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ABSTRACT

Recently. it is very serious that the structures, which are under construction or have been
already constructed, are exposed to chemical pollution due to the reclamation of ground or around
huge chemical plants. The study on high strength concrete with admixtures against chemical
attack should be performed. because the durability of  concrete structures is deteriorated
inevitably by chemically polluted environment. The variation in compressive strength and physical
properties of high strength concrete with silica fume on sulfate attack need to be investigated.
Tests on the sulphate resistance of concrete were carried out for a comparative study on the
durability of normal and high strength concrete. Test specimens, which were made of the high
strength concrete by adding silica fume and by using low water/cement ratio as well as the
normal strength concrete, were immersed in pure water, sodium sulfate solution, magnesium
sulfate solution and combined sulfate solution during 270 days. Test on the change in
compressive strength according to the duration of immersion time and the content of silica fume
was performed. Also, the linear expansion and the weight-change of concrete specimens by
variable silica fume content were evaluated. The difference of characteristics between normal and
high strength concrete has been discussed with the test results. and the scheme for maximizing
the resistibility of high strength concrete against various kinds of sulphate has been suggested as
a means for practical use of the high strength concrete.

Kevwords: Durability, High strength concrete. Silica fume, Sulfate, Sulfate attack
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Table 1 Properties of coarse aggregate

25mm 100
Weight 20mm 98
Grading|percentage 10mm 28
passing(%) 5mm 1
2.5bmm 1
.M. 6.72
Percentage of solids(%) 56.0
Passing No0.200 sieve (%) 0.5
Abrasion(%) 13.9
Specific gravity of S.5.D. 2.73
Absorption(%) 1.18
Unit weight(kg/m”) 1513

Table 2 Properties of fine aggregate

F.M. 2.56
Specific gravity 2.65
Absorption(%) 1.0

Clay lumps 0.2

Loss of washing 1.1
Organic impurities 0.K.

Salt contamination 0.0
Soundness below 3%
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Table 3 Mix proportions for cylinders

Specimen Name SFHSC |OPHSC |OPNSC
Water-binder .

ratio(w/b) 0.36 0.36 0.54
Cement{(kg/m”) 400 450 300
Water{kg/m”) 158 .4 162 162
Finc ,

aggregate (kg/m™) 730 730 980
Coarse ] =

ageregate (kg/m) 1150 1100 1000
Superplasticizer(%)| 1 1 0
Silica-fume(%) 10 0 0
Slump(cm) 11 13 8
Compressive

strength ‘ 630 500 230
at 28 days (kg/cm?)
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0.28 0.28 0.28 0.28

483 463 430 409
135.3 135.4 131.9 131.9
756 756 756 756

1124 1124 1124 1124

1.7 1.7 1.7 1.7

0 5 10 15

10 8 6 4

680 710 852 879

3.3 AUy A S8

B oAYe] 2xe zZaglEe g i

oA AaE nFste oA, oF oo &
AEE Bro BMstn 3dwe] 29 § 7}

AlEE FA] deet 3FFe] F409 fod 2z

AA AR 60Y. 90¥. 120¢, 150¢, 2109,
270l Z47} otelle] AlFES EFAstArt o7

2A2|E55X| 103 5% 1998.10



A dEAse 23 & Astd 4 AAAHE 570
FAIA el BRI e £33 AF
A e Fubo ojg R & T 2
& 2918 nEdd HIE FE 10%E FIe=
Z ovig 3 Ay A2 g9o2 AN &
3, £azEe HAyuy P FabAsie] EH &
A3t 50mm x50mm x50mme] AEE A&
FaNES] B4¥ste] 4o duidez ®A
g Hol AT, il Aol nhE Az
E9 AL AHE soj2EQ] o] |
Holgtn MEHER F&IFAY ey BAe
DA A @ar ANE #o| A~Ee] HANE me
g BEHoz FLIAE AAG F AZHU.
of wj, M¥wWA & ¥l 50~75mmX
0.0lmme| #4& 712 vle|agvEe} n|HF
HAWEE 2Fsly] 8 1.210gx0.01g9
AL 7P AAAEE ARS8, Ay AlHe
zb ddo] wig] 37 RE BAE ¢ FH 2
Aehg st MPWAFE S
Hsle] ZAdME AXRAS AHE
AZIE A 2890 FA T FARE FEHE
oz I}

- 9F% FAA, OPNSC, OPHSC, SFHSC

Ad 2t 50/ gEHE W3k

- 938 FAIN, HSC-SO~HSC-315 A4

7y 50789] st& A= Wt

- FH3E FAA, HSC-SO0~HSC-315 A

7} 20709] A B Fas)

