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Abstract
In this study, a series of test was conducted to show the characteristics of freezing-thaw
ing process on soilcrete using the soft clay in a redevelopment paddy area, was treated
with cement and several additives such as Beestar, Ca50s4, MgO, and Polypropylene fiber.
From the results of test, it was found that first additives -cement and beestar- was
effective for compressive strength, and the resistance against freezing-thawing process was

improved by secondary additives, in the order their effcctiveness, i.e. CaSQ: Synthetic
fiber, MgQ, and Beestar.
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Table—1. Physical properties of soil
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Atterberg limits (%) | Grain size distribution (%)
Gs m/m m/m Uscs
IL PI No.4 No.l0 | No40 | No200 ool 0002
39.7 21.2 2.70 100 98.4 91.3 78.5 516 21.2 CL

Table-2. Chemical composition of cement

Ignition | Insoluble ) . .
. Si0, AlCa FesOn Ca0 MgO 30, Free CaQ | CaS0s4
-loss -residue

1.02 0.38 21.07 5.92 3.78 61.38 2.93 1.95 05 2.1

Table-3. Chemical composition of Beestar-A

NH.CI NaCl FeCla C MgCl Kl CaCl; cte.
5 20 2 1 22 25 15 10

Table—-4. Chemical composition of Gypsum

CW 510 Feals CaQ S0z As Pb ete,
5.95 0.002 0.002 383 53.3 0 0 (0.446

Table-5. Physical properties of Synthetic Fiber

. Specific Meltung Point Acid | Alkall Tenzle Strength Young's Modulus
Absorption . .
Gravity C Resistance Resistance kaf/en’ kal/cif
none 091 162 | very hugh | very high 3500~ 7700 35%10"

626



FARCR)
2.2 A Table~6. Mixing proportion of samples

221 AZulg Addives

Table-6& ABUMTES eI o), cenien| Cement [Beestar-A| Gypsum | MgO | Y¥iber
4 Agd Hree AxA Ed g = samnlc:%) 810} 12/0.5/1.0/1.5/1.0[2.0] 2.0/ 1.0[2.0{2.0{ 0.1 0.0
Zujo]n, 13 A (Beestar-A)s AW E O ggé s "
& FFvlolth A wFL AZE(Cement), b9 o s
B & (Cement+Beestar-A), CZ&(Cement+ Bl O 0
Beestar-A+Gypsum), D& (Cement+Bees = 8 2l
tar-A+MgQ) 282 EZE(Cement+Beestar e 8%
-A+Fiber)2. 2 FE3slgTH gzz 0 . 0 25 n

222 AgEA G TS am

ZAg8 AT ‘41 =EHE AFH3 Ao 2= 2 2 O
A AAREA F 4AAE FRG ABE o 15
Abgstgod, ARE, M, slodags oo .
< FH7Fe7] A 080l FERYLR YA, Aee ol BAR £ gy 2HAH Y=
HH oA Fa *]Eﬂiﬁ L F AEFEH |(Beestar-A)= A 2 A sl

™, 23A

10649 2& H7Ms & EFV|E dFeiws HHgpuE
223 A= N9

Soilcrete®] Z=w A gl o ZA #A+EHt KSTRoE Proctor®] ZFo}3 of v X
(E=5625kg » crm/em) & AHE3le] Soilcreted] Z=AE2 328 WHAHY QdrE A9 oAy
Hog AN e DARE dAlstn etk way B Afexe D- L%"”‘ ﬁu’ A A] &heq
HAFF(OMC) B 3o AZzd53e 92 % HH 5] 4™z AR 2|
7 Bem, Zo! 10cme] BZof 3202 ol ¥Wia D-tA A (E= lSOlkg/Cm)ﬂ' HEE A
*HE 7t FAAE AFSFHE AEFEVNE FAAE FET F FLYAIA 2x 2
3C, HHEE 9B%eld FREHEE 79 $Aste degE=AsAHe AA sG]
224 5488 A4F

PETE=ANEE SAAS & IHeg TAANE AZste, A8 79 ol Fo] FEFHA
= HASHEAT. 48 A&d %%%aﬂ;‘c}i}(DA— 38)= A Hol ‘Ffj‘*ﬂ E@%ﬁﬂ —’r‘—7|(—18"C~
Al ©

rulm
e
A
2
o

t}j fL.[o

f
£
iy

)5

[\S]

S4T)E AEoz 2E wEs
Z5o otk AAUe) L2 BAA YRLESGE Th2Y] “115-01] RESAAEE TN B
4 Driling® ¥ £244%2 FAA -’-%1-9_:?—, A FAMY LEWMBE 18T ~+4T

EA71E A% 1Cycle® ATk AW 5, 10, 15Cycleo) ol ARFEANEH 2& Py
= A8t

nﬂ.
B
2
i
ol
i.d
fi
I
i,
o
.:lolé
oj_.
£
é.
10
K1
\]
ol
L
S
oft.
e

—
I
[=]

