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Drying Shrinkage Properties of Latex Modified
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Abstract

Drying shrinkage cracking which may be caused by the relatively large specific
surface is a matter of grave concern for latex modified concrete(LMC) overlay and
rapid-setting cement latex modified concrete(RSLMC) overlay. Therefore, the purpose of
this dissertation was to study the drying shrinkage properties of LMC and RSLMC with
the main experimental variables such as cement types(ordinary portland cement, rapid
setting cement), latex contents(0, 5, 10, 15, 20%), W-C ratios, and curing days at a
same controlled environment of 60% of relative humidity and 20C of temperature.

Test results revealed that the drying shrinkage of latex modified concrete(LMC),
rapid-setting cement latex modified concrete(RSLMC) was considerably lower than that
of ordinary portland cement concrete(OPC), rapid-setting cement concrete(RSC),
respectively. This may be attributed to the interlocking of hydrated cement and
aggregates by a film of latex particles, water retention due to hydrophobic and colloidal

properties of the latexes, resulting in reduced water evaporation.
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Table 1. Chemical Properties of Latex

- Surface
Specific A
Percent .. Tension
. Gravity PH
Solids (95C) dynes/cm
at 25C
46~48(%) 1.01 105 32
Viscosity| Freeze thaw stabilize
Shelf Life| cps at |  stability . ]
20C 15T to 257) V¢
> 2 years 24 5 cycle anionic

Table 2. Mix Design of OPC and LMC

W/C | $/a Mix Proportion ( kg/cm®

(96) | (98} | Cement | Latex | Water |Sand | Gravel
56 0]10% | 224 | 922 | 691
45 4215 % | 158 | 959 718
42 83110 %| 125 | 947 | 710
33 |58 400 67 | 972 | 728
35 125115 %| 75 | 960 | 719
37 83 | 948 | 710
31 167|120 %| 37 | 955 | 715

Table 3. Mix Design of RSC and RSLMC

W/C| S/a | Cement | Latex |Antifoamer pl?slgiirz_er
0, ) . 3 < #
(%) | (%6)| (kg/m") | (kg/m’) | Content Content™
49 0| 0%
46 41 | 5%
42 81 [10%
36 | 58 390 1.0% 1.0%
38 122|156%
40
34 163}20%
« AFH: 2fEA DL st A2 FADYE U2 1.0%2 1

~ FE: AlUE MEYO 3 822 10%2 AUE X ZAol Z#

24 Zo|HsiAE

AN @ArlE 10%X10X46ecmE HHE 3 F
Sulel A 24A7F %&(20C, 80%RH) %A 313
AHE Astdct. S84 A 2447 A
Demec GaugeZ ol&3t9 Al 2713 Z
Z+ 2% & 20T, 60% (RH)Sl dzz=d3ld &
AAE FAAZII JIS A 11292282 2 22
glEo] Zolwsl Al@dy)el Fatod E: AH 1,
3,4, 14, 84X AxFE € FFE SHA
=

o

- 302 -



" (7

1x1x1 cme HKSH
o] 0I38 Stud

10cm
o
D

46cm

Fig. 1 Size of Test Specimens

Fig. 2 Measurement of Drying Shrinkage

Fig. 3 Demec Gauge & Stud

Fig. 4 Curing Room

3.1 OPC2 LMCS| HZ5$5EM

311 28 A g E Wl E A8

Fig. 5 % 62 8% TEUE AWEZ AR
el AR 2 E(LMC)Y Zi?::-’f-' O
Hebed AdzxAAREe] #AZ Je)
A 282 LMCO AzFHe E}Ei‘i ;@?J%f’
Z7e) wel Zadn gdr EUFE %A=
Az5EWEEo]  4.013x107* , OPColA =
7.663x1071 c2M o 48%°) AXFEAAS
Holm it} dwtyor ZagE Hz$He
S sgo]l FLFE Fadte Aol Ho|=d),
B AT gdx A Zazjedas 29 29
2N ZEls EQQEO] FAEFE dYs B
o #AT 7B2E 7?%49} AZFES PF2A7E

