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LMC(Latex Modified Concrete) 2] g 402 At E4
Evaluation of Diffusion Property of Latex Modified Concrete
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Abstract

It is most serious problem which is various occurs from the agricultural concrete structure and off shore
concrete structure the problem which it comes to think is deterioration of the concrete which is caused with the
corrosion of the reinforcing steel which is caused by with permeation of the water and the sea water. Specially
the off shore concrete structure has been deteriorated by the steel reinforcement corrosion. The latex modified
concrete(LMC) was adds latex in the plain concrete as the latex has increase the durability of concrete. This
study were accomplished to the estimate the diffusion coefficient of LMC, and the time dependent constants of
diffusion. The average chloride diffusion coefficient was estimated. Also, the average chloride diffusion
coefficient was compared with diffusion coefficient test results of 28 curing days. The test results indicated that
the average chloride diffusion coefficient could closely estimate the test results of the diffusion coefficient test
results of 28 curing days.

Keywords : Agricultural concrete structure, Average chloride diffusion coefficient, Diffusion coefficient, Latex
modified concrete, Offshore concrete structure
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Table 2 Physical properties of aggregate

Type of Ma)(}mum .. | Absorption | Abrasion
aggregate size Density @ @ FM
(mm)
Corse agg. 13 2.65 0.35 28.45 6.92
Fine agg. - 2.53 0.67 - 2.99

Table 3 Physical properties of Latex

Concentration |Specific Surfe}ce Par'tlcle Viscosity
@ aravity pH tension size (cps)
(dyne/em) | (A)
46.9 1.02 | 1055 | 30.565 1793 44.33

Table 1 Physical and chemical properties of cement

' Fineness modulus| ~ Density Stability Setting time (Min) Compressive strength (MPa)
Physical (cm’/g) (g/mm?) (%) Initial Final 3 days 7 days 28 days
properties
3,200 3.15 0.02 220 400 20 30 38
Chemical SiO2 AlOs Fes0s Ca0 MgO SOs Ig.Loss
properties 19.85 4.90 3.16 61.61 2.93 2.85 1.5
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Table 4 Mix proportions of LMC

(kg/m’)

. Typeof W/C LS/C Sa ke/m

mix(W/C-LS/C-unit @ @ @

cement contents) v v v ¢ w S G Latex
33-15-400 % 15 64 887 760 128
33-10-400 10 87 914 783 85
39-10-400 19 10 400 111 881 755 85
39-5-400 5 133 908 778 43
45-5-400 45 157 874 749 43
33-15-350 33 15 - 56 942 807 112
39-15-350 15 77 913 782 112
39 350

39-10-350 10 97 937 803 74
45-10-350 45 10 118 908 778 74
39-15-300 39 15 66 972 833 96
45-15-300 5 15 300 84 947 812 96
45-10-300 10 101 968 829 64
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LMC(Latex Modified Concrete)®] @40l ZAF EA
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Table 5 Applied voltage and test time with early electric current (NT Build 492, 1999)

Initial electric current at 30 voltage Applied voltage (V) Initial electric current at applied Test time
(mA) voltage (mA) (hours)
I,<5 60 I,<10 9%
5< 1,<10 60 10< 1,<20 48
10< 1,<15 60 20< 71,<30 24
I5< 1,<20 50 2= [,<3 24
20< 71,<30 40 25 < J,<40 24
30 < [1,<40 35 B < 1,<50 24
0< 1,<60 30 0 < 1,<60 24
60 < 1,<90 25 S0< 1,<7 24
90 < 1,<120 20 60 < 1,<80 24
120 < [, <180 15 60 < %<9O 24
180 < [, <360 10 60 < 1,<120 24
00< 1, 10 120< 1, 6

30

ol
Hl
off
ol
o

3= ANE A4, 2008



upg7) - 9 - uR)
U ALE Agky) g 120
. *1‘0/\/\ " ‘g 10.00 X\
R 7V R=18.314J/ (K « mol) =% 400
T AP AAT B O SR8 A e R W 5
iat K) é x 4.00
L: }‘]19] —‘:r”ﬂ(m) & 200 --33-15 ——33-10
- @2 E70\m) 0 00 —0—39-5 —X-45-5
X q oL T 7 28 56 91
A Curing age (days)
¢ dedol 288 AITKs) (a) Coefficient of diffusion of LMC at C=400kg/m’
erf "1 QAR o
_ 12.00
ey 2T BA0] BB FE( (x9N P
e, AALO] O3] Mo WEL @B BE  jew \
(¢ ~0.07N) i
2% 400
g 2.0 —+33-15 ——39-15
8 —A—39-10 —e—45-10
o] Alof|A] erffl(l_JiOZADl = 198 ojlm& 0.00 ; . - "
B Curing age (days)
Flol A@e AG)2 ol 7ot o= ItHTang () Coefficient of diffusion of LMC at C=350kg/m’

<, 1992).

