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Abstract

Concrete with ground granulated blast-furnace slag can be affected by frost attack because the
reaction of hydration is slow at the early age

In this study, therefore, the freezing and thawing test has been carried out to investigate the
freezing and thawing resistance on concrete with ground granulated blast-furnace slag.

The freezing and thawing test has been performed on concrete a blended cement. which was
substituted by ground granulated blast-furnace slag with 4 kinds of ratio (non-admixture, 209% .
40% and 60%). And also tested on concrete added the AE agents to the concrete of same mix
proportion to search the improvement effects about the resistance.

As a result, the freezing and thawing resistance showed a tendency of reduction in proportion
to the increase of the substitution ratio. [For non-AK concrete, resistances of the freezing and
thawing were very poor as the durability index indicated less than 5 8% For AF concrete,
resistances of the freezing and thawing were excellent as the durability mndex indicated more
than 80.9% .

A AN AHEE A 2e of e B naEU e 1980 BRI o A shg-

l:} Lé}t!}/\}.

<

e G RMgel g pehub

148 199653 = 218 et g vl



Oﬂ [’H‘&} O:].??}. U]vg-fi}»(q UHiY]';'%’Z}I—G-, EE-E?’—}E 1 AlDil_Ei ol J__EE.QEH_]_ D|'EE= |'=’alx4 A X

Hg, WEIZAE SoE mglon} 2 coo| SENY | gEZE
AR Zbmol e nREdn vEud 243 TER|BIE| S (A8 (kafem?)
o (cm’/g) A =H 3¢ | 7¢ Jalell
Zae)E Aze] A 8 Aesh) s 2 TS = | 282

BS | 29 | 8800 | - - - -
NPC|3.15] 3434 | 315 |6:30 | 210 | 265 | 350

&3]
6}1&11 Atk arEgein wlugs %a@._se.]

aadrE A Edstel vk Aejuk ¢

H 2 AYE 9 RS nl2ee) Bty Mx

81 vhebe] 749 19864 FdRlE Aol A R =
e - U= Loss on
sl 1 AME(KS L 521008tz skt o B SiOz |Al:O3|Fex0s] CaO [MgO|S0;, anition
1995\ ellaz i gk sehslel] ejs) mREel BS | 3508 |14.92| 0.38 [42.26]641]0.11] -
Al gl g g el v kg }}&d #11g) NPC |20.80| 5.88 | 3.33 |62.71{2.7612.23] 0.4t
Eo] % /zﬂ Al A R gko] Al A w| At
el L v kS 24 e Abgel Boe)e I3 hEM W mEgAe galH MY
ALe] ol Wlel gl e] Sl mak FE | AHUeHmm) | HE | EFE | ZEE
o w3t s g R mAE-g 9l ZHE Y - 258 | 072 | 198
ghabdolnt sl Foll ik shehx] gk A2 25 273 | 093 | 660
FzkelaAl Wh-g-of oA Feo] A}
B2 lek 0 Crevh mrRE T vRE AR 2R Bl 28l ) o] ofelYlA]
1 G A WS Uk Bl el $u L%d} TR Ae] g A 8 v vle) 7]
LR EARE gafe] whe] wh Qlofuba ok Qlaf A1z o o] A ¢)7] 4]
‘*}L}*i i adi F B TRl B A R } c‘il S o] Sl galol el W pEAlS ol
lai e W‘ IF=ikel 0%, 207, 40% 60 AL Rl s 2] ghe) e el o)l &

_, —
=
Q

sl o EEk Feldl X gl mrial o) AR Rl ypal#] Afars) o ol
LA o) 1L - L\EA A A ] A’\[;o vl

ol d 9} *A 911 /H Mg ats

robyglut

s
2
:’%
2
r

; DT ndkute] A ghgeol whit aejEe] BAgE A G & Aol ¢ sk
chel Al kel 20%, 40% W 60% % magrefor vieta b7y 288k 2e|Ed o] KS I

2A5690 Wk B2 S $F Ao PR FA%E A9S AAG w8 nEE
B AMEDE BT BAALAL FUT AU E Dilslel olof vl LA

ARA Abgol [L},.,.. w28l 2] kAl o] sfAto] B

el mi) grekel 0.014%9) ARAlE Mok AR - Ld]f ol T a}] ng_{}_}rgﬂ A& 2 A Bt
ALRANE M kelr) oo strielEgb 11 A gkA 8 v atglo)