Mo ud jo 2
1 2 o
=2
o
2
i
it
A
Lo
i)
D)
i)
o

Fig. 62 el €98 Wil me LMC &
Wahee Yelle Ro® AzAE 8ol
2 EYE 0%, 5%, 10%, 15%, 20%H w z}zt
ZlBel oF 32%, 2.0%, 1.4%, 1.0%, 0.7%% = 2|
FhaE Holm 9ok oY FHx Y 2
HES 3 wshgol Hx EYFY F7
& gast:s 3%e mol: oft ®azsy

g2 WEel Aol €% mEde P
of Zldgchi 4z,

~~——k—— OPC WIC - 56%

—-O—— LMC{5%] WIC - 45%
—— LMC(10%) W/C - 42%
——&—— LMC(15%) W/C - 35%
e LMC(20%) W/C - 31%

8+ T

Drying Shrinkage ( x10™)
-

6 A J’ ‘. L L ‘I ; 1 L
01234 78 14 20 28
Dry curing Period (day)

Fig. 5 Drying Shrinkage of OPC & LMC

- 303 -



o
o
-
OHA
P
k)
-
oft

Dry Curing Period ( day ) 3.12 2-A|HIEY| Hato] ot A

Fig. 7& 2telx EQIES 15%2 133 AE
oA Z-AWENES 33%, 35% 37%2 WEE F
AL W AZFFEAE JehUdT AxAH 5
A7A e YA AFTFS Bolx] @iyt 5U o|F
BE EB-AWEWI YE&FEE AzFFHol #id
e A%E Holu don AxAH 284 E-
AldEY] 33%, 35%, 37%% o A AzFEWEYEE
e 9k 3.55%107%, 3.637x107* , 4.25%x107" A
=2 B-AWEHI %24 E AXFEFES A
e 43S Jehli ok Fig. 8 E-AlWEY]
Wale] wE FHNGES JEhd 2R Az

Weight Loss ( % )

99 AR AxAY 59 I FRE B

[

A AEH 7} 37%, 35% 33%Q) £oB FUUAE
Bolm glon HAZAY 28UolA E-AldlEN]
37%, 35%, 33%d w ztzk o 095%, 0.81%,
. 0.77% A 29 $F74E HA

—@—— LMCWIC.33% | : :
i LMC WIC - 35% ! : _
e wowe o ) 32 RSC2 RSLMCS| A=FH5Y

N
-

Fy
T
|

| ! 321 242 gl E Hsalo] ofE HE
v Fig. 9 % 102 2& |dE E38
i 2&7 AWEES A3 gd
____________ L (RSLMC)8l Az+% @

L}
w

& I
)
o
&

o

BN
2

B

'
|
|
'

-L L i N

»
T

T
'
'
'
|
'
[ a3,/
‘
'
1
'
1
L
'

o #AE vehlm ek
RSLMCSl ¥z &8 Wbl B Axs
F54¢ AzAY 59 olF Hux TUAF 0%,

Drying Shrinkage ( X10™)

T
'
'
'
)
'
L
'
'
|
'
'
L
'
|
|
(
'

| v
/A SR

Lttt el a e

T
L it et el il o

o RCR--r-----p-----pF-----p

N
B oo
Lo

5%, 10%, 15%, 20%°] £22 dxF55 2 5
L A% AYE Holn ok A2 289AM A
Dry curing Period ( day ) 5?%%%%\% E}-Ei]_ﬁ ‘-5:_%],3_ 0"’20%%]. ILH Z‘}Z‘}'

