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An experimental study on concrete strength
using crushed coarse aggregates from

Cheju island
Yang, Chang-Hee

Department of Construction and Environmental Engineering
Graduate School of Indestry
Cheju Natiopal University
Supervised by Professor Suh, I1l1-6yo

Summary

The concrete of good quality may satisfy the physical properties of the
worKability and strength before and after hardening, respectively. there are
many factors, the size and shape of aggregates, water-cement ratio, and the
strength of cement, etc. to influence on the properties. Cheju island is
regionally volcanic island. The coarse aggregates to be generally utilized
for producing the concrete in Cheju island are the crushed ones of basalt.
However, the aggregates are locally different chemical and physical
properties and these differences show different properties of concrete.
Accordingly, this study considered the properties of concrete by the
utilization of crushed aggregates from two places, Sangchang and Sangga in
Cheju island. Through the test of compressive, tensile, and flexural
strength with curing time, we obtained the following reselts.

1) Under the same environmental and construcrional conditions, the
compressive, tensile, and flexural strength of high-strength concrete

revealed earlier than the normal-strength concrete.

2) The utilization of admixture to improve the workability of concrete
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showed the abrupt hardening, and the placing time of admixture must be

considered in site.

3) The utilization of admixture appeared the high increment of strength at
the early stage, but after 14 days, the strength showed the slow increment.

4) The strength of concrete using the crushed aggregates from Sangchang is
higher than the one from Sangga. From the comparison of the rate of water
suction of two kinds of aggregates, we can expect that the Sangga aggregate
has a similar property to lightweight aggregate.

5) There are three kinds of failure shapes, which are the failure of
cement mortar, the bond failure of cement mortar and aggregates, and the
aggregate failure in concrete. By this experiment, the failure shape was
governed by the aggregate failure which is the failure shape of lightweigt
concrete, The utilization of crushed aggregates from Cheju island can lead
to the deteriorated concrete strength in the production of high-strength

concrete.

6) As mentioned the above, there are many problems to decide the proper
mixture to obtain the prescribed concrete using the crushed aggregates from
Cheju island. Accordingly, it is necessary to do more researches and

experiments in the future.
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Table 1. Variation of concrete slump according to hardening time

YA Syxol FA ¥ (£ cm)
(mm) 0 15 30 45 60 90 120
25 26.7 23.0 20.1 195 16.3 15.2 9.0
15 24.0 20.0 16.9 85 54 3.0 2.0
Z} 2.7 2.0 3.2 11.0 10.9 11.9 9.0




Table 2. Variation of concrete strength according to hardening time

AL £y U= A= (kgf/cm)

(mm) (cm) 1 F 4 F 8 F 12 F
25 26.5 276 374 427 506
15 24.0 331 507 513 617
2} 55 133 86 111

E
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18 h 4‘5 L\ 1§ .00
Times (min)

Fig. 1. Variation of concrete slump according to hardening time and

size of aggregate
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compressive strength (kgf/cm)

curing weeks

Fig. 2. Varation of concrete stregth according to hardening time
and size of aggregate
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Fig. 3. Stress-strain relationships for compressive concrete
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A R AERSA S ZAg3 O ael tiste] gol BW, FsAle w
ol WaF 29 Fo| Fojx ¥ HFAVNE REEF e EFAITh
ZaaEe WA, £F5AA 7AHCR ADES MFAAE AHE
e AR g3 PRI AZ2 YA FRFEe] dojuA B oA
ARME Izl $A Yol FEo o v ETh 37] ot oI
Axte] LS JAS T, £FAA YAE AN HEE 3= A
o] 44l ¥ AEZFAolH

Az 2ol RHPAAAE Foled, dol2d, "oyl S=
l, golgol} g0l FUBAHAY AS, AHNE U FRA FFHEH
A7H A o]FFolgE o] EXE UEhl AHE Ux EHE FAA
A FUF AaE " YA FEL whibg fFEIe FEoR ik
o]Zojxn, Hjoley T A AF, YA FAH Astdle Il
AR, BT ZAste #3A7 B9 BUAYE FaAdl= @H
Az BAE JFFAAAM RAko] o]Fo] Ao

agln AERSAE ZaEY $AANLE 2] A FAHE
25, AHSFS 9712 FAEF, 1 WY 23 dRel &2F HvhETh
AstL#(CaCh)ol £2F Frtse AS4E oy BHHEEM d3=2S
A7betA ge TARE AFA, AERFAZL ABERAL FFE oIF
ATt
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Qe Z23dES ZFAYL FARFERYG 3 A= HE AB
28Ul A&EA "tk BAdE AR 8Y F FriHE FEE FE9
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ZAYEY FxFAL AMES F3&xd ue GEXc=d A Al
Hu e ANES FAELE7L AR @3 Mol Az, =3} AR 7
A~14474A 9] ZFxFHo] 71 FA3In 2F AR 197AE e 4
g3l F718t7] dE AH 7Y F=2HE AY 89 BEE A5 R
< odT t%o], F& EANENY ZFYUEE T BANENY 3
g Eo vl3lo Fx FFo] I3t F, X BAWEH 9 I YEA
AME QJAEo] MZ 7t7to] QoA Ao Yol vf FAHIA ¥
4% 7] WZojth o] o 7d ZE2REH 284 F=E PR A4F
3717 A gL Aol

AP F=stel T3 Je] AFAAVL FEX 7] g, F9
THE EUE 293t A o g

fr

fu=fq+8Vf, kgf/cm?
A7 fu = 289 AANZE ASAFECkef/a) S, {2 79 YZ7HE(ket/
adE uveldth a3dm 289 Ao Ui HEANEZIAYES AP

473 =2 o3 Table 3& ol &3 5313),1996).