L
(U-2)t

( 00238\/%) 3)

AN, D, ¢ EARES 9%
U A HeHY)
T .

D nssm =

AT m 2 s)

Y SARIE 0| A 9] F%E“A A7FE 2 E-A
HEH] 9] ¥zl w2 A FE Fig. 1o UerH
otk Fig. 1(a)¢k 7o) EHAIUHEE*O] 400kg/m’ 21

T— 0
Higol A= Els A7kl w25, E-AMEN|

Journal of the Korean Society of Agricultural Engineers, 50(4), 2008. 7

16.00
14.00
—~12.00
S

$10.00
£ 8.00

2 6.00

X
~ 4.00
2.00

0.00

—{3-39-15
——45-10

—O—45-15

Coefficient of diffusion

7 28 56

Curing age (days)

(c) Coefficient of diffusion of LMC at C=300kg/m’
Fig, 1 Coefficient of diffusion of LMC with cement

91

content
7b SE5E AT WA vk Qi Ao
T s EZPE’“OM% Aol 27kl
ue} ST} hasks Ao et ok 4
PO Pes a}w QJrFEo] B2 AE
A5 fapkgo] s ool v Lz

7b o AgeA =] wiEdl AoR AlmEth
Fig. 1(b)¢] SAHE=ZF] 350kg/m'l v A=
400kg/m’' Q1 vkt EAHAIR7E & 2 e
& 4 Qiok olEg Auk= LMCY 3=
sh=t 3101 gel 0] gFo] w7 uf
Ut o & QA HEFo] IFASHH H7te
A9 o fHAel] wiRe] sHEAR Qg

o

rr

oX, }E

o
=

ot

e

2.—?1

fir do o %

o

!

31



LMC(Latex Modified Concrete)?] ¢axo]& Al E

ox

o] XWsl Gaprh Aopx|7] wZolct, 1
oz goAuESo] dolhxut glElA  FH7leko)
= iRelde W A e dErslch &
AHER O] 300kg/m'Ql HiRe] SAASE ek
W Fig. 1(0)ollX= Akl ghol APel wiet 24
HaEE 2 o 4 qrk 2 gslAHEsl
350kg/m' Bl SRAHAG7F 34 Jehdta Qi
oo} 2o AWE Mo} USNHERY] kil ol
svpo] as WANA BAASE 27 A
2 o 4 gtk EF FUT GINHEeIAL o
B Grlge] 245 AL Aol o A

ool KSR o 2 RS el & 4 9tk

LMCe] gitAee 2He2o A7kl met o=
Al GERIL Sl Fig. 2= DRIAMIET 400kg/m'
o Higkoll A SL-SAHERY o 2fEls 371
o Higke] B E vehfal gtk E-AME

H]7} 33%0 Ao AL glElA Hrleko] uke

TE % %k" UEPH L Qlct. oldt §42 &-
*lﬂilEHV} 39%%) oMM E L AFE 2=
AR et FYUs E-AMEH| A g
7FF 15%91 Z5-9F 10%2 4%, AE F7}o] w2
gum] ) qu} ABFS W a}ﬂl/\ 71eo] =L

Sl A Z710] T2 B 747 10%
o o] Agmct A Uehka Sich, EARIE

)7 39%%) 7fole Fdet A e Qe
9.00

- 8.00 7 days 28 days

2 ' W56 days MmOl days

E; 7.00

= 8 6.00

°2

‘6(:’5 5.00

='s 4.00

5 =2

5 X 3.00

= 2.00

3

S 1.00
0.00

33-15 33-10 39-10 39-5
Type of mix (W/C-LS/C)

Fig. 2 Coefficient of diffusion of LMC with latex
(C=400kg/m*)

32

= Ao EOJEP.

