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A Study on the Sulfate Attack of Concrete
Using in Crushed Aggregates

Kwang - Yuil, Kim

Department of Civil Engineering,
Graduate School of Industry
Pukyong National University

Abstract

Percentage that aggregate of materials that concrete composed about
70~80% of whole volume, therefore influence that quality of aggregate
gels In concrete characteristics are very important.

Recently nature aggregate of good quality that is accomplishing main
current until the mid-1980s by fast growth of construction field along
with economy development is run dry almost, is real condition that is
alternated by crushed aggregates that is produced in stony mountain.
Coarse aggregate is supplied by crushed stone that more than 94% is
produced in stony mountain, and fine aggregate is river sand, is sea
sand, is land sand and it crushed sand of stony mountain be and so on
from various aggregate desire supply.

By sudden exhaustion of nature river sand, crushed aggregates’
amount used is increasing rapidly. Furthermore, according as picking of
sea sand is prohibited totally, amount used of crushed sand is
increasing.

As this study is to test effects of sulfate attack on deterioration of
concrete using in crushed aggregates. Besides tests have been carried

out with concrete by river sand and crushed sand by fine sand,

-V -



concrete mixes various proportions of slica fume and fly ash(up to 15%
by weight for cement) were prepared and immersed in pure water,
sodium sulfate solution for 28, 60 and 90days. Test on the change in
the weight and compressive strength of concrete according to the
duration of immersion time and the content of slica fume and fly ash

was performed.

Key words : crush sand, blended ratio, sulfate attack, Korean Standard,
slica fume, fly ash, slump, air content, fresh concrete, unit

weight, compressive strength, harden concrete
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Yokd g 93 Fader £ 42 (mixing capacity) 604 5
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of WA FFM(FErY L JFEAAD, AWNE A, HeEAg Lo

= PAol Rlste AN S AN B MES DA SAER A S
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¥ 7 Slica Fume2} Fly Ashef 22| - 318X &4
g= HEHA
adz el FHE
EF (em/g)
Slica Fume 2.2+0.05 +d SiO2 15,000 ~ 30,000
Fly Ash 2.1+0.05 Ty SiO2, AlOs, FezO3 2,000~ 4,500
333 ¥#==2H
2 AT E BAa2n ARG A" BeIFA HyHF 25
me) FEALd Y FERE AFE-S
3.34 =35H
T A7 E FU DA AatE e ZeglRAAlY 24 SAELS
A% AHgse, 2o - ety S4e ¥ 87 2
E 8 DM SAEZLTHS Bel - slety E4
g
adg HElf pH FME
oy
TN SAEZTH 1.04+0.05 O EHA i & 11.5%15 ZE[Fta oA
335 gxgH
T ATAME S AARY] FAYEE 19 AFS o] g3te 24
& A% 10% FIUEF 98 AxAlgsy], 2A9E FFEAN
AlE 7S 99 7
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3.4 v St A

< e ke AEAAA ke FEFA A
2omm FwAbds Ferdge Gyt At ERRAGE ALY Ren
o FAEe wWgdAs Aa 3
HI(W/C)= 45%, €1 15, 3713 45%2 1A4sch 478

€2 7l
Foz MFEAE +9 29 109 2 APLIFES 22 4 U
o
H 10 Mozl ¢ fea F32E AlduEE
\ 3;2[
N mz ey | & IS lam
\ f | Gmax | W/IC Mg | = ar r I NS
= L e A (S
Rl (MPa) | (mm) | (%) 2 |Ae G G s A AE
zz ‘ | fem) | (%) Clzed| M| @ | w2
&7 U
ol
410 865 | - - | 1083 | 095
AL
e 24 | 25 1450 15 | 45 | 173 | 381 (—
faaey 440 - | 27 | 531 | 999 | 286

Al wigALRE VIFEoR A EJUEL WIAA wE
BAE A A % 11, ¥ 12, ¥ 13 ¥ ¥ 147 2o

# 11 Slica Fume?| £ & Yslol| w2 i gtaH (Hoizdt=al)
- o 3
\\ == &z | 2y 27| che|Eat (kg/m )
\\ fck Gmax W/C xH % _ = . ) 1@ %
A - < Slica | Mt | Rz
(MPa) | (mm) | (%) s A
o o 2 = AE
i B (%) (cm) (%) Fume |Zteel | %z
M
5% 362 27 1.43
0% 24 25 | 450 410 15 45 173 343 54 665 1063 1.91
15% 324 81 2.38
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E 12 Fly Ashef £UE Hatoll w2 ui A (Mg =ay)

a2 ed | 37
ka Gmax W/C xﬂ% _ s
(MPa) | (mm) | (%) B 2 |amie Fly | ®od
(%) | lem) | (%) =1 oaeh 2o
362 28