Table 3. Relative strength ratio with 28-day compressive strength

A% |7 149 | 28d |38 |6Ad | 1|29 |3
Z=8l | 067 | 08 | 100 | 117 | 123 | 127 [ 131 | 135
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7h ARE
E Ay ASE ANFEE SHALY BHE XEYE AMERAM SIHA
ANPATLAM AT ANES E2F 4L Table 490, 333 Y&

Table 59 2tz vdehiz Ao

Table 4. Pysical properties of cement

. Eor AT 32 Azt 4 A=
T (/) | (%) |2AE)|[EAN|3 4|7 ¥ |28Y
e
] : 2
A5 3,140 0.13 275 06:55 187 79 365
KST#2 (2800014 [0.8013} 60014 |10:00013} (130014} {20014 [2900] 4

Table 5. Chemical components of cement

2w SiO2 Al2O3 Fe2O3 | CaO HM |S M |LM
S laagh (g eh|(Area) (M 3) (248 |[(FAH) |[(H 8)

HA%) | 20~25 | 4~6 2~4 162~66(1.8~24 23~29 |1.0~23

—0.7%
i) H.M.(Hydraulic Modulus) = SiOifAlgbz +SF(():203
S.M.(Silica Modulus) = A]203Sf Fe,0,
Al 0

[.M. (Iron Modulus) = Fe 0
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Table 6. Quality test of fine aggregate
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Table 7. Sieve test of fine aggregate
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Fig. 4. Sieve test curve of fine aggregate
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71 HFE KIS 2¥E 2 72 TR BH, 3ate] 9 REd
RFkO)7E g AFY(HMER), stT(ko)Zt e T2, §F Hio
Y UAY, a2z 9483 UAdo] o] 3 E3d¥o] Ut

AFzo ANFL F2 ZUGEHES) S ZHUMIGEERILE) 130
7 o] F 250%F~300%Hd M AANEENR) L] FHM BRI 7)o
&3 e Holg Olivine 3 HFM(ERE) T HLEFERY) S
o3 7AEALH, Olivine A BFHZRE)L EF dFA(SAR) £
FAAAEREGE)E Jeldth I F FAXNFCKILER A o5 JFait
7} 36099719 Z|AAHFEKXIUDEAAN 28 FAGCkILE) S HEY
(ZRE), TUGFHEEER), ZHAMER) MG F@ERILER, 71483}
AEEXILD EEFEQ FAHAHEAHAYFKERMERER S AT ®E)
2 o] FojF .

HEAF(EZRER T 434, JHWA), AFHEZRE) S "AEE =2
3t AFFHGHREA) 7Y 7Y, AN EFA@ERMEXRE)
2 HEFACGEEAR) ¥5<, FYFEE FFTY Folu, AA WA
%B%ol4e EXE Holx (MR, 1985) '

2) A4M == AH

EA QEE vt} 2ol AF=UY IAE A4 EFol dEY. maA
A AF=HAM Z2YES HAHZSAE AL U= Foe 15F0]
lom aFol b3 gol A4k AL A7t ZIA} ¥ 2IHE A
g3l dY] A2 AHsReH, A AY4A AAE Fig. 59 2o
Zt A9 AFH AL FEAA £ F Uk
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Fig. 5. Locations gathering coarse aggregate




3) A 2 =4

HNE NEH F5e, F4eT A4, AT QNFBED), BIS
AEH2 AA g, vET B98A F o] oh( F38,1994).

AYg 2SAHE TA IV BmE VTS sPon, B AT
AR A8 ZIAS uF, F5¢ AAE, 298 2 AlE NYe 3§
T ol £E@Y HEHA ANV 5N AAHE 2T TA
Bl W&} Table 8 Table 9, Table 10 % Fig. 6, Fig. 73 #t}

gutF oz v Fol IW FH ol AT YFAe] An TAIYE vy
$HEFo] AL TP F5eol 2 FAE ZAYE HYA oln F4
Hol e 29 g%y mEet22 Feuel BySsFo| Z74sy] i)
REE2 Ao FEE A Y, Bty 2IAE FEx APk
$A2283), 1994). AY A AL ZIA ¥F F5E L UL 5
o] KSTHZd AEE Ao Uegort 42 Ex 2 4327 &
Ao WEHY 2ol vs ¥FH 2P AT F5 g0 A Jeh
T o] FEY A} 4= JALe B FUch