M. 2% 2 sz
31 =54

Fig.1& 13 A (Beestar-A) ¥ 7}e] o} =
A A7bE 5571%(B-3), ARE 10%2] 79 10.029%(B-5), AlwlE 1292l
EEAEINE HolT Qo] Aw=ake wal e

ﬂm
oy
il
Iy
~N
)
il
e
o
P
paa
)
al
>
i
o2}
N
o,
oy
—‘IO
L.
by
=)



50

furl
0

7day

45 |Qcement only
Fbeestar 05%
40 |gbeestar 10%
Obeestar 15%

7day
CTCH . DL B
peEEn C-2, D2, E2
—c-3, 03, E8

[L ]
[>T

n
[

35

WL N
[S I (I o

Unconf.comp strenplhikg/enf)
(s8]
o

Unconl.comp.strengthikgifent)

[
(=]

Cament 8% Cement 10% Cement 12%

Fig.l1 Comparison between cement cnly and

T
=
o

Comparison between B-5 and additives
Beestar content for strength for strength

Fig2% B-5(Cementl0%+Beestar 1%)& 7|Fo2 Aa elaulsk, ARFH7t ©E ZE
g2 Ve Aotk H1E 27E F$ B-59 vlmEte 123~174%9] AEFMEE
e W, MuErbest 7JE%§} ApelollE dAE 2ol yelR EgEd, ol A
A Betzalel Wstel Wt AAEE AFAY TR $3EY FFV b=y gEem

o}, o AFE W oHEE A B-59 el FEFIMES AEE TuEAed, oe ¢
Z¥o] o} wtaujAHMgO)9 Fsh/b AP A &gty] ez HddH. I ARTF
e A% vEA gy AxFIe e FIERAGALAY AT AR
7Aex= B-5¢ wlmsle 232%~275% FEE/EIE Holxm glow, Mee E
EE FEVH bt BEE Eolu Ao

=%

32 ¥4%% 54
321 13513 (Beestar-A)9] G
Fig3e 184 ¥3d FZ¢ad & Ue F=E Hehd 2o
T84 (Beestar-A)E A7HS Ao ARPAEL HAXE 4TS
o]

EYAS) AP vt FATFEA Ettringited] 440l TIE ANFoEN FFAT
Reol o]BA4L Awsyl WE Ao FuHY, FEFANAE] HEH et FEE HE

3 % HED

5 oA E ——aP E ——A3

;‘?25 g z® -E—Bd 546 ——B7

Z ——pB2 % —r—55 = —— g3

2 & e

;'15 g g

a

g E-EE EE

8 8 8

€10 TD E®

Q =] <

2 g e

25 = g 5

o] 5 10 15 = 0 5 10 15 2D 0 =l 10 15 Q
Freeze-thaw cycles Froeze~thaw cycles Freeze-thaw cycles

(a) (b) (¢)
Fig.3 Relationship between strength and freeze-thaw cycle with beestar content

628



(2hr~25hr)7]- grol WA (Ice lenz)A #ol
25137 FA§H CycleFs 7ol ulbet

g
>
L“,

3.2.2 M 31 (CaS04)9 9

Figde 4ug%d S24s0 %g ZE4ste vepd Holth B-sst vl o}oq AEFEE
o] Aa BANE ARS Holr wd M 3% A$E C-1, C-2¢ wlusty =
2go] ZA et olE FighdlM & & AFel FZF Al iﬂ“”@"“ﬂ | 2T HF
oz 93 HAHo WolFs BAd FZ g wE WRTd] F7bel 1L A
oz punt e SEgsd e WTA AYERE A8 AedE dnd Fe A
Fart Ao
~ 8.5 . -6 515 Tday
"E —o—B-5 C:1 A
= a0 —_—— 1 -
2 4 —a—C -2 e2
J‘é as | —¥e—C -3 (;j
g = Zii
S 20 = -
0 5 10 15 20 “ 2 ° 2 4 8
Freeze—thaw cycles Ratic of volum o change(%)

Fig.4 Relationship between strength and {ree Fig.5 Comparison between additives and

ze-thaw cycle with Gypsum content ratio of volume change

3.2.3 wp2d|AFH(Mg0) 4%

Fig6e ml2ulAb &3y FA g wE Z=wge
vl asted tha ZasAu /A AEE Holl e 5
FAFH HE AHRZEL F3] njEjsle] FALE AT L}Hﬂﬁ&%a- 041%1?.}
2 7ldch

40 5
r\Eu —6= -5 - 05 Cycle
% 35 —a—0- 4 B10 Cyc e
7 @15 Cyel
g’ —_—t ) 2 & yele
2 30 —=D-3 g 3
g ]
% s,
g 25 s
g &
B | IE ! dﬂ
o -
5 o LRl 1LE o A1 ] rlﬂ
" STy 7 o1 7T Y0
0 5 10 15 20 il (l) (&) I o Q i W
Freeze—thaw cycles
Fig6 Relationship between strength and Fig. 7 Relationship between swelling ratio
freeze-thaw cycle with MgQ content and freeze-thaw cycle with additives