24 25 | 450 | 410 | 15 45 173 343 57 665

324 85

slof we uiEdA (Re2el)

¥ 13 Slica Fume2| ZYE ¥

ctlE2 (kg/m?)

o2 | 2y | 37
fck Gmax W/C - _ - -
) )| e | B E | ® - Slica | =& | #2 | #&
@) | cm) | (%) | = |MUE ‘ \
Fume | MlA} | 22 | Xp2Z
362 27

24 25 | 450 {4401 15 | 45 173 | 343 54 227 531
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(MPa) | (mm) | (%) £ [aete Slica | =& | = | &%
(%) | em) | (%) | = ==
Fume | AMlA} | 2@
362 28
24 25 | 450 | 440 | 15 45 173 343 57 227 531

i ‘ 324 85
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dEE o] Abge] 5@ Aoz Urwd Yevdel T3 v
¥ol & sebsts]l 9sh 0.08mmA EABAUL ANE A, 38%2
A KS A€ wEsh: 202 ey,

ATl Paj Ao AakE R 70%9 GEAAL 30%E &£

A N25HS dotay) 98 cdx

TEXNM B&H EAE (%) DHESAELTH (%) £HE (cm) | 3718 (%)
Control 0.25 15 45
Slica Fume 5% 0.375 17 47
Slica Fume 10% 0.5 15 4.8
Mozt 2 el Slica Fume 15% 0.625 14 48
Fly Ash 5% 0.125 17 38
Fly Ash 10% 0.25 15 38
Fly Ash 15% 0.375 17 39
N Control - 0.75 15 45
Slica Fume 5% 1.0 17 43
Slica Fume 10% 1.25 15 4.1
FeRef+=tS M AL Slica Fume 15% 1.5 14 4.1
Fly Ash 5% 0.625 15 3.8
Fly Ash 10% 0.75 17 4.0
Fly Ash 15% 0.875 15 3.9
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JAZ R g ALET 2AYES} FA2 R AN ol A Haw

Aok GEAANE S Feud 2aded E35) esED Sapol

Stk olE A Axd FaE FANAS FFFYANY 28Y, 56, 83,
& 28%, 60, 90U GAFTH

HAZLHE A4 Tages) RAam Aoy A48 Hew
Aot FEMALE AL S REery 2agEed £33 AYstER Zgto
oo AR FE 717 AME @ F 2] 5%, 10%, 15% % W3A A Az
St oA Aztd ZAYE FANE FTFAAH 289, 569, 88Y,
11843 10% FAUEF & FASAAL 28Y, 60, 90Ul @9 F
& S8 2 AdeE B 178 289 2ov FEIMAIZ TAIA
HHFAANN FAA ] dAFHE v A= a1y 4~19 59 2