Table 8. Quality test of coarse aggregate

T ¥ vl F &%) | 4HE&(%) | ZHELEFEM)
4 7t 2.68 1.87 63.9 6.46

3 % 2.68 1.60 61.0 6.54

¢ @ 2.61 0.84 58.9 7.13

3T 9 A 2.64 0.78 59.3 7.09

= A ¢4 2.72 0.49 56.6 7.20

A z 2.74 0.67 59.2 6.79

¥ 4 2.60 1.02 574 7.13

KS w24 2.5 o4 3.0 oJ3} 60~65

-



Table 9. Sieve test of coarse aggregate from Sangga

Ao EAAF(m) | 25 5 13 25 0 | 2HE
ZA 9 - (%) 0 2 52 100 100 6.46
BEE 9= 0~5 { 0~10 | 25~60 |95~100 | 100 {6.3~6.8

1

Passing percentage
in weight(%)

00

80

60

40

20

255 13

Open of sieve(mm)

Fig. 6. Sieve test curve of coarse aggregate from Sangga

Table 10. Sieve test of coarse aggregate from Sangchang

A TAXNG(mm) | 25 5 13 25 40 Y&
Aol THL(%)| 0 2 44 100 100 6.54
BEE U 0~5 [ 0~10 | 25~60 [95~100 | 100 [6.3~68
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Fig. 7. Sieve test curve of coarse aggregate from Sangchang
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&3t

2. N¥EA Al

B ARME AF ARG AN ZTAE AL A% 23S
A8A - 3ol ol Jge NAEIIE Yol HE o] F BAHolT, @
ZA7h 23EC ML 9% A4S W4E AUAS AR AYL
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oo FA7} FIYE AAd vAE IS nHFAS. AFHE 13}
o A AME AR, BERT £3ES 1AE TIAHEY Frws
2L AfFo] e WIE AY WFE AU

Z230E gL AFdta F2AEA LAY 01m &FY o] T2
JE EFN(LIRY ABE AHE3t AAPTh Y EIJE EY
Foe £ AYE dRen, BE EHE FLEEF 10m X 20m EFE
FAA, B 2= 2AE Y8 15em X 15em X 50cm A AFHE AHE3)
o T3 F ZA gAEAA B F 24417 FHoll P (Capping)S 33
on 3Y ¥ AFHEL AAT £F FAL A

AHg 232 E9 HiFEE Table 119} 2o ole} 72 wWijo] 93
% 128709 AEAE AFETh AEAY dFEES Table 120 el
At

Table 11. Proportion for concrete mixture

AAZ = 2918 A3 F( kef/m®)

(kef/cr) L NN RS U p—
210 190 333 998 818 % 7
400 184 514 991 691 2

— 94 -
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Table 12. Summary of specimens

= =] 1::}.0 A

TSRO I . e e S ] 2

MEW | 2E2 | EVN%) |(kef/m) [T A
SG-L-AE _ Arg
SG A7} 57 333 AT S
— ¢ o. Y2AE, A%
SG-H-AE Z3A _ A& e 9 A=
- 36 514 = ©
SG-1T |z+AA AAHE M2 pEEtn
SC-L-AE |72 . - ALE [0, AL 39, 7
SC-1 A% o MALE %.ﬁlg}%} ‘;j 2892
SC_H_AE —;I-L-:‘E_LZH % 14 A]_% :TLV_‘G 01 éﬁﬂ—ﬁ'
SC-H 2 oA

C-5SG-L - AE

L #a4 Agogn

AEA A9l gl AER EASIR 2
AHE e ARME Q] 0.25%%

Z3dE JEFY= .

L = 210 kef/cr
H = 400 kef/cx

ZEA AHE TR

SG = A7t =&
SC =A% ==

B &

C = <¢27}r=(Compressive strength)
T = <A =(Tensile strength)
F = ¥ 7r=(Flexural strength)




3. 4% Oy

VA e A

A= A¥LE (FHUHIFY AF22 £F 100tA TFAEY
(Universal testing machine)2 A#3to™, Z AHAE 3MY FH3}A
3 PAANE ASAEE YA & A AL BEAA AR
o2 B F It

U A3dE &%

ARAA=( ) BB =(Split strength)2 FAH3AT Ao 2=
=0T APE BF FAAE tol& Atold 7193 A§ WEe e 719
st FAIASY Y45 HEH 7D L9 1720 W3t oF Skef/ord] £ 2
372 718t @FEAA ol o) A=k

( __2P
*»~ 7D/

2 NPAE Y 2HT 1 YEA2 AFFES YIS 993
£ AY 3AL 224 Aoz B £ Atk

o 8 3= 54

Zaee ¥ 2= AYL FTZAFAAN o8 APAEOR Uen
o 2587 s%o 9% ZaJed B ZE AY PHoE FPsHAL
Z AgAE 248 A%, d¥stel, 1 WFAZ ¥ FEE Ushiged,
8 3% A% HEE BRA Aoz B 4 Utk
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1. 9= Ay Az

ZIYE £HIT AYd AHSHE &7 4D 10em, 3Sd A 20cm,
%¥0] 30 A £UL Z(Cone) 22N §719] 1/34 ANA 2 A 16m,
o] 60cne] B2 253 ThAWA Eo] ZIYEFE AL A HA
3 £HE Z& W F £PIFE AU

