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56910171: MAIJOR: CIVIL ENGINEERING; M.Eng. (CIVIL ENGINEERING)
KEYWORDS: COMPRESSIVE STRENGTH/ CHLORIDE RESISTANCE/ WEIGHT LOSS
OF REINFORCEMENT/ SILICA FUME/ BOTTOM ASH AND PORE
STRUCTURES OF CONCRETE
SAKCHULA NAMJAN: CHLORIDE PENETRATION RESISTANCE OF
CONCRETE WITH SILICA FUME AS BINDER REPLACEMENT AND CONCRETE WITH
BOTTOM ASH AS PARTIAL SAND REPLACEMENT UNDER MARINE ENVIRONMENT.

ADVISORRY COMMITTEE: TAWEECHAI SUMRANWANICH, Ph.D., 137 P. 2016.

The research aims to study the effect of concrete with silica fume as partial
replacement of binder and concrete with bottom ash as partial replacement of sand on the chloride
penetration resistance, compressive strength, porosity and average pore diameter of the concrete
specimens that were exposed to marine environment for 2 years. The concrete in this study used
the ratios of water to binder as 0.40 and 0.50. The binder replacement of silica fume at 5% 10%
and 15% by weight, and partial sand replacement of bottom ash at 10% and 30% by volume.

From the study result, it was found that concrete with higher silica fume replacement
has higher chloride penetration resistance and lower weight loss of steel corrosion. The porosity
and average pore diameter of concrete with silica fume decrease. The compressive strength of
concrete with silica fume increases and has the highest at 5% replacement of silica fume. There
are effects results from the Pozzolanic reaction of silica fume and the filler effect of silica fume
particle. Moreover, it was found that concrete with bottom ash replacement has higher chloride
penetration resistance and lower weight loss of steel corrosion. The compressive strength of
concrete with 10% bottom ash replacement is higher than controlled concrete, but become lower
than 30% replacement. Concrete with bottom ash as partial sand replacement has higher porosity
and larger average pore diameter. The higher chloride penetration resistance and compressive
strength of concrete with bottom ash are from the higher strength of paste surrounding the bottom

ash particles, due to the effect of internal curing concrete.
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A ' A AQ Y =
A1319N 3-7 AIUNANABUNIAN 1% 1UMTANY

Mix proportion of concrete (kg/m’)

Fine aggregate Super
Binder
Slump plasticizer
No Mix id. Rock
(cm) Portland Water  Sand  Bottom
(SSD)
cement  Silica fume (SSD) ash

1 140 1.0 400 - 160 793 - 1,048 -
2 140-BA10 1.0 400 - 160 713 62 1,048 -
3 140-BA30 1.0 400 - 160 555 187 1,048 -
4 140-SF5 1.5 380 20 157 790 - 1044 4
5 140-SF10 0.0 360 40 155 787 - 1,040 6
6 140-SF15 0.0 340 60 153 784 - 1,036 8
7 150 1.5 400 - 200 756 - 988 -
8 150-BA10 1.5 400 - 200 673 59 988 -
9 150-BA30 1.5 400 - 200 523 176 988 -
10 150-SF5 1.2 380 20 200 744 - 983 -
11 150-SF10 1.0 360 40 200 741 - 980 -
12 150-SF15 0.0 340 60 200 737 - 975 -
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Mix 140

Fick 's Second Law :

111

Calculation of surface chloride content and chloride diffusion coefficient

01927

E
urluimea Total chloride

X
Cxp) = Cs—C))| 1—erf] —— | |+
’ 24/D, t

Calculation Input C, : Chloride concentration at depth X (¢cm)
C, : Surface concentration of chloride (% by wt. of binder)
C : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cmz/year)
Chloride concentration at
Exposure Depth from
D, C, C, depth X
time, t exposure surface, X (% by wt.of binder) Z(CX‘-CXL ml)z
5 (% by wt.of (% by wt.of
(cm'/year) (years) (cm) C, Cyca
binder) binder)
0.0 4262 5.169
0.5 4.202 4.179 0.00052
1.5 2.401 2415 0.00019
2.5 1.080 1.166 0.00732
1.06 5.169 0.00 2.00 3.5 0.480 0.464 0.00026
4.5 0.300 0.151 0.02231
5.5 0.180 0.040 0.01971
6.5 0.180 0.008 0.02947
7.5 0.180 0.001 0.03191
0.11169
7.00
g g 6.00 —O—P3mnaunaenas lsananuainldanmsnadeou
*\fg E 5.00 —@— Snaundenas ladnanuan ldarnmamiuan
v S74.00
£ .5 300
@ £ 200 \.\
E & 100
G =000 , ,

