZAHEE o)8F FRA|&Yo] sido] F43] o]Fo] I glo] FujoA
X 3AFT E Reg Bl

e e ool



7. Z HEA

el B¢ 2dE 3B #8 d7e U 2 MY d7a: F
Aoz Ag=o] gor HIde vlmd g3 ATVt Ao} o] Reofd
et =5 TR F71eL Jlom Y uFE E3Ed #8 IE 9 FA
HAas2 AHE e dgen W A ZIsNe Aug BYste a7dE
E4E AFAANE A= sglch. a2u FUe] Z4E Fa 4Y4
of =% AT7E A thRReln, ALY d I3 wHE 4oz A
Al FEEd ML AlEE 4MRYE 53 00kg/erol e dETRE A
g ARt BEE F2E AMY o] B "ot} X Su AFT2
2o MM 1= 23YEE AWHEA Table 107 Zrh

198530 ol= 77 BFol Wd(Lucky Twin Tower)o| 4&7E 280kg/
are] EAYEE AHER olF B A=Al A AR BF 21F oME
ol 610kg/cn/366Y (530kg/cn/28%)9] A&FEE e 1FE ZAEE A3}
A AFE F, (FHAS ANEY 3F A Aol &HdA
Mock-up A @822 de7h F& ARS8t T00kg/cn7hA] A EAF-E e
TEAACN g MgeRME 1993del FFE FAT HEANY AR
L0kg/cne] 1T TANEF HZRE AT F dPts A FAEEAE@
)34 4 =5FMEYE 1999 4838 AAEA

A S e AHFAE AFED o FAL olME HFER 233
7} o) Fo} A3 glon, 7|EY HEAE TIAYEE AHGEe) mEtM ol
21%F A 7Y, a3 FARAM, 715)EEd AXA H2g 4=
AHgEHA He WEe] RS ulg] o] ta HA e Aol wAs
A Aot B&o] 2= ZAUEE /EE A FALAA # AE FAE d
A £ o] A BAY Yol oJHE Sirh

ol sty FoNE BY 8zl o J@oz 1994d = U
oA ARE SEFE AAYUSD) ¥ H2 E3E FZELAYAME
71E9] EAVE Ax VAL vF F AZAIT o] AvEigen], EEH
AAE Hote] ALR &0 A& 1994 AFFA EE AlEM 2=, F
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Table 10 Domestic reinforced concrete buldings using high strength concrete

~ - NTAS
TG | e A A | ABAN | A7 o ) 3L
¥
P EgAR | ARnAd | 82 | 450 Fe=450
L“C;y Twinl ) asA% | 85 | 280 336(289)
ower
_%_ e
giT% 27| 2 EAAM [8710] 400
o =
degv | Az | eand | 873 “2’“
q=x4
QszAR | ;_'f} (a4 |8911] 300 82
=R
o} EALS ﬁg%w (@)ws (8912|300 Post-Tension
CR=)
}_fij}i wa.8d, | agan |l Fe=300
_;_ 4 5 Lid A4 B/P
T8 B9
. A EEA Fe=300
3L X X
E bk | N o | 530 i Bp
dx
%i 1 guan | @we o] oo Fe=280
PO X FTES Fos270
geopse | 4% " O | 500 | e ashAME(123)
49T | . Fo=1283
e | HAAR [wszE e | e | TF
Ayraag | . - TNRAF Fo=240
iy Fae | @us | e | 700 A Eas
== - 400, 700, Fe=420
pyug | FERA ) @aad 1200 700,120
THESE | Fe=420
Ay 109 | TEEE | TEAA 420,50 | 5y zggma
Y I N RS
fane | BEEL | Foa 500 aedv
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T3 AT FES A7 R BEPoRA IPE 2AYES oL Y
Avhig-e B3t glo] o] ®oke] /M % Lwe ulEsg e, olg
A ol ARFA Al A7zt 2 debdg Sae] gla JEE
dolM= A7 glens FldAel B AFE TANES 7Y 9 ol
AE2E AY A7FAT 4G A 9 ek

b 24 £329E AFAY

AF AT FE AlF A7 EWE Fslo] Bo] A7iE1 e
u, o]E A R AF7IE0 g ARALY PR Hel gla, a9 AlEW
¥ T diFE ZAYES tE FHol frk el olEe] rlexYddE A
dze] WEr Z=UHGHRE T AWE, ZA), E£34 Fo FAo] 9=
AEH GF o7k U S AFEH Ao|7t U] diEe] A7 € 4
Ao} A A A AzEA AFIEe 2 g A A A
of ¢ gtk FHeME ol9] Pagd we} dRueT AMIEdPhA 2
FE IHEY ¥ ATE FEI S oy ofF A Y AU B &
om tjgo] uFolu} ARM} @o| EEA RS} AFFHo| 013 AAEH
AR @2 AAo|t,