<dx AY ZAE Table 137 Fig. 89 K893ttt EAANEH]S]
57%°l8 A& AL8EA @ AEA SG-L, SG-HY £¥{EZ<E Tl
o} 78z YEN}I 1o, FU EAAEH A AFAE AHSF AEA
SG-L-AE, SG-H-AE9 €3 2= 123cm, 135cm2A ZAFASE ALE§31A %
€ ZA%E4% ZA JeEigd sErlE EANENZE 36%A AIEA
SG-H-AE, SG-H, SC-H-AE, 'SC-HAME A Agoz &d=s}
Z7tEAE F, A Aoz AFAe] FUHEE B oy, A5
Aol AHE fFo BAGel EAHNERHZ 57%9 SG-L-AE, SG-L,
SC-L-AE, SC-L AlgA7l EAHMEHS 36%<2 SG-H-AE, SG-H,
SC-H-AE, SC-H A @At €327t 24 velgc £ 59 249
End o AFZEANE AHREe Aot B7tEREAE AMSdteE ARt
#ArAle] AR fFol FAGC] £HE gho] ZA JEdT Jo] AFEE
AE AHE3te A97E Aol FUE S Holn Ut o] AAZEEH 7
FA 9 ALRT BEANENTL & B9 AT FEFS Holu, B=
o] A7t =Y o] thg HlAM mt

Table 13. Test results of slump value

SG-L SG-H SC-L SC-H
AP AT & SG-L SG-H SC-L SC-H
-AE -AE -AE -AE

@z (em) | 123 | 7.1 | 57 | 50 [ 135 | 78 |117 | 60
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Specimens

Fig. 8 Relation between specimens and slump value

2. AP & TIYE BE

Z3JExE BEF BT F AZd w F=rt $HHY, FHHLS
2 ZaEeY HAVIEA=H L 4F AFZE=E YU & 4d¥d
ME 39, 79, 14Y, 899 A #E TIHEY YFAxE, E AR
ZE, 974x0 g &3 ZHE Table 149 8.9%3tdth. & g2 o) 49
Aol AEA 3709 HAgE vepdin, A¥ 2 49 AHE dE 8
o3t ATt
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Table 14. Test result of concrete strength

@HEHTF .| BT | BEQ | BT
Ay A e (kef/m’) ?};‘; 275 | AR | RS | ¥ =

2 |AmE| 2|2z (ket/cr) | (ket/cnt) | (kef/ct)
311043 | 123 | 201
SGL-AE 7 11889 | 222 | 339
T 14 | 2178 | 247 | 405
3| 560 9.0 9.0
" 7 | 1476 | 148 | 302
SG-L 14 | 1621 | 173 | 413
28 | 1890 | 224 | 425
3] 681 | 127 89
o 7 11621 | 196 | 293
SG-H-AE 14 | 2873 | 277 | 537
28 | 3224 | 320 | 632

184 | 514| 691] 991
311689 | 196 | 327
712315 | 267 | 426
SG-H 14 | 3078 | 290 | 570
28 | 3275 | 206 | 631
3| 984 | 148 | 320
7 11174 | 168 | 335
SC-L-AE 14 | 1529 | 189 | 431
28 | 1970 | 237 | 461

190 | 333| 818| 998
3| 575 90 | 185
7| 95 | 136 | 298
SCL 14 | 1594 | 241 | 428
28 (2170 | 281 | 501
311572 | 179 | 473
7 | 2043 | 298 | 550
SC-H-AE 14 | 3259 | 363 | 593
28 (3486 | 391 | 708

184 | 514| 691| 991
311804 | 20 | 349
7 | 2425 | 305 | 415
SC-H 14 | 3049 | 329 | 609
28 | 3690 | 335 | 647

3
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£3YEY HAVIEFEE 28Y YEFATE 7|E22 Faglenz A
He 3Y, 7Y, 14¥ P 2892 #Z RIS YrizSAe} FF2ITA
AP g GF7Fxe W a2 BF ZIHESG 1T TAYE
el APl e FAxe HE AP =2F TS WM &
FAE H7 AHEHAE Wt AHEEHA olUIAE e A= ¥MHE v
st

D APl e ALE ZTIAAE GFFE WU

Yuirow FTaAES AYP AHFL 28YL 7IFoz HA VE =Tt
ARt B AgoH:s Z3E AT 3Y, 74 & 4U9 dFAEE
2435 AAZIE AE #H FolE FAHINHACE Table 14914 HE Ht
o} Zol dA HAZREs 210kef/cm’e 2 uiF MAY APA A
T +10%E9] He 2 HAUAN AEZAEE AT v oA
AZE  400kgf/cm?* 1A= ZIYE HAME 20%HE AP =l
Zo3d & B § Uth ols FAE uY], APAY 5 & F UL
U, o] Hule A7t EA FFZEA FTHEAA AHEEE dEAHA
ZZA vl& HFH =YLl H& WwH FF 8o Ay AFk BT
HH Ao Axatet TAHESY AHFM 25mme A9 Ahgo] BAA
ez 1 Y9UdL & F Utk