0.0

1.0

2.0 3.0 .40 5.0 6.0 7.0 8.0
FEYTNNIANINAIUDN (FN)

0

ol

a

5.1686

1.0641
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Calculation of surface chloride content and chloride diffusion coefficient

Total
Mix 140BA10 01927 uihnimeia chloride
X
Fick 's Second Law : C{x_)t) =(C, —C)1—eaf] —— | | TG
24D, -t
Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cm’/year)
Chloride concentration
Exposure Depth from
D, C, C, at depth X
time, t exposure surface, X (% by wt.of binder) Z(Cxt_cxt. Cal)2
N (% by wt.of (% by wt.of
(cm/year) (years) (cm) C, Cuca
binder) binder)
0.0 3.695 5.065
0.5 4.172 4.087 0.00722
1.5 2.146 2.348 0.04094
2.5 1.192 1.124 0.00466
1.05 5.065 0.00 2.00 3.5 0.536 0.442 0.00895
4.5 0.179 0.141 0.00141
5.5 0.119 0.036 0.00684
6.5 0.119 0.008 0.01246
7.5 0.119 0.001 0.01391
0.09639
g = 7.00 . '
c =) I @ = Y
§ g.g 6.00 —Q—ﬂ‘%mmmaaﬂaﬂ'lmmmmw ANNMINATOY |
LRI e v '
e 4, 5.00 —@— 151aundenas lsananuan ldnnmsmuin [
s
2 & 400
=
: 3
& E 300 \
S oz
g = 200
@ e 100
IS
0.00 M

0.0 1.0 2.0 3.0 L 40 5.0 6.0 7.0 8.0
FEYSNWIAVINNIUDN (FN)
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5.0645
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Calculation of surface chloride content and chloride diffusion coefficient
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Mix 140BA30 019 27 wlimeia Total chloride
X
Fick 's Second Law : C{x,t) - {Cs = Ci) l—ef| —/— | |+ C;
D JDa o &
Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cmz/year)
Chloride concentration at
Exposure Depth from
D, C, C, depth X
time, t exposure surface, X (% by wt.of binder) Z(Cx‘—CXL cal)z
5 (% by wt.of (% by wt.of
(cm'/year) (years) (cm) C, C.ca
binder) binder)
0.0 4.346 5.261
0.5 4.111 4.079 0.00101
1.5 1.997 2.061 0.00414
2.5 0.763 0.807 0.00193
0.77 5.261 0.00 2.00 3.5 0.352 0.240 0.01256
4.5 0.235 0.054 0.03287
5.5 0.176 0.009 0.02799
6.5 0.176 0.001 0.03066
7.5 0.176 0.000 0.03100
0.14217
7.00
& = Z 2
g g 6.00 —O—151aundenas lsananuan ldninmsnagey |
b4 33 P ]
e 5 500 —o— PSuandenas lsananuai ldanmsdiuia
= & 400
g £
(% 3z 3.00
G =
g a°§ 2.00
S & 1.00
[(Kad c\o
= 000 ‘I\EQ_—,_O=O=O_
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

F2ULNIAVINAIUDN (FN)

C

s

D’d

5.2613

0.7668
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Calculation of surface chloride content and chloride diffusion coefficient

Mix 140SF5 019 217 ughnimeia Total Chloride

Fick 's Second Law : C(X.I} = (CS - Ci) 1 —erf| —— i
2,,|'Da i

Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C, : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cmz/year)

