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A Study on Thermal Expansion of LMC and RSLMC
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Abstract

Latex modification of concrete provides the matenial with higher flexural strength. as
well as high bond strength and reduced water permeability. However, If the thermal
expansion properties of overlav concrete (latex-modified concretes) are big different from
that of substrate (ordinary portland cement concrete), these would cause a big interfacial
stresses and result in premature failure. Therefore, the purposes of this study were to

investigate thermal expansion characteristics of latex-modified concrete with cement types.

The result of thermal expansion showed the coefficient of thermal expansion of concretes
increased with latex inclusion. The coefficient of thermal expansion of RSLMC was a little
smaller than that of LMC, which might be due to the finer cement grain, compacter
mternal, and stiffer properties of concrete. However, the coefficients of LMC and RSLMC
were quite sumlar to that of ordinary cement concrete. Thus, this would not cause an
interfacial stresses and will enable to ensure long-term performance of concrete bridge deck

overlays.
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Table 1 Coefficient of Thermal Expansion with
Type of Rock or Mineral

Type of Coefficient of Thermal

Rock or Mineral Expansion (x107%/C)
Quartzite, Silica 110 ~ 125
Sandstone 105 ~ 120
Clay, Mtca, Shales 95 ~ 11.0
Granite, Gneiss 65 ~ 85
Crystalline, Limestone 35 ~ 60
Marble 40 ~ 70
Dolomite, Magnesite 70 ~ 10.0
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Table 2 Physical Properties of Aggregates

. Max Specific | Absorpti
Tvpe FM
Size (r-)! Grawvity | on (%)

~1ne

<5 26 0.71 298

Aggaregate
Coarse 13 2.7 097 6.3
Aguregate 25 28 097 6.77

Table 3 Composttion and Physical Properties of Latex

Sohd Butadiene .
Styvrene Specific
Content Content .
Content Gravity
%) (%)
43 3415 66=1.5 1.01
Minimum
Average
Strface Film
| Particle pH
Charge s Forming
1ze
Temp. (C)
) 1900 © _ .
No-onic o 95 4C
2500 A

Table 4 Mix Properties of Concrete

WIC Mix Proportion (kg/m°)
Tyoe
%) | C W L G S
OPC-BD 45 | 392 | 177 | - |1072| 714
LM3-L10 89 | 83 | 751 | 975
LMC-L15 33 | 400 | 67 | 125 | 728 | 946
LMC-L20 45 | 167 | 706 | 917
RSLMC-L10 104 | 81 | 727 | 945
RSLMC-L15| 38 | 390 | 82 [ 122 | 707 | 918
RSLMC-L20 59 | 163 | 687 | 892

23 2 E S Hskd 910em=x20eme] 4FEH FA]
foy

zade AR YPLEs

Fig 2 Specamen for Thermal Expansion

(2) 2xA )2 2xWgigEe] 24

THe AL 2IYEV} 4BEHA
= -0CT~60C AEZ AT § glo,
o Alg® 2E#S AoAY EAHw
T~80Colt}. =g 0Tolslol = 52
2 23zl S4AAH] oYL oez
JE gAZAPG s EEA|E ¥
T~55C® HAsHAr)

AR ~EHQ AAE A3

0.

ol i)

fe o % e o
o T e o
o o ot

{3
i

,d
3

o

ol
>

offt ogt
e 2

rio
ol
i
Ay
ol
ol
rr
O
ro2
A
i
N 1“
o
{m
lo,
o &

>
rg X2
1o

o7 95 o thermocouples £

B 2zwWaEgs AIFY 5T
Ao UR2xd JR2TE A v 2
AAY] UYEeze R ZAs
Fig 39 2@z 2 Z=A3te Jdgugdch &
TS A7F I0CE 8L ASdE A
o,

o
H

v
> oo o B ot 2

+ Enterlor Temperature of Specimen — Exterior Temperature of Specimen

Lemperature (')

0+ +— +——

" 200 400 600 08 1000

Time (min)

Fig. 3 Interior and Extenor Temperature of
Specimen with Temperature Change



HHrled N FLdA G 2]

2o
s,
4 %

(3) @BRALe 2%

Adol 91 @ W B Asids B 2=
A9 AT ol§F BFAS AP B A
oNe AARATS Lx@sel Be Aol
34% 9A7 washl g2 ols
o) A3 o) SRLATE AR,

Je (eg—eg)—(eg—ey)
=T T T,-T,

o 7)A,

Ac: gazEe] AYZAF
Ty, Tz : FAYE A HY YR2E

€qr€ @ Ty, TeollA S22 E ABY HYE

€a4,€ @ Ty, T4 gage factordl & ¢

ai 1 xt

4. 4 EnE-

g

il

2

4.1

2

=

o

=
-

Fig. 4= 23gE9 A 289 d&Z=E
B RAoT OPC-BDE 342MPad ¢4E4=&
vehfigies LMCY 4E74 e dHx EY4E
10%, 15%, 20%9°l we 42.1MPa, 40.2MPa,
349MPa¢] 4= =& Yehlidch. RSLMCY &
275 Jgda EYEd wat 27 51.0MPa,
470MPa, 447MPa®] 4&72 =5 YEAH.