P

%
Gkl

]

ek

N
MN BN ol

4. &8 Y 0F
4.1 B3c|E AlHe &FAUT Bz

ikl AR FAI A @ #EA Fa
of ol JBRCEE Fig. 13 #ol Uewke
g, 2 F #mkadle 10%9 3AUES
10%9 2§89 A8 SFHSC HSC-S15
Agel FAAZL dBgder Faol 7 F8lst
A debdw. ol 25 FANE o 90 ol FF
B sighubgel o FAAlY] HABY o P=
7b ] AFElen, 1 & Aldd] ddel
AT FAl quAdEQl #Wagel HAlo] e

E3e|E8EX]| H107 5% 1998.10

vx, AF 1509 olFREHe A9 BEE §
g B dA el AstA Yehd AE 4 5 UA
o, ol 1ge] fd 7ZAA WE @5 (pure
water), 'NS'& #HUEE 10% &4, 'MsSe
kol dlg 10% &9, NS+MSE ihle
F 10% gabvladig 10%9 e s 24
Zh ofml gt

+ Fig. 2, 3, 4+ 7% Ad&dd A=A
2 Ao g AAARE 4EAEE JE
A Aoz wiguld] e FAA E3E e
WE giolt},

Fig. 1 Sulfate attack on concrete cylinders with silica—fume at
90, 120, 150, and 270 immersion days (clockwise)

Fig. 23 OPHSCe wls} ©rdEZES 4
b Eol A REAE FAYEC Ui 7
=932 velbd Aoz, kg g Ao
AR Fzzs AgE 2. 53 HhEET
ol ol e OPNSCe ezt
o] OPHSCel Hlall o ZA vebsdct. Fig. 3¢
Me del7-EE ARRSHRl o AeAvttew

121



500

)

400 -

300
Eerrs

. e

Compressive strengithfkg/cm

—&— FATER ‘ o
100 + NS
¥S
e NSHMS
0 B

60 90 120 150 210 270
Duration of immersion(days)

Fig. 2 Compressive strength of OPNSC

)

1000
i
!
800 1

\

1=}
o
B
E
B goo
5
‘;’ s,
o 400 s -
Z L -
Z | —e—¥ATER R
£ 200 - NS
& WS
g AL
< e NSHMS
0 N ——— e B P —— L.

60 90 120 150 210 270

Duration of immersion{days)

Fig. 3 Compressive strength of OPHSC

“)

Compressive strength(ks/cm

60 90 120 150 210 270
Duration of immersion(days)

Fig. 4 Compressive strength of SFHSC

ge BANE HE G A4S DPE 2
22 Bl OPHSC Ale SAtEgel el
W@ FEAbat obF uleksht FAmkle 3

dat 2 doldeh. Ao
Nel dEgra Aee gaeladgel el 1
fgelel zoem ARHTE. Fig4de A&
10%% ¥3e 4% 2AE Ade] wie

122

gk gdlo A7 Fof Z=EWHIE et
Aoz, FIEF fdo= Ao oyt
Fanladlg fARqME Fig. 39 A&
T3l @e nAT A EQ OPHSC A#
Ho} 038 o 2 Axg4aE dodle ez
Vet

Fig. 58 #o] TAIUIEEF 10% LYo A
HogiRRe AAE & ZAERALE oA
ggront 2 FoAe As-Fel TFE FA
Aol A=azl 718 FAA dojwm, E-AWE
Hl7} E(w/c= 0.54) REZ}EO ZAA7} 7R
2 7ezaZ Ry Fig. 69 ool
10% &2 ZA$= Fig. 79 EF4d9 F¢
et Zol  AI-FE  ETEIF  FAA
(SFHSC)7} 718 & A=Z4as Bt

& 800 o -

5 700 :

2 600 4 ‘

= T-."."—HH

5 500 | -

] i ‘

= 400 |

» ! .

2 300 ; -

5 e————— — o

$ 200 | ——OPNSC ‘

2 100} —M—OPHSC . i

S ol SFHSC . o |
60 90 120 150 210 270

Duration of immersion{days)

Fig. 5 Compressive strength of cylinders in NS solution

800 |

700 ‘ ~——0OPNSC |
| —8— OPHSC

600 .

] SFHSC
500 T\-\ ‘ ' |
400 | ‘ \ﬂ\'\’_\‘

300 ‘ :

|
200 N‘\*\T
100 ‘

0

Compressive strength{kg/cm 2)

60 90 120 150 210 270
Duration of Immersion(days)

£

g. 6 Compressive strength of cylinders in MS solution

Fig. 8, 9. 102 Z4g & HAANR &

A tEFE(F)E gel AeAl FAA

E32|=35|X| H103 52 1998.10



800 -

700 ‘ ——OPNSC
—B— OPHSC
600 | SFHSC

500 *
' - |
300 - :

60 90 120 150 210 270

Compressive strength{kg/cm %)
-y
(=]
o

Duration of immersion{days)