Chloride concentration at

Exposure Depth from
D, C C depth X
3 0, 1 2
time, t exposure surface, X (% by wt.of binder) Z(CX‘_CXL )
) (% by wt.of (% by wt.of
(cm’/year) (years) (cm) C. C.ca
binder) binder)
0.0 4.190 4.906
0.5 3.950 3.851 0.00974
1.5 1.796 2.027 0.05367
2.5 0.838 0.847 0.00008
0.84 4.906 0.00 2.00 3.5 0.599 0.276 0.10412
4.5 0.180 0.069 0.01219
5.5 0.060 0.013 0.00217
6.5 0.000 0.002 0.00000
7.5 0.000 0.000 0.00000 C, 4.9060
0.18197 D, 0.8401
g =2 7.00 .
(o A <Y Ay y
= T 6.00 —O—Smaundenas lsananuan ldnnmnaaey
NS e v .
;% ?‘é’ 5.00 —@— Saundenas lsananuanldanmason
2 S 400
E X
®©® = 3.00
=
E 2oz
= 5 200
— [c
= r—
% § 1.00
0.00 . ° o—

0.0 1.0 2.0 3.0 .40 5.0 6.0 7.0 8.0
FEYLTNNIANINAIUDN (FN)



115

Calculation of surface chloride content and chloride diffusion coefficient

Total
Mix 140SF10 019 217 wrhimeia chloride
x
Fick 's Second Law : C(x,t) =Cs—C)1—ef +G
2, II'Da t
Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C, : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cm’/year)
Chloride concentration
Exposure Depth from
D, C C at depth X

time, t exposure surface, X (% by wt.of binder) Z(Cxt_cxt. Cal)2

(% by wt.of (% by wt.of

(em’/year) (years) (cm) Cy Cuca
binder) binder)
0.0 4.239 4.273
0.5 3.284 3.302 0.00034
15 1.731 1.657 0.00552
2.5 0.537 0.642 0.01096
0.76 4.273 0.01 2.00 35 0.179 0.188 0.00008
4.5 0.179 0.041 0.01903
5.5 0.179 0.007 0.02974
6.5 0.179 0.001 0.03179
7.5 0.179 0.000 0.03205 C, 42731
0.12953 D, 0.7556
7.00
S =T 600 —O—1Gmanndenas lsdnavuai ldnnmanaaey -
aﬁ% § 5.00 —o— Ginaundonas lsananueildnnmssna [
rt.é £ o0 Q\
£ aé 3.00
%a"é 200
5 & 1.00
£ s o e ——————

0.0 1.0 2.0 3.0 L 40 5.0 6.0 7.0 8.0
FEYSNWIAVINNIUDN (FN)
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Calculation of surface chloride content and chloride diffusion coefficient

Mix 140SF15 91927 wrlimeia Total chloride
X
Fick 's Second Law : C{x,t) =G —Cl—er +¢
2y |'|Da 't
Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cmz/year)
Chloride concentration at
Exposure Depth from
D, C, C, depth X
time, t exposure surface, X (% by wt.of binder) Z(sz'cx[. cal)2
5 (% by wt.of (% by wt.of
(cm'/year) (years) (cm) C, Coca
binder) binder)
0.0 4.167 4.044
0.5 3.095 3.101 0.00004
1.5 1.548 1.511 0.00134
2.5 0.476 0.559 0.00679
0.71 4.044 0.00 2.00 3.5 0.179 0.153 0.00064
4.5 0.179 0.031 0.02185
5.5 0.000 0.004 0.00002
6.5 0.000 0.000 0.00000
7.5 0.000 0.000 0.00000
0.03067
_7.00
g = A X Ay v
g £ 600 —O—151aundenas lsananuai ldnnmsnaaey
7 EL)
LI~ P 2 a o ]
e 2, 500 —@— Snaundenas ladnanuan ldarnmamiuan
o 28 4.00
g S
& "2 300 -
T =
Z ™2 200 \.\
£ 5
2 1.00
2 8 M
0.00 T T 1 L T L 4 —

0.0 1.0 2.0 3.0 .40 . 5.0 6.0 7.0 8.0
FEYTNNIANINAIUDN (FN)