TlelM e 1ZE ZAUE AT % AFE 8 3 € AL 7]
&8 Axsto v o] Jlestd

(D AgE Wi e, gx)7), S48

17 ZAAUEY g eMd, ox)7), aEn AL e AYE AFA
ol met A o]Folxof 8, Eaea FHo] FUsA HEE sk
e,

@ EAHEY

135 FIYEE AR Hste e BAWEHE gFo|n il
400-500kg/ce] M= 0.33~0.3801 AME-H I 700kg/crd] 2P E FAYEL
027~03 283 1000kg/ciiel e A4 022 olsl7t a7drl olg§ v
SAMENE AT AEER % ArAE AMSsld U g& F
7N oglen, neEtA AAELEEE AL A1ZS ok

Iy uZe FAE AZA GEFHQ BAUEHE A7} leng w
EA AR Algulgte] o]Fojxiol 3y, &3 VYT Py ZusF &

-
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AE HFugo] AR ojoF ¢,

® AeFd A

Ak 2AHESG Bt AR FUEA, A7) T QY 1% 4
A9 &S %Ol=F ARE 8 B Ao Fon 53] AEFTAY dA9
Folg 71gdol stn 1% FFAE FoAste FA7 viA(Batcher)ol vHa
sojof 8tm 2 §YUF ¥ 4% AFAE Foidhe ©XR stojof dk

© &ut

o8] 7hA Wit gulel oa] Rk & AT JHed £9Z &4dE 3
71908k 2143 EwiEolof dln, 3t Fo| FIYE & HIYLER RE
AN, 2T FFAY TR wel dx AYL FYdtojof drt A7)
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Table 11 Physical properties of cement

( cm®/g)| (%) ) | 3 7 28

4823 3,140 0.13 275

06:55 187 219 365

KST7 2800018 08el3 |60el| o (1300142000148 29001 4

Table 12 Chemical components of cement

F 2 | et [ewon| asd | N | £3e

THE | 3 &
Be(%)| 20~25 | 4-~6 2~4

62~66 | 1.8~24|23~29]1.0~23

U A=A

& AYdAM u7E FAHE AXE A ALY Zde AgdE A
ETAAM AN AAst vin 22N GEFE 7|EA o2 #REY)
A 2442 ol 22g Fed ¢ BR A F Ax L3 A
2 e ASsRen, 2o B 49 45 R £HEL Table 13
o A A A3 xHEL 2812 FRY £ ¢ 4 A Iy
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Table 13 Quality test of fine aggregate

T 2 H & | F5E%) | dE%) | 48%) | =4H&

A= A 259 153 0 0 281
KS+4 25014 30 30 004018 | 23~3.1
g, 233

AFEe dtEd A oF 90km Hold Ed e 4 AAS 4t #F
of 9sfix wEA 2 et He AVE A % 80km, @A oF
40km<l Bl B o2 d9 FAdFo ¥l oF 2000me ¢/4d3titel th
53, 247 7ARAEL Fol 50~200m HERA A AA] 4
Aol olom, dyQoze B FA T gL A Zo, A
AMEY o EAE Y3 vk

AFze] 71484 & 360978 ol4te] HH, 482 ad2 A3
JE AZ gloy, Ad AL Faso] ke AT dof e A= 3
th 7S AFEY FE e F2 go] EEIn Je, o F
60% ©14< 3 200m °) 4 H& R HXF: Utk ol A v}
avt7h §to g Ao BEEY W AFEY AZTFze UFE #AS
2 o

Z1qghte] REGg RUAZ FRS 2Y, i AREd 47 &
E 93Y, 377 de 98, ¥ HREo] €™ UAY, 28 484
UAtge] go] & EB§ao| vk

ATre AP 2 2UGH 2d 3G 2T 2 o] F 2509~
3005 Hl AW B2 EAA xU)d £EF RoE Hole Olivine
4 d5da AH4E FA 98 4 HNLH, Olivined FF¢S BF
UEd e 4 HE JYeEd 2 F, SaEse o et 360
a7fje 71 ENN EEE IR QT Y, 2AYF, A A4
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o, HAHY dRGS HEFE A5, AY @FY Foln, A WA
o] 95%0)49 £XE Holi v},