—4 —4 -4
Fig. 7 Drying Shrinkage of OPC & LMC by WIC o 2.512x10 . 2.3%107%,  L7x1077,
Ratios 1.502%107% ,  1.488x107! A==z gz
595 20%e A$ RSCHTE oF 40%e Ax5Z
B2gc old olfE BE ETEHAS AWE
4% g2 A ZLHEAMOY AxF
A9 vt E FY Ay 2ud o
E£9dol we GAFRLY 2azeyRe
glels WEwe Yo ARTY 53}
Z7kel7] wWgolatn werETh £F @S
~ T 9@ B-AdEH S 7AE SBR hdlx AJAkA
s P . T A7tE el e dAAL sloje] A7 Aolg 35
; ac.
! ~ Fig. 102 €= &8 W W& RSLMC
r o F%usge debd Rolth 2PN BKo)
——h—— LMC{15%) WIC - 33% E}Ei]—’:- ?}?J*Ew] %‘7]'22’)1"'% ‘\;_}"?‘]‘)l:aok ?:‘-’hs’)r E}
li t:ﬁ?li:iﬁ’,‘é:?i] dlx gEue FHoR AF HEA 7|5t
2l - = ' F3usigo) Zass 4% woln 9ok

Fig. 8 Weight Loss of OPC & LMC by W/C Ratios

©
o -

af---
abo---
~bk----

gl rlol
)

o
MR

Dry Curing Period (day)
14 18 28 2 A

il

-

f

T oo
y fo

¥ -~

|

0.5 |-

M 2
o

Weight Loss ( % )
T

- 304 -



——&—— RSC W/C - 49%

(e RSLMC(S5% )} WIC 46%
e RSLMC{10%) WIC 42%
e RSLMC(15%) W/C 38%
——s—— RSLMC(20%) W/C 34%

Drying Shrinkage ( x10™)

1
w7 28
Dry curing Period ( day)

w b
& f
o -
-
®

Fig. 9 Drying Shrinkage of RSC & RSLMC

Dry Curing Period ( day)

Weight Loss (% )

3

]

: ~———&—— RASC W/C-49%

N I (o ASLMC(5%) WIC - 46%
{
'
I
{

'
i
[

e RSLMC(10%} WIC -42% |,
——— RSLMC(15%)W/C -38% |1

—————— RSLMC(20%} W/C -34% |
i

el L I L

Fig. 10 Weight Loss of RSC & RSLMC

AzAF 28UelN ez EQYE WSO~
20%)l @& RSLMCe F#uige 2tz o
1.09%, 0.72%, 0.43%, 0.29%, 01%H ==z gelx
EAE 20%e AF RSCRT Ao 1MAES #

s8E 4%E 230

o Mt

I~

322 E-ANHEH Hslo otE A
Fig. 11 % 125 2-A0EH Aol Be 24
A AWEEZ g dus A gade

(RSLMC)e] H =

P
Sy
I
o
=)
ol
off
2]
o
o
o
=
Buj
=

e RSLMC(15% ) W/C - 38%
——— RSLMC(15%) W/C - 40%

1 L '
: [ i ASLMC(15%) W/C - 36%
1

1

i

1

n
T

_-_____‘._--_.._.‘...._____
e e e — e — g -

Drying Shrinkage ( x107)
L]

e
by

14 28
Dry curing Period ( day)

Fig. 11 Drying Shrinkage of RSC & RSLMC by
W/C Ratios

Dry Curing Period ( day)

01 34 7 14 28
T
1

Weight Loss ( % )

———
e RSLMC(15%) WIC - 38%
~——— RSLMC{15%) W/C - 40%

T 7

RSLMC{15%) W/C - 36% J

g g B

1

Fig. 12 Weight Loss of RSC & RSLMC by W/C
Ratios

U T e Al A Tl o

e

- 305 -



S B

Fig. 11el ueht dxol Azxx# 2894 &-
AulEH  36%, 38%, 40%9 A% 4%
1.295%10™% , 1.502x107* , 1.525x107* A& ¢

Az5EUYES Yehla 9

Fig 12& E-AHEd] @5 w}% 257 A4
EE A4 gz Ad FaEed FPESE
& v Aoz AzAHY AZFFUIES
Aol vl Fo] B ?w%— | BHReE
&0 Zrbske AN ARFEHIH BAFEH
o) 45 Aol A %—%-n 2 4 A
4. BE