LMCSF RSLMCE @ela Z¢gol 718452
EZAEE 2423 E 2SS Jdguden o
HAe ANYE Hol2Eg FAY AR RG

i

S $ k3 2 2

Compressive Strength (MPa)

3

OPC-BD IMC-LI0 LMC-L15 IMCIL20 RSLMC- RSLMC- RSLMC-
L1 Lis 29

Type of Concrete

Fia. 4 Compressive Strength of Concrete

A7 =23), AUF AZ, 2004,
# 04 A & 5 # Z & 3 7

gelxagl gAY RAFE A7 G &
o] stelsst A RAAGAN FAH7 o
oz sddd.

42 2T Y5t e E238(EQ H

os’t

Fig. 5~112 £EALZ(I5C~56T)NA &%
Wt WE Fagded WIAES =As ug
W Roz o m zYxe] J)ev)rt 2AHE
QARASE Yebdrh
43 2tElA ZolEo w2 JdgE

gel~ TUEo] 2 LMC® RSLMCe <3
BATE Y 1290 YeERFY G

LMCY ZFEx EJE w2 dWAAsE 4
HE®W LMC-L109 E3AAFE 439~549x10°%
T, LMC-L159] €33 A4E 605~818x10%/C,
LMC-1209] @9%4744E 663~887x10%CE 1}
BTt =% RSLMCe fEH33AsE ddx
EYLE 10%, 15%, 20%0 =} 4.10~6.46x10%/C,
553~751x10"%/T, 593~833x105%/C=& v}Ebyic},

A4y A4 ZBeEx FYE0] FTESFE LMCe
RSLMCe <€#BFASTE F7ste 43S el
2o, RSLMCS] d#ZA%7 LMCe 2337
Sud o e e JeEde ¢+ I

¢A AFH e 2ol SHzy EYg T
545 LMCY RSLMCY ¢33 = Z4asgn
AR ZAFE F7keke AEE JEURi o8
AL A9 AF5A=S ERAASFY BAY
4 g ,\_i LMCs} RSLMCH] e~ &
dEgdd gE A=Y ERFASFE 1Y 1379
149 E*]%Piit}.

£ %

Real Strain (s X 10%)
g 2

Temperatare (C)

Fig. 5 Real Stran of OPC-BD with
Temperature Cycle

_168_



eIl A FH Gt JHrled 7L
R

LMCs}
359 ]
3
e
o !
: l
ERT
: !
3
Z e
g %
x
%+
I
. { |
£l + —+— —
" 20 3 “ “ “

Temperature (C)

Fig. 6 Real Strain of LMC-L10 with
Temperature Cycle

-
<

2 3 @ s

I
!
]

Temperature ('C)

Fig. 7 Real Strain of LMC-L15 with
Temperature Cycle

Real Strain (r X 10%)
o

10 2 38 490 S0 o

Temperature {T)

Fig. 8 Real Stran of LMC-L20 with
Temperature Cycle

- 169 -

=2F), A24H AZ, 2004,
SLMCe @#% 4o #@ A7

H

|

1y
£y

Renl Strain (e % 10°)
- & B B

50 +
10 3 “ S0
Temperature (C)
Fig. 9 Real Strain of RSLMC-L10 with
Temperature Cycle
350
) k
- 25
‘E k
X
; 150
¥
L]
[
5 L i A
10 20 3 “ - ]
Temperatare ()
Fig. 10 Real Strain of RSLMC-L15 with
Temperature Cycle
350
o 1
!
L2 4
2
T !
El‘l
Z 1%
E / 1\
4 '
' p
- 3
“ 1" 20 n 4 5 o
Temperature ()

Fig 11 Real Stran of RSLMC-L20 with

Temperature Cycle



« 1MC > RSLMC — wverage '

=

~
v

Coeffident of [hermnul Bxpansion (¢ x 10 %C)
- S
¢ -
XK >
asom o worh o
. ) i
:

IMC-L10 IMCL1S LMCL2M RSLMC-L18 RSLMCL}€ RSLMCL28

=

Type of Concrete

Fig. 12 Coefficient of Thermal
Expansion of Concrete with Latex Content

Fig. 410~4.114) veld vle} Zo) 453 x
SHZAFS BAE o= A= BHT BAAE
A geon geHz Qe BE 4FAES 4
BFAF BAA P e A8E FHIGH
LMC¢ RSLMCO st&A=2H ERZATE

= & X
% @ F gl

F 9e Aoz AvEg

3

2

¥ Avenge Corflicient o Thermal Expapsian. |
-~ Expmsicn Coefficient Tendency i

I
w
3

Compressive Yirength (Mpw)