Fig. 95 1B§ 7= Z3ES 174x FIAHEY ZE Ld =&
v @atgch o] 2P XL AFoZ I3, YEL AH 28U ¢FH
T(fck)ol g Z AFE dFFE(fe)d v & (%2 vebdth I-eA
HE ulo} go] U AL RERE EIIE HEY nPE A
EdA Z7)d A7t HEES B § Uth TF, A7 TAG FF A
o] Aol el 2 ZE B3 Fxole 1 A Aolg B F Uk &
A, C-SG-H-AE Al@Ald] izt 4% Zxe &3 ZAAc o AFNEL
Z3YE Ao HHEF A ga Fr/ LAt Fx FHA
= w¥Eo] AHA(Y] WEolzt AteET
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1) Concrete with admixture

i1) Concrete without admixture

a) Concrete of coarse aggregate from Sangga
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1 ) Concrete with admixture

i1) Concrete without admixture

b) Concrete of coarse aggregate from Sangchang

Fig. 9. Compressive strength according curing days
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2) E3HA AHg F20l BE AU FEFEte) BA

EgAE 2 AHEEAC g 1 §=& B ok B HdAME AlF
4 ZUE 3oz AEEHAY 28u duFoeR EFAY AL AT
e FuAd £ JHTFE EIAE AMREA ¥e FeEg F2HE 4
o] glemz ugAZte] F7I3MH 3 AlFAel Fdts Bl U
o £3, EFAY AR B9 £FE F2AYE A dEAd FExd
HEe ERAS ALEEHA 4L ARt F743 LdEEE 4FE AYx
ATt

Fig. 102 &34 Alg oARel wg Z= 23 Jehlix gt o 2
Holld XZ & AFez 3tx, Y5 AF 28U ¢FA=(fckd W z
AFE GFF=(f) H&(%)Z JERAT. IYelA Ee vieh go] E
A9 AL EFAE AL ¥ ARt 24 FErt §43 ¢
e FHAE B & Utk F, EAA Y ALRL FY EANEH A dEA
T 7] 4=t 4ddn.

3) AHE 2EA ©WE AFFH A= BA

A AFF uig} o] AFE] ZAE Qe wat I JEEol HE
o el 71 Bol AHg3te ZAER AR U AL A A
o AHgol wWE F= WE FAHSAUCT Table 149A 457 4FZEE H|
s B o 4% ZAF AR Bt AtEEAE AHESUE Y
Bt & 42FE=E 1A A TIYEFA F66% ol AATH
W AF FA7E A7 A HlEt o & AEE AdE ¢ £ U

Fig. 11& A%l we ¢&Z =9 ¥ Fol& ez Ut o 1¥
dM X%& AFoR 31, YEL A BY FFF=E(cK) N AW 4 A
B A2ZE(fo)d H&(%E Jeidth IHAM F= I8 FRCAAME
233 47k FAE 27 A= 4¥d fA¥E E 5 AT

- 9 -

(o7



100 100
OE W
Y 80 |-
70 F 2k
R O 2 @
3 of g of
L Dp- o OE
2 2k
10 |
ol
0 10 P Y 0 10 2 D
Days Days
i ) Normal strength concrete i1) High strength concrete
a) Concrete of coarse aggregate from Sangga
|——C8CtAE- ---C60+]
100 100
© D
0 o
) )
) X e
%o 3o
s © S ©
k) k)
2 D
10 10
0 obe
0 10 Py 0 0 10 D k'
Days Days
i) Normal strength concrete ii) High strength concrete

b) Concrete of coarse aggregate from Sangchang

Fig. 10. Relationship of curing days and compressive strength

with or without admixture



——C6GLAE - - - ~C-8CAE | ——C8G+ - - ~C8C |

100 | 100
0 D
80 80
7 .o
® 0 ® @
Y s 2
S © s w
k) K"
20 2
10 10
0 0

i ) Concrete with admixture i1) Concrete without admixture

a) Normal strength concrete
1 —0oGH -4 -CSBH [—“C‘&}H-AE" - - CSCHAEI

w h00]
m m
o &0
§ @ R @
s go
2 4 S
2 K¢}
» D
v 10
0 : 0

0 © » o 0 10 D D

Das Days
i) Concrete with admixture ii) Concrete without admixture

b) High strength concrete

Fig. 11. Relationship of curing days and compressive strength

according to gathering location of coarse aggregates



U AF=

gaeEs IYPEE VIAPPER FRHYUT. 2ase) g
=t gumoz iy HABthea2et 196). 53, APPEE
3 E F2EAAN 299 e B U waAN B HNE
Z Aol mE 2aEY AP WS Hetsch

D A% mtE ALE ZIYE AJYE W3

Z3YEY AR =T AEZ = RARE L Helth Figl2e =
T A=Y 23ES) 174E EFYES AY Fx W P g vws}
At o] 2PAM XS MY 3y, YZL AH 289 ZIYES
A= f el A 2 AFE AFZ=( )9 8 &(%)2 Jepdch
TYA B vhe} o] Z7] A 7|zt AR F=r FH3] LAHA
o}, AZke] B Fo uwhEl wHo FEvt Sugs & £ itk I B
d 27 HEAT FAYE Hdd 13z FIYEV} AFFEY
o] z7]d ojFojF L B F Ut