Fig. 7 Compressive strength of cylinders in NS+MS solution

o GEHUE(F ¥EE 4T #4A8E Yotk
71 st} o]He  ATH|(strength ratio:
SR=F/Fw) & ©]-&3l UrE}L“ Bo|t}, of7]A,
FGESF gdd AAAZ Afole HAAANE
o] ZAFge] wek SFHSC *6""]7417} b A
ZwHle] AAZAEE 2l ¥E(Fig. 8), th&
*‘? %189‘] fAo M= SFHSCE A% ZeEn]
Aol V AA vepdt (Fig. 9. Flg
10) 53], Fig. 11& AAAH 2704< 7%

n},

= 3 ud sl AAR BAAe PEL
282 JEbd Rolth,
Aejsl-Fel Hriel we wgldl elst]

A& FAAM(HSC-SO0~HSC-S15)2 3%,
AWtH 0. F ghpo M dei-Fe Frkd wet
dx7t Frkehe Zdko] vhEhARE, 2 AFdA
v AE)7-F el 10%Y wieh 15%% 7
S-of A% Apolzt AA veRA] gsitt. ik
ES Sdd9ME BE FAAY) 08 Ardi
g Hole v, #balind|E SHef FHRA|A

12

=

1 A

% : —

g

E 08 \\__
06 ‘

041 -—e—0OPNSC

—#— OPHSC
02 SFHSC
0 S — Iy - N » i
60 90 120 150 210 270

Duration of immersion{days)

Fig. 8 Strength ratio of cylinders in NS solution

EZ32|E8E% HM103 5% 1998.10

12 i ' -
z | —+—OPNSC
£ —#— OPHSC -
Iy SFHSC
% 08
06 |
04
02
60 90 120 150 210 270
Duration of immersion(days)
Fig. 9 Strength ratio of cylinders in MS solution
12 . . . O S [N
E .
sy ~—-- OPNSC
% ~- OPHSC
“ 08 SFHSC

06 \
04
02 -
60 90 120 150 210 270
Duration of immersion{days)

Fig. 10 Strength ratio of cylinders in NS+MS solution

1

[
E
<«
S oosl
o 08| MOPNSC
~ ! MOPHSC
® COSFHSC
3 08
[
G .
(v
o 04 - :
(9] H
|
02 - |
0 L
10% NS 10% MS 10% (NS +MS)
Fig. 11 Strength ratio of cylinders in sulfate solutions at

270 immersion days

71 Aol AEa-F2 10% o1 AHEE A
A (HSC-S10, HSC-815)7F Axzta @del
HAAs A vepdez odld AyI-EFE HA
ALg-e FAA B zhe gEAE H2709 7
#)& 7IAA 8} (Fig. 12~Fig. 14)

123



9
—
<
(=1
(=]

Compressive strength(kg/cm

0 |
60 90

——SF 0%
—&—SF 5%
SF 10%
*o-SF 15%

150 270

Duration of immersion{days)

Fig. 12 Compressive strength of cylinders by silica-fume
content in NS solution

%)

Compressive strength(kg/cm

60 90

150 270

Duration of Immersion(days)

Fig. 13 Compressive strength of cylinders by silica—fume
content in MS solution

-

1000 | e

5

E: 800

z

2 600

v

%

L 400

2 ——SF 0%

2 —8—SF 5%

g 20 SF 10%

e # SF 15%

0 ]

60 90

150 270

Duration of immersion(dsys)

Fig. 14 Compressive strength of cylinders by silica—fume
content in NS+MS solution

4.2 Z3AC|EQ| MEIYE

aaE AHel 1§y

UERG ulsl o] wgel

124

7te A s-Fe o] BEFE AA dEi L,
FAYEF Ao E A7-F AHEFe] 10%
ol WiFE FAAY AFAFL 1 oA A
S-o vl AAAH 1502 7IEeZ oF 0.23%
A vebdoh, ghabeladlg g9 A AR
3 1500lE Ag)7-Fe Aol wal &z
o] Ho|x] gtor} 270Ul A3 Fole A
F-Feo| Abg-#o] SUIESE AEgRFFe Fo}
g,

0.4 e e .

S ]
5§ 0.3
Z BMyater
g BNS
5 0.2 =l
= j
[ H
= i
5 0.1 -

0 - i

0% 5% 10% 15%

Silica-fume content (%)

Fig. 15 Linear expansion of cubes at 150 immersion days

1.6
=
E
= 1.2
o
g
a
g =
' water
E 0.8 BmNS
=}
3 aums
0.4 <
0 i L
0% 5% 10% 15%

Silica-fume content(%)

Fig. 16 Linear expansion of cubes at 270 immersion days

4.3 232|EQ| Z2kH3|

RRE FANE FAIA AR EsHAgle]l B
EXEWRCAINETS AN BS99 AHME &
9] 15%E ATI-HoZ X33 AL ) =2
AYE FFAZE vudidtt. TEHSAWE
THE AMERE FAFE Fig. 173 o] A A
90 o] AFAg FAIA A 3714 i) & B2
Fo gete] FEHAEYS BEied, 1 F #