KsvbEol whet g2 goll Alel2 ga-gall Atolsh =71 3000] W it B A7) 60% )&

ol of 2Fgalkglict

@A) g aeme] S41s Y go)Y Wk Sysiaen, mrekdel 4 79 149, 282
ST =R R b

199651 bE B aes] i 149



2.2 ABXN =

2 AFo) ALSH HETEAE AME(NPC)S D21 0] 2(BS)) Beld 42 2 5ot
SHE T E N E 2

22 R FLBAE B ARANN AR Aoz 1 B4 H2e F 39 2on], AT
# SUATI S15tel A8 IS A E 0 AT AEAleIT,

rlo

J

2.3 et

BEYEHE AlE 2
A sEon] EUEE
NEEHT D RBS AT RAEE AW VS LGS Om & 49 WPUAES) 2ol

GHARERS DS D RUL AP T A Dol st

B BAAE 7 AR IR A el o), 5Age A8E 7
A L At

PHTE Al $10X 20em 5
=4 S
=S

Al#3= 7.5% 10X 40em Z1712) 7}

%7:‘:}_‘%5“ /\]ié% :51 ]A '1)\%_%1 ‘?A %_)_,1__%3“_/} HPH—]oﬂ /]?SH ;q;q,g 5:75.% “ /\]@71% A}%g}
o Agsidon o] o gAML erE FAA -17C. SalAl 4T HA sla SHgsle 14}e]
2o o ,

25A%ke] 2esdnt AU ERAATRe 250 Sl A AT APl o)

PUNDITE H3tAhe Zgste] ofel o] ofa drlsedAs 2 W A48 Faidon], &
dgaf whEo] 3004k Ze] A ARSIt 60% olat B wf Al9e gRsid
SRAASF} WA 4 S pate B4 vk 2ot

H 4 sHEMAIE
1= SEETTLS
_ ASIM | S-LUME| 4 50 o ég*;rulg o E3yx
DAHES | FHEIS | (W/BSNPC) _ 3 _
o | = nesdd | mEN | FeEN | (o
(mm) (%) AlHE S
NPC 25 51 36.16 175 341 - 655 1223 -
BS20 25 51 36.16 175 273 68 655 1223 -
BS40 25 51 36.16 175 205 136 655 1223 -
BS60 25 51 36.16 175 136 205 655 1223 - l
NPC AE 25 51 36.16 175 341 - 655 1223 47.74
BS20 AE 25 51 36.16 175 273 68 655 1223 47.74
BS40 AE 25 51 36.16 175 205 136 655 1223 4774
BS60 AE 25 51 36.16 175 136 205 655 1223 4774

) BAMHEFROIME A= XZH2S LERD] AES AEXIE A7 232|E9]

1
ED:VIZXPXHWXg
1
= X —
Vi= L 10><T

150 19969 % 712 &t&ntig =53



7] A

D FEHA A5 (ke /o) 12
Vi A5 (kn/sec) 0l
L1 FA1A] Aol (em) ol
T Gzt (msec) £
p BN W% (g/om) o of
g - H7H = (en/sec”) A
DF = C- > 2r - Dnon-AE 23A2IE |
M .AE "EPJE
714 oL ] HN |
DF U4 A5 o Bs/(wc+ BS) o

C : NAto]&ollA] ol s d Al
N 224 g8 A8 & vpil Aol & &

S
M @ A58l ¥af Abe] &7 (300401 & 7

o8] sz pigy

6
3. Agdn o 5
S
T 4
) =
Al e gse o TE s ArEEr Yol = v Mg =
. E I N s e <,
z) B}- e gl ERA R Zapd 3 Le =7 -1 1 Bron-aE 2388,
(U E A B = C; T (= e ! .- Lt .Af_nr-\ ia|(
ch Mg B nadsei ulpure] X ghgo] Zvtbe 0 L
Gest, o b Aol Qe Sy He 0%~ 20%  40%  60%
BS /(NPC+ BS)
3.2 =T B 2 FZ7|2k gint
NREFHT MRS ALY FANEE HESARE
off vl st diert wston], 2ghgo] Frtekes eh ey WAl 4 EY
FHAE o] ool whet el 1 v g AFESH -55-53-61591 Aedrlgo] wA vepgton,