thoo 7l G S s g e (G dAF R SR ST R/

|
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YA BAFEX100%)01T. agoA AL FF FAAZ E2aHEV)
FANUEF & A FAAZ 2aYdERY ¢ 22 dyEH A S
o HAT &3 A1 S F G THEE e v BAS Yoy
FA7IZI AT As g SRS v A E Yl
B 177 HAZZHE AISSH Z3st 232 EQ CHe g (==Y 562)
BN BF EUE (%) 5 (kg/m?)
Control 2379.1
Slica Fume 5% 2400.3
Slica Fume 10% 2405.9
HoAzd = ey Slica Fume 15% 2410.3
Fly Ash 5% 2397.9
Fly Ash 10% 2403.5
Fly Ash 15% 2406.8
E 18 HAURHE A st 2arlEo cYEH (TEM Y 88Y)
NEN EF EUE (%) che 2 (kg/m®)
Control 2396.8
Slica Fume 5% 24129
Slica Fume 10% 2420.8
HMoizel Slica Fume 15% 2424.8
Fly Ash 5% 2408.9
Fly Ash 10% 0.8
Fly Ash 15% 2415.0
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19 Hodz2AE A8 ZaEtsh 2azlee S (TEMY 118Y)
n2H EF EUE (%) B (kg/m?)
Control 2400.3
Slica Fume 5% 2420.3
Slica Fume 10% 24245
HAZzZ Y Slica Fume 15% 2428.4
Fly Ash 5% 2419.5
Fly Ash 10% 2423.5
Fly Ash 15% 24283
E 20 HAZZHE A% Halst 232lE9 Y EaF (AMAY 28Y)
TN ER EYUE (%) S B2 (kg/m’)
Control 23732
Slica Fume 5% 23978
Slica Fume 10% 2400.8
Mol e Slica Fume 15% 2405.8
Fly Ash 5% 2395.8
Fly Ash 10% 2399.5
Fly Ash 15% 24053
H 21 AL E ALEe Hatdt 232|E9 chE (ANXY 60Y)
AEN BF EUE (%) el B (kg/m?)
Control 2380.4
Slica Fume 5% 2410.3
Slica Fume 10% 24114
Moizt el Slica Fume 15% 24151
Fly Ash 5% 2408.9
Fly Ash 10% 2410.8
Fly Ash 15% 24150
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ZAE (%)

Control

Slica Fume 5%

Slica Fume 10%

Slica Fume 15%

Fly Ash 5%

Fly Ash 10%

Fly Ash 15%
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tet 2 32/EQ

o
fob

Atget 4
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i
ot
u

EUE (%)

I
My

Control

Slica Fume 5%

Slica Fume 10%

Slica Fume 15%

Fly Ash 5%

Fly Ash 10%

Fly Ash 15%

5]

bl
o
s
o
ot
e

Z3ezlEQ

o

ros

AE (%)

1t
H

Control

Slica Fume 5%

Slica Fume 10%

Slica Fume 15%

Fly Ash 5%

Fly Ash 10%

Fly Ash 15%
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Control

Slica Fume 5%

Slica Fume 10%

4z
H>

Slica Fume 15%

Fly Ash 5%

Fly Ash 10%

Fly Ash 15%

ki

Zatgh 23zl

el

A

4
My

EUE (%) ABY (kg/m’)
Control 2401.3
Slica Fume 5% 2418.2
Slica Fume 10% 2421.3
Slica Fume 15% 2428.1
Fly Ash 5% 2405.2
Fly Ash 10% 2410.3
Fly Ash 15% 24153

RS
o

AE (%) 5 (kg/m’)
Control 2405.2
Slica Fume 5% 2424.5
Slica Fume 10% 24277
Slica Fume 15% 2431.2
Fly Ash 5% 2410.3
Fly Ash 10% 2417.8
Fly Ash 15% 2422.3
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B 28 B2l E ALZE Zatgt 23z2Ee o9 EE (HEHAMHE 90Y)
HEH BF AE (%) el B2 (kg/m?)
Control 2418.7
Slica Fume 5% 2429.2
Slica Fume 10% 2431.2
)| Slica Fume 15% 2436.7
Fly Ash 5% 24189
Fly Ash 10% 2423.8
Fly Ash 15% 2432.2

) mo kT o ofy 40 [0

{
\

(@) Mol cE ooy Ao

25

25

K35 KS10 KS15 KFS KF10 KF15

43 2l AR 2 053 B2 DA 02 53 116 885 9|

Oy 5 Fe2 232|E HMAYHY CHFF ¢stg
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432 =2

AANBEHE AT A ES B2 Ao Jikd Rew
ot FEAANE AHET FeRdg Zaded 234 delsEa S
o o] AMEHFS 7tz AE @9 F 39 5%, 10%, 15% 5 WA A A=
stAth olg7 AzE FAYUES FFFAAY 289, 56U, 88Y, 118¢Y
7 10% FAHEF S AHFAAE 28Y, 60Y, VL &=
Astaith. 1 dabe # 29~ F 409 gov £F AN FAAL A
FAANZ FAAY AEZEE v Aoe 19 6~29 73 2k o
1 EZE HEe (Y ASBE-FFFY FEAR)/FED
B AFAEX100%)01th. 1AM E3tA o] Abg ¢ -~
SLEaL GV UERE a4 BF dhdaAE Jed