3 S-AlHES|of T2 B4 SA

Fig. 32 WA MEZF 350kg/m’ Q] BjgtollA &-
*lﬂilEHV} U of e A YUl Apolo] mE
S YeRfL ik 5Y el Ao 2-
AlﬂﬂEHloﬂ w2 AR EAS B4 B, g
A Z71F 15%920 Z$-ol= 33%91 7B9-2F 39%¢91
7499 kAl Zpol7h A YERaL Qltt. o] st
A= A 2719 8o gt YRRz} T
o] A2 vigoA H& FHxEo] Kk YAls
5 HA FAs7] el Ao weE AN 2-
AHEH]7} 399% ol4ke] o= vt FYE=
Aol Wyl wjRof o]H3t o r HFo] A
A YRl Qlct, ShANE AjEo] MefHof uhet
e AR Aoz 7AstE oz e
ek SAEEZ ] 300kg/m' ¢l MiEHE 45%
o] 5U E-AHERE Zh= uligto|A] el 7}
o] A2 wigte] A9t 27] AgoA e
7}%01 . HH Stech AAR7E 24 el gl
| % 7V ZH= e Bl
H7} o wfgto] W e Ak
&4—% o 4= Qlth o= E-4

rﬂ_%

12.00
s 7 days 28 days
‘s 10.00 W56 days W91 days
2 .
)
S § 8.00
°& 6.00
c O
=
S x 4.00
» 2.00
Q
o

0.00

33-15 39-15 39-10 45-10

Type of mix (W/C-LS/C)
Fig. 3 Coefficient of diffusion of LMC with w/c
(C=350kg/m’)

ol
Hl
off
ol
o

3= ANE A4, 2008



gAg7] - 45 - uEdy
.00 Bglo] A4ste 54 vehiglon, iR
- 14.00 7 days 28 days =10 L= =1od 5} W AooIA ARAHZL
_g 12 00 m56 days W91 days = 7}-<O]‘7ﬂ 0]‘}»)\]:]‘ »tEx_ 2= oToﬂ ﬂ = 07:”7‘
Sl R7F w9 7 Ueht Aol wheh maele
S E 8.00 HO| x7} Ay oRA HikE o] 59 gt
52 6.00 o] AAHk= S & = ATt
o X
S = 4.00
S 2.00
© 12.00 —¥-33-15  ——33-10  —A—39-10
0.00 5 10.00 -0-39-5 455
39-15 45-15 45-10 g
Type of mix (W/C-LS/C) =% 800
Fig. 4 Coefficient of diffusion of LMC with w/c N
and latex content (C=300kg/m*) =% &0
5 X 4.00
WEH} R4S RAE Yy Fxoh PASE 3 20
7] ool ‘%EM“ Aijoltt, 0.00

4. ol E A
YA HEZT E-A|HEHR] 1
T th2A st AAE gl
AT Aol wt sl A
t}. ol AMEZ} &3} Hkeste] Tﬁ}ﬁ
ol 2329 RS Aol AghE OM
2l 352 A F5TEE AU Ak ol
g 542 Elal AR d o ALs AA
Hr. A7 o] e 2
FeE F2E dskm olewE EAste] AP

Mongat 5(1994)2
SR BAE o A4t ol AlZkeEg e
2 Uehflct.

A A

O:::

D=At B )

A7|M, p: FAE F FholE AT /s)

geles W7, e A
wsq el ZHEMI T st
2 2359 g
2 Fie 5011 e ur P
HHULOH et AFE Al HelEA
ﬁ# 71E AdAEl oftt Anet &

Are e A7 S-AMEHf

_l

-

oX, ruQ rulo

Journal of the Korean Society of Agricultural Engineers, 50(4), 2008. 7

7 28 56

Curing age (days)

(a) Coefficient of diffusion with curing age
(C=400kg/m’)

91

. 12.00
S
2 10.00
=
S 5 8.00
SE
=% 6.00
=)
ST
© X 4.00
S 2.00
(&)

0.00

7 28 56

Curing age (days)

(b) Coefficient of diffusion with curing age
(C=350kg/m’)

91

16.00
14.00

312.00

&

~10.00

NE

% 6.00
4.00
2.00
0.00

—0—39-15
——45-10

-{-45-15

Coefficient of diffusion
-1
@
o
o

7 28 56
Curing age (days)
(c) Coefficient of diffusion with curing age
(C=350kg/m’)
Fig. 5 Results of coefficient of diffusion with
curing age

91

33



h
=
Q
=
1)
o+
@
Ed
=
o
o
=
@
[oN
Q
o
B
o
=
[0}
+
&
1o
2
P~
o
ro
o
2
A
o,

o] Ydehe NES =Usidich. gaole St
Ae] AZREEE 1T A d3tE olsk
= W e At BdE 4 9lon 4
(5)e} o] Yehd 4= lth(Poulsen, 1994).

H= D ,t= fOtD LDdt ®)

o714, D, FAHAS p o AE gAY B
4ol A (m /s)2A TR Al(6)o.2HE At
Ao] 71s3cHPoulsen, 1994).