2) EZA AR FFo @B AP AFF =] BA

4N AFH vieh go] AL AL AFTAHY FUHE BHo2 AL
sdem, EHAe 444 FAY 92 R 27 ZE UL =AY
Fig.13& E314 Alg ool de Z% $3de vehin itk o 1yl
N XZe Aoz &1, v2e A 8Y TaEe ¥ AYAE
(f o Ba 2+ A28 AFZE(£)9 HEHZ et 2PelA
WE vl go] EBAY ASL ERAS ALFA Fe AeuTh 26|
A7l 348 SUHE 248 B 4 AP 58 EaAE A8F AS
o ok 79% o 0~80% BES UF FEE BAT



T-8GAAE - - -

T-8G-+H-AE |

-

tt/t_sp(%)
coR8EBB IRABSE

t/tsp(%)

B8B83 83888

Days

i ) Concrete with admixture i1) Concrete without admixture

a) Concrete of coarse aggregate from Sangga

[——T6Ct -~ -T6CH] [——T-8CLAE - - - T-8C-H-AE|
10 100
DF o0 F
® &k
n 7o
7 0 7 ®
X )
o S %
0 DE
2 20k
10k 10k
0 0
0 10 @ ® 10 7. 0
Days Days

1 ) Concrete with admixture

b) Concrete of coarse aggregate from Sangchang

Fig.12. Relationship of curing days and split strength of concrete

i1) Concrete without admixture




e | [ e reen
100 100 -
o b 0 |-
&0 k- & F
ok 7k
R OF R OF
‘g 50 b :_9] 50 |-
S 0 s 42
2k o
DF 2
10 b 10
ok 4 ok .
0 10 2 ko) 0 10 2 0
Days Days

i ) Normal strength concrete

ii) High strength concrete

a) Concrete of coarse aggregate from Sangga

(——T-8CAAE -~ -~ T-6C+ | [——T-8CHAE - -~ -T-6CH
10 100
PO F %)
& F &0
7 b 70
g 60 |- g &0
§ op 2 50
= wf Z
Pk 0
2 20
10 | 10
0 : 0
0 10 2 0 0 10 20 o)
Days Days

1) Normal strength concrete ii) High strength concrete

b) Concrete of coarse aggregate from Sangchang

Fig.13. Relationship of curing days and split strength of concrete

with or without admixtures



3) AHE ZEAC e APFH AFT=Se] BA

Table 149X 4F AAZAEE vy A ¢F ZF=de {ARBH
A% ZAE AHEEHUE B ANEREAE AR AeEg &
FAEE BAth ol 2IYEY AFAFEE iy v BAA Aoe
71E9 A9} FAFE ¢ & KT HEF383,1996).

Figlds Aol e AR W3} Fo|g Uehin ot o 13
AN XFE AFSR 331, YHELS A% 28Y TAYEY ¥F AZL:
(ol g Z AFE AFF=( f)9] ¥ & (%2 JepdTh o] 2 ellA
ZE 4d 2HdME d2AEte 2 A7 AU A% SAE AT
e A9 FABHA IPEL B F Ut

_3u-



T-6G-L-AE - - - - T-8CL-AE ——T-8G+ - ~~T-8C+

100 100

%0 ®
80 | 80
70 n
7 60 2 &
B w0 8 =0
s 4w S w
£ '
20 20
10 10
0 0

0 10 Py kY

Days
i ) Concrete with admixture i1) Concrete without admixture

a) Normal strength concrete

T-SGH-AE - - - T-8CH-AE] [——T8GH--- T8CH
100 100 ¢
20 o F
) 80
70 ok
7 & y
:_9: 50 E 50
Z 4 s 40
20 s
2 20 F
10 10
0 ok
0 10 20 2 0 10 2 )
Days Days
i) Concrete with admixture ii) Concrete without admixture

b) High strength concrete
Fig.14. Relationship of curing days and split strength of concrete

according to gathering location of coarse aggregates

- 20 -

v



1= 2 AR

ZadEee § FEE 7129 A7 AHEC A YAFES KA
A Viaol MaABAN ATHARAZ3),199). whets B Agolde 9
A A¥E B IAPER B & glon, AA AFTE B AL
W, 22 IYYEE TE ARFES B FE2 st} ALgET)
2 HAME Foln wisd M zaey ¥ 2T WE BT

D Aol ot A8 T3E § = ¥

Fig. 15 B% Z =9 ZadEes 173 x FIHES A w3 A
E& HadHch o] 2P XFE AFR 31, YEHELS AP 28U &
AYES P ZA=(f)dl g & AFE 8 F=( f,)9d ¥ (%2 Y
doh adedA Be kel o] 7] FA 7 8 Fxrt F43 Ld
HAdou, Ajzto] BE uel HHe] =t AWEE ¥ F AT EY,
F2ATY AARTSE B FY 2HY BE FadeE 1P: 3
ZEZ ¥ A=y ¥ FxE FAEE B & Uk