=

E32|E5EX| H108 5% 1998.10



Adukadig &del AN FAASY 2.5%2
A 2 FFaE JEIAT. 21080] H2e
Tl wee) htEg Sdold 2} 0.2%
23%9 FAEAALE U W, Bavka
W gedel AN BFAAE 5.8% FYUL
g uole 5 A7 wAgle] Farebauie
goholq 7hg B FPas deigin
cuwew 15%% des-Foiz e
FAANE et Fatdd Qk‘”‘oﬂ FAA1Z12 90¢
o] a3t -?—4 Aoy XEP=ANERE ALE-
g A9 wlzgk AR HolAwh Fig. 183
gol g HAFARL FAlATe] 0.1% F9%
7be Holmi, pEFa gabeladlg g
M 22t 0.1%, 10.5%2 2748 JeRS
oh geet ShES &9l AxA717] 2109
o] Aug Foll= 1.1%. 0.6%9 FEE7HE o
Bhd wbd, Sadekadlg gelelAE 1 FEol
20.7% dxsigdtt. AdAew Fig. 17 ¥
189 vehd 7= FAES FH¥FtE EE
AeAES AbgSte] Algh FAIME it
HEH & AT Aol bE A dol
Wi, SeAs dde delv-EE 16% A
& FAAE Sabekdld gl AAAHE
o 7 A2A gy

olet &2 Fitubdlg gdAe) FEtAa
A& C-3-HAS st wZAFde] M-S-H
o] Ao Qg ZAE #Aslde «dst 1
T8 dojgtn & 4 vk Eg Helg-E S
Eoe AlES] Ao S 2 Fakt
ol A& #ihalivge] Yedle AWE
s8-8 del7-&F AdEel o€ sEsle
Aoz Atsgr),

a

4.4 gt Hsllel niFt & DE

o2 Mm an Fsael A9 dos
ofef @ MEIg maal tehta ek

b g geloly AeshE A o 6&9.
2 Qdte] ojwg BEH wgo] Yolihi=lol
Be g ushlze oldnxe weA @

232|ESE|X H103 6% 1998.10

Weight change(%)

Myacer MNS
oo

5t |

90 days 210 days

Fig. 17 Weight-change of HSC-S0

Weight change(%)

-15 1 Bwarer @NS

| O
20|

90 days 210 days

Fig. 18 Weight-change of HSC-S15

ko, vk IETAH o] o= gt
e FENEES Bale WA ESE FFHE 5
& Blolnt,

dkF o ¥EHFS FTEHT AWES F4ab
stzhF (CH calcium hydroxide) 2} &ehzo=
Whgste] GESzle] vlodsle 74?72}1}10] C-5-H
AL Yok Aoz deld o, o g
o e ok ey f‘““ﬁ o] &
¥ Ak Euot SRR ‘ﬂ‘ilﬁﬂfﬂ xE
Hbe oA OHe wEA 9k 'O'PQI e
Al ES] 488t ohE 5 F‘ra‘ 32

shs ARG wes Ao Bk 47|, %o}
Al

Bl

Ao g AAEE (-8-H A TEAS AHES
Alite, Belite®] =3l o8} Hgsle Azxe
21 Ad¥o] o E ‘pozzolanic (-8-H gel'olt}.
ol #atel Aol vt E&E aoksbd e

¥} gl

125



3CH + 28 — C3S2H3 (D)

NS (sodium sulfate)® MS (magnesium
sulfate)= CH® ¥H33dle] Mi(gypsum, CS
H:), MH, NHE 443}

sodium hydroxide :

CH + NS + 2H —» CSHx + NH (2)
magnesium hydroxide
CH + MS + 2H -~ CSH: + MH (3)

o714, M8+ C-S-H A% gg (449 2
o wrg g}

C.SyH, + xMS + (3x + 0.5y - Z)H
> xC8Hs + xMH + 0.5,S:H (4)

o Wgow

det, 18n
Fbeshe e BlEddde 44
7 o] A dt

(MsSHs 5) & U

1

4MH + SHa. — M4SHss + n - 4.5H (5)

oo} o] AFAQ (C-S-H o] ulZAFTAL
M-S-H(magnesium silicate hydrate)= &3l
He A2 Fdniade g osfArt o]
Xz, FIIEF  EdoME  Na'oled
C-S-H AelA Ca*'olgoz v 4 gloBz
(A4), (215)¢F 2 Whg-& dolubr] 7] HE
of Fibutvgel old Ak FhGEE Y]
& A vehtes Aoz Algdd)

5.8 &
Ae7-F& A 2dE FAYE, e B
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