0
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a

4.0444

0.7106



117

Calculation of surface chloride content and chloride diffusion coefficient

Mix 150 01927 wihihmeia Total chloride
X
Fick 's Second Law : c(x,t] =(Cg —Cy) 1—erf +G
24D, t
Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cmz/year)
Chloride concentration
Exposure Depth from
D, C, C, at depth X
time, t exposure surface, X (% by wt.of binder) Z(Cxt_cxt. cal)2
5 (% by wt.of (% by wt.of
(cm'/year) (years) (cm)
binder) binder) C, Ceca
0.0 4.085 4.819
0.5 4.026 4.046 0.00038
1.5 2.684 2.619 0.00421
2.5 1.459 1.500 0.00172
1.52 4.819 0.00 2.00 3.5 0.700 0.753 0.00284
4.5 0.292 0.330 0.00143
5.5 0.292 0.125 0.02784
6.5 0.117 0.041 0.00575
7.5 0.000 0.012 0.00013 C,
0.04429 D,
~ 7.00
g = A X Ay v
£ & 6.00 —O—suandenas lsananuan ldnamsnaaey |-
7 kL)
N 2 4 .
e 2,300 —o— Sunanndonas lsananuan ldnnmsdmna [
"o 8 4.00
€ 5
S T 3.00
1 =
€ oz
= % 200
£ 5
& o 100
IR
0.00

0.0 1.0 2.0 3.0 L 40 5.0 6.0 7.0 8.0
FEYLNNIANNHIUON (FN)

4.8189
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Calculation of surface chloride content and chloride diffusion coefficient

Ed
Mix 150BA10 01921 uihirimezia Total chloride
X
Fick 's Second Law : C{x,t) =G —Cf1—er +¢
2y |'|Da 't
Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cmz/year)
Chloride concentration at
Exposure Depth from
D, C, C, depth X
time, t exposure surface, X (% by wt.of binder) Z(Cxl_cxt. cal)z
N (% by wt.of (% by wt.of
(cm'/year) (years) (cm) C, Ceca
binder) binder)
0.0 4.290 4331
0.5 3.536 3.593 0.00324
1.5 2.377 2.247 0.01697
2.5 1.217 1.222 0.00002
1.35 4.331 0.00 2.00 35 0.406 0.572 0.02774
4.5 0.232 0.229 0.00001
5.5 0.174 0.078 0.00923
6.5 0.174 0.022 0.02296
7.5 0.232 0.005 0.05129
0.13146
s 5 700
=2 = A s 2 dy v
= T 600 —O—5mandenas lsananuan ldnamsnaaey |-
& o 9 .
;% ?{é’ 5.00 —@— Suaundenas lsananuan ldnnmsdnn
& 400 BN

1IN

3.00 \.\
1.00 \

0.00 : : W—

0.0 1.0 2.0 3.0 L40 5.0 6.0 7.0 8.0
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Calculation of surface chloride content and chloride diffusion coefficient

Mix 150BA30 01927 wihinhmeia Total chloride
X
Fick 's Second Law : C{x,t) =G —Cj1—er +¢
244 Da 't
Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cmz/year)
Chloride concentration at
Exposure Depth from
D, C, C, depth X
time, t exposure surface, X (% by wt.of binder) Z(sz'cx[. cal)2
N (% by wt.of (% by wt.of
(cm'/year) (years) (cm) C, Ceca
binder) binder)
0.0 3.143 4.100
0.5 4.001 3.317 0.46717
1.5 2.115 1.921 0.03765
2.5 1.029 0.930 0.00970
1.07 4.100 0.00 2.00 3.5 0.286 0.372 0.00741
4.5 0.171 0.121 0.00250
5.5 0.114 0.032 0.00674
6.5 0.114 0.007 0.01154
7.5 0.114 0.001 0.01280 C, 4.1000
0.55550 D, 1.0700
7.00
<3 :‘} A ¢ 2 Ay v
2 g 600 —O—15naundenas lsanavuan ldnamsnaaey -
22 3d 2 d' o
e =5 500 —o— Suanndonas lsananuan ldnnmsdmna [
ro [
= & 400
G <
€ 3 300
G =
% a"g 2.00
2 & 100
o o
NS
=< 000

