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An Experimental Study on the Freeze-Thaw Resistance of
High-Strength Light Weight Aggregate Concrete
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ABSTRACT

Light weight aggregate(LWA) concrete is principally used for landscape architecture
and artificial soil due to low recognition of durability and material costs in domestic
country. In many countries of Europe and North America, High strength light weight
concrete was used to long span bridges and high-rise buildings construction. For the
particular bridge the use of LWA concrete resulted in some saving in material costs and
longer side spans compared to a traditional type of bridge. They solved the problems of
LWA properties. Because domestic LWA has many open pores rather than closed pores, it
absorbs large amount of water relatively and has severe freeze-thaw problems.

This experiment is performed to look into the properties of the freeze-thaw and to find
the method to enhance the freeze-thaw resistance of the high strength light weight

aggregates concrete. For this purpose, we made 10 kinds of specimen of concrete mold. The
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light weight aggregate concrete.

lisht weight coarse aggregate concrete which contained AE agent was appeared in good
condition and its durability factor was more than 90% by the buffer action oWing to
entained air. The light weight aggregates concrete which admixed with silica fume was
appeared that the durability factor was 46.74% in spite of its high strength. It seems that

the entrained air is the very important factor for freeze-thaw resistance of high strength

Keywords : LWA concrete. freeze-thaw resistance, durability factor, silica fume

RSE=
ol B3, nEeh AR FAl of
o Aol A

o
=t
ol e A

i
o)
=
o
%
r‘lo
r\:l
o
i)
N
jg
Al
2
X
M
ﬂ
32

500kg/cm” A 600kg/(m Amel A=A
11 oolkel e FRl FEe] oeE, A7) A vt
e BAg A T FAE VR A o
et BASEE A48 & e HHAH uid
gt Aok Wol s f 23 gl nlmelA]
H g T2YE 72E0] Bel AlEEa ol
ok owge] dAdE 5.014me Cooper River
Bridge. =291°]2] 320m Sundbru Bridge"
420m ST VSET Bridge” 54 At (‘h]cago

2] Marina City Twin Towers & 2 & & 4
Ak, A 7le] @e A HA7 G ﬁakﬁ]rﬂ A3 dE

A ok 40d HAH JATAFENE Yool &

dele g A Bl g g,

126

5 7 A4 g g3 Edie ninlsitia
Bt AgraA] Aste] whgddat Aol ek 9l
2l Fo g el TR WA P AERE YA ¢l
Akl Estn ol Adelvh AdEAle AEE &
3 A, B dAEg 5 AES AYn e
woORL AlBlo) olshd A3l Fo| ol E FEol
L BAgE Aagel sloia] B BAAE v a
ATk, A =i Ul A e HEAR Qe
FAWE AR nUE AgaacEd g & A
8] ARA, Helgl F, R 5] ARl Wt

Tol & ?’6 3har 1011 gt g

2. AFSMES 5S4 AR

2.1 ARBRNE

wm

1.
AHERE AlgolA] 313 SAF A Fe e ¥ E
3 A2 L Table 13 2t}

Table 1 Physical properties of portland cement
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Table 2 Physical properties of fine aggregate
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Table 3 Physical properties of coarse aggregate
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Table 4 Chemical components of light weight aggregate
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Table 5 Physical properties of light weight aggregate
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Table 6 Properties of chemical admixtures
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Table 7 Mix proportions of concretes
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Table 9 Results of the Freeze-Thaw Test

TAAE | HE Oyclo U@JIHHM* o ‘[ ‘ )" v
N 30 TG 750
NALS 200 R 923
LNALKS 235 B0 470
[AES 0 w10 9110
LNAK] It H0 P
LAKI 350 9286 92 56
LNALD 108 G0 216
LAk2 20 W7 9527
LA 40 9182 042
LARSE 30 4340 9390

L2 Wigsl el viA]as delrbgel el vigh
At

ARALE HokebAl @2 delol Al delsbge] A

fiell s SASE A4S Hllﬂfé'%‘/l flell 5%

FAle AHEE NNAESS Aab3a8 Abggh 24

23| ESEX| H 10 A 12 1998, 2

VAES, LNAEL, LNAE2)2} dhEeryd A
Wbt Fig 1o ceRgglch, 34 u ,H R
S il A A el 9el B &
o st EAe

12 olabo] Fruba)

_;/

Selold &l el e)gh & ZH s el

o, St MR ke

LH Hiz bl dlelst FE Akssh
(LNAET. LNAE2)Y: 1;11 solfE oo o"ru

S Al 60% olstil Wold] B el g

o] el Hokga o al;z., Hulvh #8& }%é‘}

FAHLNAES) &= 235 o]t o] ol Al Fekal

A7) 60% olshal ool & delvh F8 b8

'o""l—ﬂ W FAAI R Wgal el ek g J&'I“zi_o

vk 300 Mol ol defl AulEetd ARt 6

6‘}-5:!. watwlo] Wgeldeol shasluia B -ﬁl gt

NNAESE 300 Aol dola ol ek Al )