629



3.24 3% (Polypropylcne Fiber)2] < 8k

Fig8e Hag=d 5Z 88 e JEHss EJrkH Aelck B-5b9} vl REY ZFEiag
< AR dasty FAFE wBIs FESE FELZA S0 FoAe FFE Hole
W, 27172 %0t v 2 A JEld E-33 $ —5'@“5'3}] REEo] uel E-2R 0 ZFEdagel F
Hehe ZFE ¥ 5 A5, ok TEHRANA 4A713 FAQe LA FHD 48Abolg)
330 $54+ o|FAZE V] FozA AU Ue FAYEOE TaEM ¢
A7) e o Ak

45 100 5D

— s eycie

NE —G—B-5 20  10cyela * PO 45

=3 40 —8—E # B0 | t215eyen . ” .o «? 0

2 —a—Ep E o | wuwostrem) *eq s £

B gl ~——E-3 5 g

) S i

=]

5 10 15 20
Freeze thaw cycles

T
oo o doo cbomdobdddddd

Fig.8 Relationship between strength and Fig.9 Comparison between decreasing ratio of
freeze-thaw cycle with fiber content strength and freeze-thaw cycle with additives

33 x4 ed WE FHRNAYA Bt

Fig9= ®2Es AM¥dd #x& NFEex %@ B wkEel wE AETiAEE veld e
o FEAFHNE B2 Argage] Hie $28 AFHL YBEe Ao Frdss
o] ZAttE A 1 4E FAFH Aol F7)e }-E AL oistct, FZE3 15Cycled] HS-
AlHE 10%9 A-290 B 4159%9] #E7282 =9 v, ngast #HshE B-59 AL
36.9% % gaste] FHEH Mol 4.69% FAEHAI, B- :— NEez Ai, whadAl, A%

A &

= 7:&.4,7}?} Aol C-1(23.6%), D-1(20.1%), E-2(259%)8] Hez4+8L Hol T35
Aol d3 133%, vtaulAk 7.8%, A& 11% ZIHUD o= }‘%9_& 2rAdE FHEE8 A

el 73 Held MW E Fge U w3 A (Beestar-A)= AHMEFFY 1%, e A
ZEFHY 19, vtavAke 1%, 445 03%7 AAEFE YL Aadd 4 oo}

V. 38

AAARY AT =&HCLE ez nuA (Beestar-A), 4 1(CaSO4), =2l AHMgO)
2T ARFEE BT Solereted TEES S4E FHEsETh 2 AxE 295 i
%E}.

T8 (Beestar-A)= AWME AAlw EFH A48t F= o FEgA HFA o

%lﬂﬂﬂ, 2 HYEJE S AME FF] 1%E UEHWT

2) H3(CaSOE Z= TAF ALl F7hze vyl By F7A g9y goz o)
Tdo] TAsten, O AREGH = Add2AL F5FY 1%5 Yoo,

630

L

t.



g AAdss T8 vued SAGH AYA

) SFIMAMO)E BE R RG] wE
Ae® yehdos, 2 AYEYHE AAAEA F F

ol F7tet TEAA - FHr} 3=

%o 1% 2 LET
4) e ZES7H A HEEFVL IFRAE F7L oEAA 2 FR2FE Aol F
shs WM B AUkE FEEH ALAE daAMYE AEE deden, O AAFEEE
1}044_;“ A& T%Y 03%E el
Aol ZAE FTHE 2 o FHEN AYHS Az, HdF, vtadA 28z nEA sez
g4l 8

i

Ad
FHEHZF etz 2 HARJEFESL EAAT 28 AGHLE Q8 B2 g AE
Hargle Aot 2AserE dog By @ AFE T I AAHESHE E50

¢ Aoz wgdn

V. Z3aE4d

I F5&s] 290, 1990. FZ-FZFol Fo ZnEAd FXEs 9%, §FF3TEA Vol32
Ne.3 pp.39-46

2. Ed 1003 BEES 4EAZe @3 4898 dF. FTHEA Vol.35 Nod

3 FAHEFAL 1987 FEEEY AR E HY ELFDEA AEAIE 20

4. FEFIFAFT) F4ATL, 1998 %4 Bee-Slar Zn¥ T2 XA(F=Z, 4H82) HE
o #¥ AlFd :F‘ HiA

5. AlTrE e 19, 1989 C3S-CsAAle] 7] 8ukg SA6 vlxE= il o3 agdsA
Vol.27, No.d, pp.514-520

6. HA54 321, 1998. €97 FE ¥ WA Modified Belite Cement?] §4, 293 %)
Vol.35, No.b, pp.479-485 )

7. Feldman, L.A, 1979, "A study of the effect of plaster on frost susceptable soils, Thesis
of Syracuse Univ. pp. 1-40

8. 1. Dreizler, Bergisch Gladbach, D.Knofel, 1982, "Effects of Magnesium Oxide on the
Properties of Cement,” Z-K-G, No. 8, 537-550

9. Soroushian et al. 1995, Plastic shrinkage cracking of polypropylene fiber reinforced

concrete. ACI materals jour. Vol.92, No5 pp.153-560

631