0.0 1.0 2.0 3.0 .40 5.0 6.0 7.0 8.0
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Calculation of surface chloride content and chloride diffusion coefficient
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Mix I50SF5 91927 wrlimeia Total chloride
X
Fick 's Second Law : C{x,t) =G —Cl—er +¢
2y |'|Da 't
Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cmz/year)
Chloride concentration at
Exposure Depth from
D, C, G depth X
time, t exposure surface, X (% by wt.of binder) Z(sz'cx[. cal)2
N (% by wt.of (% by wt.of
(cm'/year) (years) (cm) C, Ceca
binder) binder)
0.0 4.072 5.045
0.5 4.247 4.097 0.02248
1.5 2.094 2.400 0.09325
2.5 1.164 1.183 0.00038
1.11 5.045 0.00 2.00 3.5 0.698 0.484 0.04563
4.5 0.349 0.163 0.03452
5.5 0.175 0.045 0.01679
6.5 0.175 0.010 0.02705
7.5 0.175 0.002 0.02983 C,
026992 D,
700
g = A s 2 Hy v
g £ 600 —O—15naundenas lsanavuan ldnamsnaaey -
Z  »
B s ) A o |
e 2, 300 —— Snanndenas lsananuain ldnnmssinm
o & 4.00
G g
& °Z 3.00
T =
£ ™3 200
£ 5
2 L 100
IS
0.00

0.0

3.0 4.0

5.0

szegmaianIniIven (wy)

6.0

7.0 8.0
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Calculation of surface chloride content and chloride diffusion coefficient

150SF10

Fick 's Second Law :

C{x,t) = {CS —Ci) 1—erf

01927

’
ushtimea

X
2,/D,

+¢

1

121

Total chloride

Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cmz/year)
Chloride concentration at
Exposure Depth from
D, C, C depth X
time, t exposure surface, X (% by wt.of binder) Z(sz'cx[. cal)2
N (% by wt.of (% by wt.of
(cm'/year) (years) (cm) C, Cca
binder) binder)
0.0 4.004 4.870
0.5 4.004 3.936 0.00453
1.5 2.147 2273 0.01597
2.5 1.044 1.097 0.00274
1.06 4.870 0.00 2.00 3.5 0.580 0.436 0.02080
45 0.232 0.141 0.00822
5.5 0.116 0.037 0.00622
6.5 0.116 0.008 0.01170
7.5 0.116 0.001 0.01316 C,
0.08336 D,
__7.00
g = A s 2 Hy v
g g 600 —O—15naundenas lsanavuan ldnamsnaaey -
7 kL)
A e ) A o |
e 2,300 —— Snanndenas lsananuain ldnnmssinm
o & 4.00
c 2
&
e = 3.00
€5 e
3 g 2.00
€ 8
qﬁ _ 1.00
=
0.00 . .
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

szegmaianIniIven (wy)
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Calculation of surface chloride content and chloride diffusion coefficient

IS0SF15

Fick 's Second Law :