D,=% fOtD (Dt ®

Aub o2 ShAAIO] A|IZROIEA] S ThS A(7)
THPoulsen, 1994).

1>
®
U
i
m,
2

D (D=D , ,if (D )

(Kt,)
®)
(¢=t,)

A7, D, .t TIEATE p A2 280X &
AHAI(m /s)

m - A AEAE Uil AEAe
(0<m<1)

¢+ SRR AR (YN 02 25~304)

34

>

AFr(m)e s skl Aol
AT AI} Hokro BAR FAEE A

A = e
1o
u
oL
o,
Ql
>

[q- 1l

S Tefslel 2AFSE Lehfo] FHRAS A

at9ich Fig. 62 WA WEE Aol w2 Al

< 10660

@ Os83-15  ©33-10 |A39-10 08395 X455

hapeny

58

S E

=% s

c o

2% 4 a o«

= g Q

(]

8 o

o

1 0 100

Curing age (days)
(a) Log function of coefficient of diffusion
(C=400kg/m’)

- 106-00
E ©33-15 039-15 A39-10 045-10
=)
=9
=8
S E
= 10690 4
g2 9 % g
X 2
5
o
o
66
1 10 100

Curing age (days)
(b) Log function of coefficient of diffusion
(C=350kg/m’)

400 o0
0000

039-15 ©45-15 A45-10

(x 107" /sec)
>

Coefficinet of diffusion

66
1 10 100
Curing age (days)

(¢) Log function of coefficient of diffusion
(C=350kg/m’)
Fig. 6 Log function of coefficient of diffusion with
curing age

ol
Hl
off
ol
o

3= A0d A4z, 08



upg7] - ¢l

pink

Z 3
%9 .

=

k)7

Table 6 Time—dependent constants of diffusion with mix type

Type of le Unit cement ,Comems Function of regression analysis Rfsq})lare Time=dependent constants
(w/c - LS/o) (kg/m’) R (m)
33-15 y=18.96xx ~ %0 0.824 0.50
33-10 y=17.38xx ~ 04 0.917 0.44
39-10 400 —16.24 xx ~ 03 0.924 0.31
39-5 y=13.11xx ~ 0% 0.870 0.26
45-5 y=18.98xx ~ 0% 0.927 0.26
33-15 y=15.98xx ~ 028 0.966 0.28
39-15 ) y=18.13xx ~ 0¥ 0.978 0.30
39-10 w0 y=16.78 xx ~ 7 0.932 0.27
45-10 y=17.23xx ~ 0% 0.866 0.22
39-15 =17.50xx % 0.927 0.26
45-15 300 y=16.29xx ~0-18 0.900 0.18
45-10 y=922.89xx ~ 0% 0.997 0.25
Table 7 Time dependant constant and average diffusion coefficient
(Tviiefisng 33-15 | 33-10 | 39-10 | 39-5 | 45-5 | 33-15 | 39-15 | 39-10 | 45-10 | 39-15 | 45-15 | 45-10
Diffusion coefficient at
28 curing age 3.97 4.06 0.6 2.61 8.2 0.88 6.93 7.21 9.11 8.08 9.71 10.02
(<107 m/s)
m 0.5 0.44 0.31 0.26 0.26 0.28 0.3 0.27 0.22 0.26 0.18 0.28
(XlOg ) 0.40 0.52 1.28 1.61 2.35 1.54 1.65 1.97 3.14 2.31 4.04 2.62
(le,iy;l) 0.13 0.17 040 | 051 0.74 0.48 0.52 0.62 0.99 0.73 1.28 0.83
Ae] BG4S ekl Ao, HUEAES B 24 A5 oledmolt BIRAY AN o
dofdl A} SpAee] WARALIE el 5ol A4S 9T Wik TS WAk o
AS Table 62 2} 74 wfglol ofst AZIZA Sk T ARS B3 Qojal 289 SAASE olg
L oA ME 400kg/m' Y AL 0.26~0.50 Abo] Bk Bk FAMAet BlaEAskc *lﬂ«lifo*#
2 Uepton], 350kg/m Y mE 0.22~0.30, 18] (m)= LR B P o A0 20l
31 300kg/m' Y W= 0.18~0.260.2 Uiepgdt), whg)  HERE o SicH(Poulsen, 1994).
ARERo] 345 AR o WEol o
4 JA YERTh D.,=D,. t;ef>m: f_a;;f( t;ef>m ©)
b EOlE g BT 88 9 H©F olgato] AW g B A
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Fig. 7 Comparison between diffusion test results
of 28 curing days and average coefficient
of diffusion
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