Coefficlent of Thermal Exputton (x10% Ty
S
i
L
2

LMC-Li0 LMC-L15 IMC-L20
Type of Concrete

Fig. 13 Compressive Strength and
Coefficient of Thermal Expansion of LMC

'+ Compreseivs Srengts B Average CofTicient of Thermal Expaosion.
= = Strength Tendency

——Expnsion Coeficlent Tendency

B
Y
£

=
-
v
\
¢

2

CoefMieient of Thevmal Expaston (<10% Ty
o
. '
i
\ ‘
N
f ] )
) . !
‘
.
\
f
) \
1 .
i
'
8

o0
|
f

]

Canprevsive Strengih (MPR)

s
’
w

»
|
'

=

EY
-

RSLMC-L10 RSLMC-LIS RSIMC-120
Type of Concrete

Fig. 14 Compressive Strength and
Coefficient of Thermal Expansion of RSLMC

, A24H AL, 2004.
, 3 4 & 4 2% 2 &

3 7
t
s
: | l
i
= i 3
E H
5 1
H
i {
R B
H
|2 H
- ;
s
é 2
I OPC-BD LMC- LIS RSLMC- L1§
0
Type of Concrete

Fig. 15 Coefficient of Thermal
Expansion with Concrete Type

44 2H2|E R0l WE FWHAS

A% A% ZzYE OPC-BD, #AZA A5
LMC-L15%} 218 R4 A 82 RSLMC-L159 A4
A A9LASLSE 29 159 JEh T

oA} zto] OPC-BDY EABIATE 465
~7.83x10°%/C, LMC-L159) €334+ E= 605~
818 x10%/C, RSLMC-L159] QA& AS= 553~
751x10%/CE A 2aWUE dPRASFY HYE
AL fAEA YEUE A2 ¢ 5

ety LMC RAERT mg 49

,ﬂ
fhzz

TA%| 9 ‘:‘Z‘ A
A 2= wWste wZ dIFZASFY Aoz AT
A& Aole §l& AoE FoHEm, LMC uH
EFeolY % FAYEY 1F EFAZE HE
= RSLMCE 71& Z3adEgSY FIAA WA

2Ldge] fE AFL FATE ez Adr

e
=2
=

5,38
2 dFodAde nF ¥ ZagEY LMC =
AZ A 83 FERSAES RSLCMY BA4)
WA esastel wel MBS e AFEA
& n@snA Taces SERAFE WA
HagA doz g & A2 2T F
AR
1. LMC RSLMCe E€33E5A4e 123 4%
g B e FUEFE EAZATE ST
staed, dEATe oo AvtHE HEE o
BT ol SEWSY B Buse 2%
ol 2Alg) E¥FET 2y WEY AR A}
2HYT
S

2. 1% A% Z3FYE OPC-BDY LMC
Z

A
)

283 7208 EF459 RSLMCY SR 34A 4
HAE vud A M ZIZE 2T FAE
FRAAST HYE YEIGEN IF 4T Z

- 170 -



eI A A G Jred T =), AUH AL, 2004.
LMCe RSLMCe €533 544 A8 97

anES LMC ZUER FAAUNA o2
A5 Aoz A AT Aole vHF
oz @ugr

(11

(2]

£3]

(4]

(5]

[6]

[8]

(9]

{10}

e AYF “FTalde WAL =27 4
g 9FEREFTYY FePry =2F
Vol4 Nol ppl6l~164, 2002.
odd HAE A4, Ags, dEd, E9F
HE ANEAY AFE 3 22 EY I4A
7= 2 dHZArs AR UHAEEGS
g F 3] =%, pp7607763, 2002.
&7 BLA, AXT, AFE. ol “z

ppl457150, 2003.

Jack H. Emanuel and ] Leroy Hulsey,
"Prediction of The Thermal Coefficient of
Expansion of Concrete”, ACI Journal
Proceedings, Vol74 Issued  ppl497153.
1977,

“vamakawa, H.. Nakarchi. H., Kita T..
Onuma, H.. "A Studv of The Coefficient of
Thermal Expansion of Concrete”,
Transaction of the Japan  Concrete
Institute, Vol.8 ppl117118, 1986.

Udeme J. Ndon and K L. Bergeson,
"Thermal Expansion of Concrete: Case
Study In Iowa”. Joural of Material in Civil
Engineering(ASCE), vol.7 No.4 pp2467251,
1995.

Xuli Fu and D.DL Chung. "“Effect of
Admixtures on Thermal and
Thermomechanical Behavior of Cement
Faste”. ACI - Maternals Journal. Vol.96
Nod pp 4557461, 2000.

Fandall W Poston, Keith Kesner, James E.
NcDonald, Alexander M. Vaysburd, and
Feter H. Emmons, " Concrete Repair
Aaterial  Performance-Laboratory — Study”.
ACI - Materals Journal. Vol98 No.2 pp
1377147, 2001.