Th.h% i 64‘ Hie sl Alo] gluhar B 4= gt

120 [~ NNAES = LNAES | T
| = LNAE1 - INAE2 |
P
£ oo
o
T Rl s
% . T -,‘- .
T L] a
- 5 N
= 80 - i
2 " . -
T 60 - .
2
£ 4w .
=
=
220
R
T
jest o

G 50 100 150 200 250 300
Cueles

Fig.1 Effects of silica fume on relative dynamic modulus
of elasticity (Non-AE concrete;

Fig 29} 7ol ARAE 7}l A Ee 2o}
# AHgol et ’HﬂﬁiOI Wil o] &8 Ao B
of, Hul7h Fel AL AP wo) sk

2 AN A A A e 2
o) ek W s /~‘|wﬂla Hois %
hEUSAN LU BYsped 1P
A Aol 2ssze] G Gl
gl T Gl g

o5 Upehyel

129



8
¢
&

8

60

40

20

Relative dynamic modulus of elasticity(%)

[ ' 50 100 N 150 200 250 300
Cycles

Fig. 2 Effects of silica fume on relative dynamic modulus
of elasticity

s

4.2.2 el vA= AEA 2
o3 8} tf 5} .zt

BEZ 9 AuZx) ZFAE ZAA| L5 AR
HE Hrhg oT(NAEs LAES)& Fig 33 #o]
WEslde] 48 3o g Yepytom AEAE H
7VeR] ok %%oﬂ BHEdA FAYUE FAA
(NNAES)7F Z#&a 2328 E FAALNAES)
Bt YEsigdel lojd g dosht 2apHes
A8 F71%E o Easlior FEe A S 7ERIA
"t Fig 4oll4 B e} o] & - AwlER|7} o
2 A9 AEAE Al AgEA 2 E(LAEL,

Al EH]

120 [*NNAES --LNAES I
»|AES  +NAES
T

' I
1
100 +

3} RN

40

20

Relative dynamic modulus of elasticity(%)

0 50 100 150 200 250 300

Cycles

Fig. 3 Effects of AE agent on relative dynamic modulus of
elasticity

130

LAE2)= AEA 93t dadzrle] Agod & -
Al Ed|e] Wiglo] w2 FAge APl vA=
geke vletsly] ek, v ABRAE Hbsr
A & A$(LNAEL, LNAE2)E € o ey
of ml-¢ HekshH, & - AIERZF 27%90 LNAEL
- AMEH] 7} 43%¢9]
£ 216%8 & AWEH}
ZAaE7} 2UsHA] K3l
ool whE] o3 ssj/t o

o

s 0114 ﬁ%%xﬂ% AR & B
e} "dolxurte d4e BT ol &3, BA
g, el A3 Ao kst Ele | AEAE
A7lsla] Z7)o] 6% olo g ZAE 2AH = U
T4 A7t %ol deg FAEol gl

Aol AA APNEE & Ut

4.2.3 Wsaidd mAe 2/ (Steel fiber)®l
FEF e 2

AEA, del7t F& AHgsHA ki 1% =S
271 ZAIA LSHE a8 59} 7ro] AR
91.42% = WEsidel vl e Aew vepse
W, AEAl, du7t F& AHEeka 1%9 e 3
7Fgh FAIA| LAESF A 1327k 93.90% 2.5
Folol ek Wgde] £ Aer FYHEU

120 [ LNAET < LNAE2

RS

=) v
Z 100 4 i e p o
B Mﬁ% e el ae ‘.‘..“-
7 e

2] a

] b >

= a

~ -

n

E .

-3 80 -

=

=1

w

'é 40 >

<

=

)

=l

v 20

>

S

=

£ o

0 50 100 150 200 250 300
Cycles

Fig. 4 Effects of watercement ratio and AE agent on
relative dynamic modulus of elasticity

Z232ESSX| A 10 A 1% 1998. 2



LSFe S84 ZA@aAddel il o3 vriss
Bskos ol H4e] Aok Ao odge
v foll gk AlRE so] Ao Atdrefo] et
H Alofsle] Wigdo] g Ao siekrich

120 |*LNAE1 «LSF
SN » LAE1 = LAESF
ERETY W
% * e, Bhaha 2 2%
= Rea
< -~
= 30 1y
o Y
2 6o s
£
E w0 .
T 20
Rt
=
T
= 0

o} 50 100 150 200 250 300
Cycles

Fig. 6 Effects of steel fiber and AE agent on relative
dynamic modulus of elasticity

4.2.4 B A Feke] vzl

Fig 6914 Hi= upe} 2Fo] AEAIE AMESHA] 98
LNAET2 50 sl &8 AubiA, LNAESE 160 %
olEg AhiA B FHe Rt Fosisin
oli @yl T WHREl:: FEES 71918 Hlo]
W o)F LNAESe #ako] [LNARKLL] gk vl
o A8 olfie delvh Feol Abges ApE so s
Bt & o] Adar] ARon S8Epv 2907

(5]

105 [ AES < LNAES
1.04 “LNAE1 ++{AE1
~LSF

1.03

102

1.01

Lt S PN

Weight (kg)