B AN AHEE 23 §Fd4de 44 2242 g9 &4

T 2YHY 4EE0 HES £¥E T3 ¢ 4 Atk Table 14 &
T MY A e AWy EAY 4EEE Wasn vk o
BolM & 5 gie viet Zo] AF AGA At e A7 B@AY
of mlate] o 2~4H) A= ®L FFEEL Rola o, nF, HAE,
2HEL BAYH {FAEA YEtZ ASE & ¢ AT Fge]
5o Z2AYE Fo A 2HE o718 5 e, 83 uFE
AYE 5o ¥ & AHEHZ Q3o ZTAY Fo MAE F9

Table 14 Qualty test of coarse aggregate

T & L T &) | 43 &%) 2Y&
4 7t 2.68 1.87 63.9 6.46
iy 2.68 1.60 61.0 6.54
ok & 2.61 0.84 589 713
FGA 2.64 0.78 59.3 7.09
=3 ¢ 2.72 0.49 56.6 7.20
A 274 0.67 59.2 679
4 4 2.60 1.02 574 7.13
KS+t4 2.50) % 3.00} 8} 6065 6~8

7t dagteg AAE 4 U

FEAE AYUE 8379 F 6% AX oS AAFE v, 2ZTA 9
d=e FAYE Zxd A 4L WA 7|&e AT A @
AFL QFSE 44 2249 P F=t @AHY FAd sy
A vERd T qEAM, A GdM YAsHe eSS g @Y Al
MEFE 83 ¥ EAPENSY AHEE 279k a2y A& b
9 o] R UAY HY nIAE FFE) Z2R 288 o ¥& BA
HENRZ godit § ZEE $A0E nHFGY AFAe] A=
AEdE $ALR ddd Z=7 AsEd. o 13E ZIYE WY
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Ao dHoz TGS 44 2TAL AL o Astd we BA
AEno) o8] ZaYEe) FEE BREL THA Aol g8 AFA
& gnse A28 WY dAE s¥.

B HFe o w4z ZaEY g ZE7 210kgf/cm®S] RE &
A B9 400kgf/cm’e] L% Z2ATYESY F FHE A4t Table
15 olE EAHEY A g 4AE Jela o

Table 15 Concrete mixing proportion unit = kef/m®

TE MUE| B | 2 | AT |[EA) EAWEN | AFAE
210kgf/cm® 333 | 190 | 818 | 998 | 0.83 57% 45%
A00kef/em® 470 | 150 | 732 | 1100 | 4.7 32% 40%

o] EollA B upol Zol BT Fxo] FAYE F3dE EFAE A
£33 glod, Elx g Hlste @& EXWEHE AEET UEE B
F A F, FA EF4€ ¥e B8 nd dAHAeH, 2%
E 23YEY FedE But @& EAMENE AHEED ST B T
At

RE ZEe ZIHEE HUEE AH8Eteo § W g4ddfen, 1
ZE 2adEY FA¢E AFGRL 249 To] YMIE AEE 22
BEE Azt

oA gA AR 2 A
ANPgAe 7129 HA AFHo2 AzY  ¢15%30cm, $10x0ems] €

Z goo "7 10, 15 200 HESE 98 H#E 79 ¥ ®olE
ZAQ A (Photo 1 #3) & AgAe 42Z= 4¥422 PN, €84
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B A9E 39 vigREE AdYsded, AFuda 249 zhe] =A7)
€ AHdtd APAE AzET 4 gAY 2aYES] £YZE &
dayod, nE Fe 2AYEY AL ¢ 18emE, 14x EAIYEY
Ae¢e o 16cmy 27] €8 & By wlgAlodl= ECONEX AD-Rée
EAE FAsHen, EAE BA F F T2AT 3o AFIE AA
stgom, AP A BYE HAEH . (Photo 3 =)

o A

AL ATt LA 300tonf &%) WHEANPIE AHEEtd 3
HE B F 47 Fo 4535, €83 %, HUF4=(Photo 4, 5, 6 3
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Aot
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IV. 43 23 2 ¥4

£3HE B4 4F Fo AFdd APAES 9 ¢4F A=, €Y A=
2 HAZAEE AFNET 44 300tonf %9 HEAY7NE AL
Ztzt FAS QY AY 952 ZadEY 48 43 FE, FAMNY =2
71 2 gAHE ARsRen, 1A% e ANFPE #EEI) 9
8 EdAed 54 A7IE ZAAt 4Y AAEE Table 169 42
EE, Table 179] €27 =&, Table 1891 ¥AAZEE ztzt 2 o3ty o),
di 23adE ZFE/ 200kgf/em®TH  400kgf/em®Q] EAYES] 4F ¢
ZEE 7Hzt 243kef/cm’T 434kgf/em’E AT oJE BoM BE