ATAE A71er FA2| B M e FAU g A ko] vehytrt, (13 3

3.3 =48 on{gi

EAFH A8 A ARAG W e BAAE) A6 95 FAGH 304012 ool Aol
A AG 60% 0] Wtakad ’\lf?!f)] -%}.",15109..“%, TEEUL ”l—‘?—”‘ol 133 ol ¥&TH g4l
YAl e U %4?5'. vhebsict
sp ko Ay 14900 .)\71 oy aga e ‘ilﬂ%Ol g f- ah@:ﬂ B erde
ARG #/beh fsefee] 25 A8
RS owwﬂ - 80.9% ©
o il SHAFILY R el 49l i A B EE

1996 7hE s w3 15]



Compressive Strength(kg/cm?)

i

=

X

150 L =3
c

g

100 @
>

—— B30 g

—— B30 S

@]

0
7 14 28
Age-days

(a) non-AE 232|E

13 3 non-AE 2H2|E U AF 232]EL ¢E

100¢

120
<
<+
ES
X0 60
[t
Ho 40
r—-e——NPc ﬁ
\xﬁifﬁ <0 20
—o—— BSE0
0 L L L L L 0
0 5 10 15 20 25 30
E& 83l Cycle
(a) non-AkE E32|E
O3 4 Desel olEUE AkSet B2l 0] SUE Alo|
HE5 S8 AEEY
| MEEE | insey e
SAHE MOIE T e | I
T\ (o]
(%)
L NPC 29 60 58
[ non-AE | BS20 12 60 24
|232|E, BS40 9 60 1.8
F BS60 6 60 12
; NPC AE| 300 91.8 91.8
AE  IBS20 AE| 300 89.4 89.4
ZH2|E(BS40 AE| 300 87.1 87.1 |
) BS60 AE! 300 80.9 809 |
152 1996d%= 7Hg st w83

—&k— BROAE
—8— BSA0 AE
—o— BSBOAE

14
Age - days
(b)AE 232|E

28

rass

o NPCAE
—&— BS20 AE
—&— BS40 AE

—o— BS60 AE

! 1 L i L

50 100 150 200 250 300
SE 88l Cycle T
(b) AE Z23E|E
Tof MHSEFMA T2t o] 2EA|

T4 A FE non-AR
739 NPC+ 5.8%, BS20
2 22 4% BS40S 1.8%. BSK0S

12952 of 5 5 &4 50 dEe
Aghdo) v R o2 vEpgom, AL
TrejEe] A9 W Alg7E NPC

Ex 91.8%, BS20 AEx= 89.1%,
BS40 AE: 87.1%, BS60 AL
80.9%5% Al S Tdee) A%
ol skl et o] E ks

WER Zlo] 713l Bolt,



¥ dgle] zzlold nEze 1 vERs A}

8¢ 2HRES] S9uE BETAeEd b
£ o S5l ol A fhgo] FohgeE 2 2
ks 0w A4NYD, B19e AnEe] 2
0 5 ghas)e.
s 2) RREWT VIRLE AEH 23eEe g
F s A o] TtETE ashe Yo

NPC  BS20 BS40 BSB0
AR

O35 s olRAUE AR 232|E 9|
S T X5

) EEE W) A AelA) RS e

s}oq FAFAN e ) 24G 224 A el

Lool@Egels) megda ARE 9 nadkea v Rus Aget 2o s A4 AR 4

2. R.N. Swamy. "Cement Replacement Materials”

T ES] X
Aesl Agde i
CAlE AHE-SR]
& e W A5t 5.8% olete Eal

| v o} ARalE Abget

TEA 7 80.9% ol 4o s 2

O
x-—

AbEE EoelER AR o= ARA S AFR

(eh) . 1995
pp. 73-129, 1986

3. ACI Committee226, "Ground Granulated Blast-Furnace Slag as a Cementitious Constituent

in Concrete”, 1987

4. V. M Malhotra, "Mechanical properties and freezing and thawing durability of concrete

incorporating a ground granulated blast-furnace slag’, Canadian Journal of Civil

Engineering, Volume 16, Number 2, pp. 140-156,

[Sai

A ety Hal A0 ER pp. 144-150

1989

b SEEREAH, BB ta ool tel A% Ay . KS F 2456

19965 718 Sherdhif &l ity 153