o
2

=
=

2y

)

in
Ao
)
n
iy

E 29 MoAdzAE AISE Hatst 23v(Eo AS5UE (FEME 562)
HEN BER EUE (%) A= T (MPa)
Control 33.0
Slica Fume 5% 44.6
Slica Fume 10% 47.7
Mol ey Slica Fume 15% 50.3
Fly Ash 5% 372
Fly Ash 10% 388
Fly Ash 15% 39.0
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2 30 HALZHE AIBEH Astst 232|E9 ¢A&EZT (AXMMY 28Y)
2N BF EUE (%) eEZE (MPa)
Control 33.0
Slica Fume 5% 440
Slica Fume 10% 46.9
Mol Slica Fume 15% 49.0
Fly Ash 5% 35.1
Fly Ash 10% 37.1
Fly Ash 15% 38.1

HEMN BF ZAE (%) &AELT (MPa)
Control 353
Slica Fume 5% 458
Slica Fume 10% 50.1
Moiztmay Slica Fume 15% 54.8
Fly Ash 5% 40.1
Fly Ash 10% 41.6
Fly Ash 15% 421
B R HAURAE ALEE Hes 232E0 ¢EUT (AMME 60Y)
=X B EYUE (%) g4 (MPa)
Control 34.2
Slica Fume 5% 448
Slica Fume 10% 48.3
HoAgze Slica Fume 15% 52.4
Fly Ash 5% 38.4
Fly Ash 10% 40.3
Fly Ash 15% 414

-40_



B 33 HALRYE MBS HEE 232(EQ gEZT (M 118Y)
=N BF EUE (%) AHAUT (MPa)
Control 37.1
Slica Fume 5% 46.2
Slica Fume 10% 50.3
Hoddz el Slica Fume 15% 55.2
Fly Ash 5% 42.3
Fly Ash 10% 434
Fly Ash 15% 443
H 34 HAUZNE AL Zas ZaclE AHUET (HHMY 90Y)
HEN BER EUE (%) AFLE (MPa)
Control 34.5
Slica Fume 5% 44.3
Slica Fume 10% 47.5
Mzt ze Slica Fume 15% 52.0
Fly Ash 5% 411
Fly Ash 10% 423
Fly Ash 15% 43.7
35 FeZYE ASE st 2aclEe 4ELE (FEMY 56Y)
HEN R EUE (%) gEZdx (MPa)
Control 37.1
Slica Fume 5% 46.5
Slica Fume 10% 52.9
Foael Slica Fume 15% 55.6
Fly Ash 5% 39.5
Fly Ash 10% 43.3
Fly Ash 15% 47.8
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1
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dstst 232(E9 Y& (AMAY 28¢)

HUE (%) EZ T (MPa)
Control 36.5
Slica Fume 5% 455
Slica Fume 10% 51.5
Slica Fume 15% 54.0
Fly Ash 5% 37.2
Fly Ash 10% 41.2
Fly Ash 15% 46.7

B

]

qr
M

ZUE (%) AEZ T (MPa)
Control 39.0
Slica Fume 5% 49.0
Slica Fume 10% 53.1
Slica Fume 15% 56.9
Fly Ash 5% 45.0
Fly Ash 10% 491
Fly Ash 15% 495

* dstgt 232(E9 AT (FEXYE 60¥)
zt S EYUE (%) AE5HT (MPa)
Control 37.8
Slica Fume 5% 47.5
Slica Fume 10% 51.0
e Slica Fume 15% 53.5
Fly Ash 5% 429
Fly Ash 10% o 47.5
Fly Ash 15% 48.5
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stet 232/E9 YFUL (F

X

1

18

ol)

£
=N BF ELUE (%) AEUT (MPa)
Control 40.5
Slica Fume 5% 50.3
Slica Fume 10% 539
=2 Slica Fume 15% 57.0
Fly Ash 5% 50.2
Fly Ash 10% 52.6
Fly Ash 15% 53.3
E 40 Fe2E ALESH Helst 2azlEe ASZT (MY 90Y)
HEM BR EYUE (%) AT (MPa)
Control 375
Slica Fume 5% 48.0
Slica Fume 10% 51.0
T2l Slica Fume 15% 532
Fly Ash 5% 488
Fly Ash 10% 51.3
Fly Ash 15% 52.4
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