Table 16 Compressive strength of concrete according to size and shape ratio

A47dE | YFAF | WA (AFAL | ANEA2| AEAN3| BE A=Y

1 264.7 234 248 2456 | 095
10cm 15 2423 | 2506 245 246 0.95

2 249 2649 | 2592 | 2578 1

1 2066 | 2064 | 2075 | 2068 | 085
15cm 15 2168 | 22565 | 2216 | 2213 | 091
2 246 252 2305 | 2428 1
3527 | 4021 | 4172 | 3901 | 088
10cm 15 409.7 | 4403 | 4216 | 4239 | 096
2 4232 | 4355 | 4657 | 4415 1
1 3699 | 4102 | 3888 | 3896 | 090
15cm 1.5 4323 | 4101 | 3701 | 4042 | 093
2 4205 | 4504 | 4306 | 4338 1

* 714 ZEeE g 2 AYgAY ZEel e wE el

210kgf/cm?

400kgf/cm?




Table 17 Spit strength of concrete according to size and shape ratio

AR | 4FAE | G4 [ AEAL|ANEA2| AEA3| BE | A=A

1 18.3 207 185 19.2 0.99

10cm 1.5 199 152 19.5 195 1.0

2 209 | 187 | 186 | 194 1

210kgf/cm?
1 16.8 148 16.1 159 | 081
15cm 15 194 179 184 186 | 095
2 19.2 185 21.1 196 1
282 369 347 333 | 086
10cm 15 369 331 338 346 | 089
2 348 405 415 389 1
400kgf/cm?

1 315 319 334 32.3 0.84
15cm 15 337 354 36.2 351 0.91
2 388 40.2 36.6 385 1
x A7)A ZEHE 97 29 AYPAY Axd i@ vE vEd.

Table 18 Flexural tensile strength according to concrete design strength

b ! 3 S AEHFE | AFA 1 | MYA 2| NEA 3] H

210kgf/cm? | 243 kgf/cm?| 362 38.2 384 376

400kgf/cm® | 434 kgf/em?| 703 85.1 83.4 796

whoh Zo] MAY Ay d45d g wE 2Ee e} 1AL B
e, R4 Zrle] Gg LAAEY AR T4 Ao e
de B & Q. o5 AREE 2AZ Be BEoA 2 AY A4S
ge dee EAHYG.

1. K% 759 23 E4qA g48d wg ZFx |3

3} qERE

e QA AE7} 210kgf/em?Q) RE AR AT EC Yo
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AATh A B R aFo i AUA Fe FHo AFH
FAS A el 9@ dAE dodlE HAEAY 4FE e
getA ALg ZA7 FEE BEE GRIHA g AydE 0% e 4
Aol detd g 47 £ glen, §3 AF=d Algdte dF 4
Y 2ZAE AHEE SAYEE 3F TAUEY 3y F¥E AYn
AeE & 5 Avk T A FEE FEE A 9" Fuji
g AHE dolAEd & R F7 AL FIHLE AUE
Hol2EQ] B g Jo|A & Ao

Table 19 Companson of expenmental and existing results

| A9 dnd ow sAAS

R 1€ 23AT 1 10em A& 15em
20 10 10 10
15 096 1.05 1.10
10 0.89 1.05 117
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{a) Compressive strength of concrete according to shape ratio
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{b) Strength ratio according to specimen size under the same shape raho
Fig. 8 Compressive strength vanation according to shape ratio
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Fig. 9 Compressive strength variation according to specimen size
under the same shape ratio
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(a) Spit strength of concrete according to shape ratio
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Fig. 10 Relationship of shape ratio and spit strength of concrete
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(a) Compressive strength of concrete according to shape ratio
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(b) Strength ratio according to specimen size under the
same shape ratio
Fig. 12 Compressive strength variation according to

shape ratio
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Fig. 13 Compressive strength vanation according to specimen size
under the same shape ratio
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(b} Split strength according to size under the same shape ratio
Fig. 14 Relationship of shape ratio and split strength
of concrete(400 kgffcm?)
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Fig. 16 Relationship of compressive strength ratio and shape ratio
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Fig. 18 Slump vanation corresponding to lapsed time
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Photo 2. Concrete placing
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Photo 3. Shape of specimens

Photo 4, Compressive test of concrete
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Pho.to 6. Flexural test of concrete
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