2) EZJA AR #F ©BE ABH B B A

Fig162 &3} A ALE AR @& Fx= $dS ez 3o o] 29
AX XEHFE AFCZ 33, YELS A 289 TIYEY ¥ F=( fp)dl
e 4 AFE 8 A= fp)d B2 Yeidd. JddA e g &
FA=U AR g EAAFE A B9t AT 2604
Z=7b 2A etz JAFE & F At ole AEERAE 77 YA
2H Z3YE YR 7] Il g3 AlFAo] FHEHA B ARAE=E
FAANIE Aer uddEn



——F-SGHAE - -  F-8GH-AE
100 »
D |- s
O
70
R
S 9
£ 0 pry
k) -
#
10 bidis
ol
0 10 2 k¢l
Days

10 =
“ .
wr
&) >
T
0k {
_ y
¢4}
5 ol
k) b
/
D
10
0
0 10 2 o

1) Concrete with admixture

i) Concrete without admixture

a) Concrete of coarse aggregate from Sangga

| —FEtA <o FEHA |

th/1b(%)
coNBOBBIBBS

o
3
<}
8

[——F-8C+~ -~ F-6CH]
100
o
80 fo
ol
7 of
5w
2 o
o
m :1
10 |
oL
0 10 -4 &)
Days

i ) Concrete with admixture

1) Concrete without admixture

b) Concrete of coarse aggregate from Sangchang

Fig.15. Relationship of curing days and flexural strength of concrete

AN
—



3) AHE XA e AP B Fxoe A

Fig17& A%dl @& § Zx=9 w3} Folg Yehlz Aok o] I¥e
M XEE AB2R &, YES AR 28U F2EY ¥ F=(fy)d Wt
3zt AYdE H AE(fp)9 B2 JdEdth OddAM Fx @
ZdolAE 4% SAE AT TIYHETL A7 EAE AHEE 23 YE
2oy 274 § F=§ SEFES ¢ & A% 22y, 4dFdAE AY #
AL %S B 3o



1© 10
D o
0 o
0 )
RO RO
S g S
2o 29
ko k)
D D
10 10
ok o
0 10 D D 0 0 D
Das Oars

1) Normal strength conerete

i1) High strength concrete

a) Concrete of coarse aggregate from Sangga

[ ——F-8CH-AE -~ - -F6CH] [— FS0ot4€ - - - -F0t]
100 o
Q0 D
o )
70 0
® 6 [N
3 % X
2w 2o
k) D
-4 D
10 10
0 10 P 0 0 10 D
Days Days

1) Normal strength concrete it) High strength concrete

b) Concrete of coarse aggregate from Sangchang

Fig.16. Relationship of curing days and flexural strength of concrete
with or without admixtures



FSGLAE - - - -F-8C+-AE |
100
30
80
70
g 60
£ 5
2
30
20
10
0

0 10 2 30

Days

—

fto/tb(%)
c 38885883888

i ) Concrete with admixture

i1) Concrete without admixture

a) Normal strength concrete

——F-6GHAE - - F-8CH-AE |

—_

ftb/tb(%)
co 3888833888

|——F-8GH -~ -F-6CH

10
)
&
)
®
S
2w
1)
)
10

0

0 10 0 ")
Days

1) Concrete with admixture

i1) Concrete without admixture

b) High strength concrete

Fig.17. Relationship of curing days and flexural strength of concrete

according location of coarse aggreates

N



ZAYE<C 73 - Fo AL A3AH R A=E ez FHH
AM 53 Ai7E @ & Utk FIYEE ARE, 28, Az @ & X
< Had gaMe EJAZ FAEE FHAAER o] FA AR 74
Hlo mat 2 23 H4AS 28 o 53, AF=e 242N EF
dAo 44 ALREH, iF FAR o AHmitk A FAH PR
R AAS 2y Fos FTIYEY HFdx & I¥L A e ug
2o @ty 2 dFdMe A AFH L, EFAY AR /7 R A
Foll & FIYE A= ¥ FAHA HAAL ¢F, IF £ A=
g FAs oo 2 ZEBEES AU

() Aol BHE BFFE TAYES 1PE TAYEY 43, UF % ¥
FEE 24 A%, $Y 249 ¥ TAYEd B 13= 237
E7} 27 ZE7} g@sATh

(2) EZAE ANTHE FHAE EHo2 Agste vl E3A AR /7
o wat AlgAded Aol EAT Y EFAY AR FIAYEY F
2 As e BYer AT gloide AL A Al71E AHAH3
a2 ejstefoprt Ft

(3) APl e E3AY AR 7 TIHUEY &5, I R FE9
LA EZJAE AMEY ASd 274 Fx L¥Ho] o|Fo Hen o 14
dFde &3 F= F7HE B

(4) AFo e I HHZL WE FIYEY 4%, AF % A
o] LY Fole A EAE AT TIYEISL dFe R IA Uy
o &, 3% SAE ALY FIYET AUt TAE AHRE I YEJ A
o] =7t A vetscH, 2 438 st #F AT 47t EAR
o &€& FAode AN &F71 et o9 A FEAtd Y]



AFttx Alg®).