0.99
s,
.98 -
097 .
098
095
0 50 100 150 200 250 2300

Cycles

Fig. 6 Changes of LWA concrete specimen weight

Z232/E%5X| H 10 @ 1% 1998. 2

wire g Brd LAES. LAEL, LSFE3} 2ol 300
Mol o) 3ol Al BEHIA 4} 95 19l 5

A9 HEH S ) BAlale] Bt Rt 1)

= e etz W, ol FAG ) HW—kl“ e
ol 918 FHEA 719 e g ol
B A1) ol gt e ale] o] vie) @A

ol 138 el Lot 580l 1} Arleicln AL,
oIS Akl FA B0 3Tl

e ekt deel %, BAg A A

sheeh saelee) shriube O!ogl

il O)‘_,

:};’ jati oC;
N 1
- -
o
[od

WEAE & AR 5 glen], TFeled
A el 9] Q9 E A FA%
Bl A7 o dEALE AR 4 gl

oL Tk B el el £ ot
1Al 3

SHE sishel sele] ol

2) AR <ﬂ } o"]—'/(] OrO b 7lukar
QlmollA] H - AllEN s WEalA el 7cket
s T Earh

3) ARz & AbgslA] e
AV B 235 sbo] #

60% olslaL O}J}.,- =
gdort Ae)7kEe - ]

'6’}‘0] E)_y]r,o] 6% ]c} 11'@ £
WiEs HJO] /H)‘L‘]OJ‘C]

4) A
ZA-gef ol

1
Al ) }
= aeke -l—’ﬁ*l o g sl S a7
Q
&

_3-01 Hhﬂ o] : 0}1[}'

131



b3

il

re

fm]
[

. Laamanen, P.H., "High strength LWA concrete
for bridge construction the new Sundbru bridge in
Eidsvoll, Norway" Proceedings of High-Strength
Concrete 1993, pp. 517-526.

. Sandvik, M., “Utilization of High - Strength LWA

=54, 4138 435, pp.13-24.

8. TR EEE, FEHEE G g A EY A
AR KS F 2456

9. Neville, A M., "Properties of Concrete’, Great
Britain, 1981, pp. 25-30.

10. Zhang Min-Hong, and 0Odd E. Gjorv.

“Charcteristics of lightweight aggregates for high-

Concrete in Norway', Proceedings of High- strength concrete,” ACI Materials Journal, Vol.
Strength Concrete 1993, pp. 590-598. 88. No. 2, Mar-Apr. pp.150 ~158, 1991.

3. hetE=sls) 4Ae B ZaslE A A2 A4 11. Zhang Min-Hong, and Odd E. Gjorv.
(4" 1995. 10. " Mechanical properties of high-strength

4. A%d 2UE AAE, RRASIA 2adEY] B4 lightweight concrete,” ACI Materials Journal, Vol.
o #E A7 WeAEAH =T A11P A5% 88. No. 3. May-June, 1991, pp.240 -247.
1995.5,pp.209-215. 12, Zhang Min-Hong. and 0Odd E. Gjorv.

5. 772 WAE mbw AdkEasede] duk Ak “Permeability of high-strenght lightweight
ek A8A AR g8 A=a =8 4108 A5% concrete.” ACI Materials Journal, Vol. 88. No. 5.
1994. 5, pp. 149-158. Sep-Oct, 1991, pp.463-469.

6. A2 Aed d7Y TET LY AHugngs = 13. G.C. Hoff "Observation on the fatigue behavior of
HlER ) Ht}»ﬂ%oﬂ w3 A7 A e 834 8 high-strength lightweight concrete’, Proceedings
A 455, pp. 149-15 ACI International Conference Singapore, 1994, pp.

TR, BAZ, %‘%ﬂ, YT ZaeEdA 7Rz 785-822.

S s ge] FAgHAN R vl s Qe thehese
e of
AEEA T2 ES LH?“*J% AN gk 912 RFHo g AMaY JIFEYF F TREA o]l
Eobell AbgE L Sl S Aol HlslA, 7] Aeivtetdl M e undE AEEEAE AT wEnt 157
E A Ahgsta sl 7”**1}1 AN EE F2Ee AR deHl el QoM s AR o] g et
oftet, AR IE A, Ve e /o, md ute AdEAe] MR AFEA ) 7t
A3 3 o] A S sl aste] AH8da dell SlolAl BEEA Eav]Eet & zbo]7) fliz A28l
o, e Fllel A A A 29 a0 9 33 ol VEST o) FEEF 81,
5ol 258l tigh ol kst BAHE S 7HA A 2l
B ot WEdd B4 el 10570 nAE AU 2AlE BAAS ATele] dui)
F B -AME B, ARA, 2AS 58 48 ¥R sel $A%e) 492 SAeth a7 d2ig
F 2 AMEHE o= B EadS FEAITIRITE RS s Akto] B2 Xahw, AEAE A7t
g ZAA 9 B AMSE BAAE FAFA WS AF7E 90% oo ' S Eol sl E A
A F Qe 247 ehdt
(BE4=gXt: 1997. 10. 20)
132 23|EstsX| H 10 # 12 1998. 2