B oo s AR ZF o u}g ].al/k 7H7J

=
taalE«l AzyE5EY 2
Y =4 Z?MVH e} e
& 15%Y We E-AHEY
stua 4yg sYde g 22 dESE EF
% 4 Ak

Y 2 oA #HEz EQE W]
g LMCe AZzFEFIYELS AxAH 28de
4 Aeag EQskA %S OPCET s &
AE 20%0A o 48%9] DEFH] Tadte H
o2 vehgt

2) gEla 15%Y e BE-AwEu ¥ ut
2 Az5EAYEL AxAFH 28AdA E-A4
Ey] 33%, 35%, 37%d W A AxFEHRFELS
of 3.55%107¢ , 3.637x107% , 4.25%x107* AER
E-AuEuyt 285 E AZFEHS 24U

3 59 zyg zAoA gEs %‘% A 3t
2 RSLMCeO AzxFEFHEEL HAxAq" 59
% gea EYE 0%, 5%, 10%, 15%, 20%9)
oz Ax5F Fad FUW 4% Bl 3l
o ges EQE 20%2) B RSCHTE oF 40%
AZFE

4) Z-AwEy Wsld m& RSLMCe dzF
W8 EL ges 15%Y we AzAH 28U
B-AWEY 36%, 38%, 40%2 A$ 44 o

1.225x107% , 1.502%107* , 1.525x107" A& ¢
AzFEWy e Jdeha gk a8y E-Ad
En) W3l we AzFEFUIYEY B2 A=
Hold ¢kgkr)

upelA] el o] Ele AlME TR A
o], WAEAANEZ 2olE LMCH INFERTEL
2 ol 2 RSLMCO &3 HE&A =7 AxF

_l

oz @AY & b TES FIRE 22N
Fdee #UE + AN

[1] A%, 24% 283, 4T, FFT (200D

EE ALEE g A 239

a8 EE3

, pp. 1029- 1034

(2] 7:171??4_, Fol okE R &R, © 53 (2000)
‘e A YH%_] "ELEJEF' 01%‘?} n&EEE

e WRHE, BREYTHI GEUR

=52, pp. 117-123.

[3] &9b(1991), AZFZ=9 Wy ES £
g gaz|ESI R, 434 25

[4] RF3=(1990), Creep ¥ Shrinkage Ao E #
% n7w FAYE W], ZAEFIA,
A28 3%,

(5] o] A1& - whd& - uhe)
AYdE 7 2 AF
=&, A9 23

[6] Y. Ohama(1987), "Principle of Latex Modification
and Some typical Properties of LMC,” ACI
Material Journal, Vol. 84, No. 6, Nov.-Dec.
1987, pp. 511-518.

[71 M. M. Sprinkel(1988), ” High-Early-Strength

Latex Modified Concrete Overlays”,

Transportation Research Record 1204, TRB,

National Reserch Council, Washington, D.C,

pp.42~51

State-of~the-Art Report on Polymer-Modified

concrete, ACI 548.3R-91

{9l J.J. Michalyshin(1983), “Shrinkage of High
Latex-Modified Concrete versus
Conventional Concrete Containing Water
Reducers” Dow Chemical Company

[10] Y. Ohama, and S. Kan(1982), "Effects of

Specimen Size on Strength and Drying
Shrinkage of Polymer-Modified Concrete,”
The International Journal of Cement
Composites and Light Weight Concrete,
Vol.4 (1982) pp. 229-233

(111 Y. Ohama, and H. Hashimoto(1978), "Drying
Shrinkage and Compressive Creep of
Polymer-Modified Concrete,”(in  Japanese),
Semento-Gijutsu-Nempo, Japan pp.308-311.

=

48

S - HFA9D, AAE
4% 54, 2adesy

(8

—

- 306 -