(5) Z3E B9 FFozME O AWE Ho|2E B3, @ A4 R
dAojxe] B w3 @ FA A A FF7 =sd E A¥ 24 Z
AYE FAA GEFAT AFAA ZA e Fdo] dolnrh olF
HAe RERE ZIERT 1RE ZIHENA © AEA vehgd
olAL ZAF ZAYEAMNY B £ U otk EIAYHEFA ZA}
AA s vlgo]l oF 66%0ld Y& FAFHE AF=AHY BFL =F
Aol EAA ZIYES AL EA7 BF3e FFol Tt A7t o]
g 323 AdA R37) dEclE AlREHY, 53] AFz 5 44
ZEZAE A 1= E3AEE A A e Be o
T7} Ha3ittn &

6) B gL AFzoA ZAUEL A ZSAE 448t 15 F 7L
% ®o] AA FFT Ae ANEAS FFESAA F X ddtdq A
2 F9 APAE nAIAY, oz AFTAM AisHT e BRE
EAS gz B Zge dye daAgo] g Aotk Iy B
A9 Ade AFE M ZSAE o83 AT TAYEC i 7%
A Ag7t B Byt ol AFdx FE3 dgddE & o wdd
t}.



EAR, 1980, “ZAESY A YA nAs FIALY G G
A7, @3d .
THAEA 19%4, “dd Y2E ZIHE BAFI} HAE”
T8, 1994, “EA9 FF ¥ FAEYH 2aYE 4T AWE/EA
ZES FAANE 9 2, FFEIYEYS, pp. M-40~41.
AR, A8, HEF, 1994, dFA8%, 29, pp. 118~217.
A A, 1983, AHZZTAE AHSE ZIERTO FF A A7,
-8 ML, Ho KB ABB, pp. 26~49.
SAR, 1985, “WHY XLUFHE TIUEL FAZ A1E37] 9T KRN
B LB WM, ERASE ERABE, pp 2~6.
A4 1996, “F2Z3YE F J1ED.
£%W, 18], ‘24T AFAE AET FI3EY Az diFd A7,
WEA AR, tRTSH.
£FA, 1973, “E3E &AL 23YE HAd ne I,
A28 3 A A17@ A53%, pp. 3~9.
NFAZ3, 1994, “SFAE AAY 4% 2 ZIYE FF R
A", 71T
A3, 1996, ‘TR E-144F FIE A AT 9 AA”, 7189
FER, 1978, “BARHME AHSS 32 EQ Fxo #I AP,
HAXA A8 A, pp. 315~323.
HAY, 1994, ‘24T TIYEY] AT TH 483 uel, HuER@T
HolZ FAH3), pp. 27~35.
ANAL AT, 1987-1990, “TAE, 53 R HRIIAE 72zt
QA 4o FF A", FrieA . oA (1) (O)(m).
A8, AEF, AT, AsS, 839, oldHy, vh34 1998,
“AEHAFE BT, pp. 202~264.
BFN 1986, S 5o 2aE #R % EAd vXc ¥l
oy #% A4dv1e A7

o



LEE 1994, ‘AT TIAHEL WA F[HA T 4¥H A7 U@
2%3%3 =&31.

EER REMK, 1982, ‘BMEZIVE g I 4¥F A7, HFLF
33 x A|267 #1053, pp. 59~64.

£719, FRE, HAZE, 1995, dFAF =3 A11AA3E,
pp. 165~172.

TAM, 1980, “FL T 47 E2IUE Fxd FF IF,
s ke l-ie R

AEY, FE2, 1980, ‘A Mg 49" FHESAL

AU, 1980, “ZAAUE TES 27|15 BY A7 HPFAFI.

AU, 1991, “4F ZIA U723 % EFH LA 94 TAUE FEY
ggfo) B A7, UFAZFYH=FH A7E A33 pp. 297~306.

FAg, 93T 1992, “SolHEAA FIIYE M4, FITIYUE
g3 # A4A 2%, pp. 45~51

AYY, FHF, AR, dEA8 4%, F4EBAL pp.150~251.

AL 1987, IR E AZITAYE FZ, Y EAL

FZEFEFI, 1991, ‘2T FIAZE 483 A7 KCI Report
No. 91-01.

®TFR, 1980, “TA7} E2NE @4AF e T #F A7,
g3 g,

AL ATA, 1995, ‘13 e ZTAYEY 4&3%E A Ar/FE
Ad 2 471y E+7, 9IMTROL

BeeER 1979, “Hi &k TAE WA &8 A7 pp. 1111

KS F 2402, "Testing Method for Slump of Portland Cement Concrete”.

KS F 2421, "Testing Method for Air Content of Freshly Mixed

Concrete by the Pressure Method”.
KS F 2405, "Testing Method for Compressive Strength of Method

Concrete Cylinders”.



&

o3
byl

N
<r



Photo.- 1. Gathering fine aggregates
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Photo. 2. Gathering Sangga aggregates



Photo. = 3. Gathering Sangchang aggregates

Photo. 4. Concrete placing for slump test
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Photo. 5. Slump test

Photo. 6. Capping of specimens




Photo. | 7. Concrete; curing in water

et Y

Photo. 8. Before compressive test
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Photo. . 9. After compressive test
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Photo. 10. Compressive failure shape
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Photo. 12. After tensile test
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Photo. 14. Before flexural test



Photo. 15. /After flexural -test

Photo. 16. Flexural failure shape
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