01921

C{x,t) = {CS —Ci) 1—er

E
urluimea

X
— ||+
2,/D, *t

Total chloride

Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of binder)
C : Initial concentration measured in concrete sample (% by wt. of binder)
t : Exposure time (year)
X : Depth from exposure surface (cm)
Determine D, : Diffusion coefficient (cmz/year)
Chloride concentration
Exposure Depth from
D, C, C, at depth X
time, t exposure surface, X (% by wt.of binder) Z(sz'cx[. Ce‘1)2
N (% by wt.of (% by wt.of
(cm'/year) (years) (cm) C, Cca
binder) binder)
0.0 3.065 4.807
0.5 3.701 3.859 0.02492
1.5 2.197 2.180 0.00029
2.5 0.867 1.017 0.02246
1.00 4.807 0.00 2.00 3.5 0.463 0.386 0.00585
4.5 0.289 0.118 0.02928
5.5 0.173 0.029 0.02093
6.5 0.173 0.006 0.02818
7.5 0.231 0.001 0.05310
0.18501
= = 7.00
= E A PR Ay v
= T 600 —O—15naundenas lsanavuan ldnamsnaaey -
DS im M .
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£ ¢ 400
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01y 28 Iu 0121
Mix id. Load Area Strength Average Load  Area  Strength  Average
(kN) (cm’)  (kg/em’) (kg/em’) (kN)  (cm’)  (kg/em’)  (kg/em’)
289.74 375.9 86.50 554.2
M0 78.57 372 15.91 553
283.73 368.1 86.10 551.6
346.98 450.2 95.60 612.5
H0BA10 78.57 439 15.91 595
330.30 428.5 90.20 577.9
269.98 350.3 88.40 566.4
140BA30 78.57 347 15.91 548
265.05 343.9 82.60 529.2
388.08 503.5 95.90 614.4
I40SF5 78.57 507 15.91 632
392.87 509.7 101.30 649.0
354.97 460.5 90.60 580.5
HO0SFI0 78.57 474 15.91 603
375.85 487.6 97.60 625.3
315.68 409.6 89.70 574.7
H0SFI5 78.57 413 15.91 597
320.24 415.5 96.70 619.5




ATTNAARUIN 3-1 (Gif))
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01y 28 Iu 0121
Mix id. Load Area Strength Average Load  Area  Strength  Average
(kN) (cm’)  (kg/em’) (kg/em’) (kN)  (cm’)  (kg/em’)  (kg/em’)
274.79 356.5 71.50 458.1
150 78.57 345 15.91 464
257.68 334.3 73.30 469.6
293.08 380.2 79.30 508.1
I50BA10 78.57 387 15.91 489
303.52 393.8 73.50 470.9
227.00 294.5 74.70 478.6
I50BA30 78.57 294 1591 456
225.82 293.0 67.50 4325
293.25 380.5 79.80 511.3
I50SF5 78.57 396 1591 516
317.64 412.1 81.40 521.5
299.18 388.2 77.10 494.0
I50SF10 78.57 388 15.91 491
298.52 387.3 76.10 487.6
270.14 350.5 72.60 465.1
I50SFI5 78.57 349 15.91 482
267.31 346.8 77.80 498.4
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Mercury Intrusion Porosimeter test (MIP)
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ATNNIANUIN 3-1 HAMINATOVYUIA INTIFDIIINY IR FBLAZANUNTUYDIADUNIA

#1873 MIP

Mix id. Average pore diameter (um) Porosity (%)
140 0.057 13.42
140BA10 0.068 10.23
[140BA30 0.068 7.74
[40SF5 0.051 7.91
140SF10 0.047 8.77
140SF15 0.042 9.89
150 0.064 8.11
I50BA10 0.067 15.77
I5S0BA30 0.068 13.02
I50SF5 0.07 14.93
I50SF10 0.057 16.31

I50SF15 0.058 8.84
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ATNNMANUIN -1 Waﬂ'l‘i“VIﬂﬁ’é]‘Uﬂ’NﬁJW?Mﬂl@ﬂﬂﬂﬂﬂ%ﬂﬁ)ﬁﬂﬁ%91wh1ﬁiﬁ']u ASTM C642

Saturated mass Immersed
Oven dry weight
after boiling apparent mass Porosity
Mix id. after drying for
weight after boil weighed in the (%)
48 hr. (g)
24 hr. (g) water
140 354.2 367.5 221.3 9.1
140-BA10 462.8 483.9 287.3 10.7
140-BA30 367.5 386.6 227.4 12.0
140-SF5 429.5 444.7 260.8 8.2
140-SF10 299.3 308.9 185.2 7.7
140-SF15 436.6 450.6 268.7 7.7
150 443.5 464.1 276.4 11.0
150-BA10 320.6 340.2 196.9 13.7
150-BA30 228.5 243.1 143.3 14.6
150-SF5 334.5 349.6 209.3 10.8
150-SF10 236 246 146.9 10.1

I50-SF15 298.3 310.8 184.4 9.9




132

NANUIN U

tg = d' a =) [ Y
ﬂﬁWN%uﬂWﬂiuﬂ@uﬂﬁﬂ“ﬂLWGBiyﬁﬂ']’J%HJEIﬂﬁa‘1JLL1’T\‘1



133

Ly > ov 13V L o v LLuv Ly v 17 LUy Ly Uy oLy L 7 v JLLvv o LT >y vur L Vi
ss's 00'1S¥°C (427 0L'16¥°C L9V TS€TST 9I's 81'8TH'C 99'Y 0T L¥Y'C SL'E 17 v6v°C €l

0s'S 18°61+°C 38t 89°06%°C ¥9'v L9°TTST 9r’¢ €T8TYT L9V €V LYY T L€ 01'v6¥°C 4!

ws LY LYYT €8y TS681°C LSV L1'1TST s 9T'LTY'T 1A% 89'91°C 69°¢ LO'E6Y'T Il

'S 9L'8¥¥°C €8y 65°681°C 197 €1°7TST IS LO'LTY'T ¥9'v 1L9%¥°C e 19°¢6v'c 01

1449 8T 8YHC (407 €V°681°C 65V 81°1TS°C 60°S 79°9T¥C €9y oryC L€ 0S°€6¥°C 6

6¢°S 0T LY¥'C 08t S6'88%°C Sy €9°075°C 80°S 8T'9TH'C 8S'y €CSHPT 99°¢ vTTer'e 8

(439 TS SHPT LY 0’ L8YT LYy 69°815°C 10°S Y9 ¥ThT SSy 8T 19°¢ 10'16¥°C L

yes 01°9%%°C 6L’V 95'881°C (494 00°07S°C 80°S €€°9THC ¥9'v YL OYYC 89°¢ SL'TOY'T 9

6¢°S 11°LYY'C 6L’V 0L'88%°C 1404 €€°07S°T 60°S €9°9TH°C 99'Y 61°LYY'C e 1L°€6Y°C S

9¢'¢ 15°9¥°C LL'Y YT 88Y°T €Sy 11°0TS°T LO'S S0'9TY'T ¥9'v 8S°9PYC €L'e ¥8°€6¥°C 14

LTS €CYIYT ILY L9'98Y°C 'y LY'81S°C 00°S (I a7ad 8S'y 1€°Sh°C ¥9°¢ 08'16%°C €

0TS 88°THYC 99t LS SSYT 6¢'Y G8'91S°C v6't LOETHT 8S'y YT SHPT 09°¢ TL06YT C

S6'v 88'9¢H°C SSY €8°78Y°C 0Ty 8TTIST SL'Y 78°8I¥T (344 6L YT we 95°98%°C I

000 €0°CTET 000 98'VLET 000 T6'011°C 000 90°60€°C 000 0T'8€€°C 000 STYOY'C 0

(%) w0 amisio (B) M (%) Wwooo damsioy () 1M (%) wewoo dmsoN (3) M (%) oo aimisio () JM (%) w00 axmsio () 1M (%) 1u0Iu0d dumsto (8) m  Aep
0€vd0SI 01vd0SsI 0¢I 0EvdorI 01vdovl (114 wLL

PLXIN

wrm_\5/@Pﬁﬁmngﬂgjr@dﬂcrﬁgﬁga
i I © € 6 bF

=

c:b@v@?3%3_\@@@%;@5@;@@@59\—“—@& [-b UEHMULUEBLELY
®



134

NANUIN Y

Micro hardness maqm%ﬁ’ﬁ



¢
ATWNNANUIN F-1 NANITNATDUY Micro hardness VDINDT

9

#1

¢
7

Bottom Ash Mix Bottom Ash Mix OPC Mix
Sand patical Bottom ash patical Sand patical

Distance (um) HV Distance (um) HV Distance (um) HV
33.34 48.24 33.33 86.54 23.33 55.44
43.33 60.47 34.15 75.39 31.15 42.35
54.10 64.26 34.43 83.56 32.79 48.39
55.74 55.36 36.67 80.69 33.33 52.35
59.62 55.39 39.34 80.72 39.34 40.01
68.85 58.69 43.25 70.60 44.26 46.99
94.67 66.21 44.26 86.54 44.26 48.25
101.61 60.47 44.26 66.26 45.90 66.26
117.06 68.39 45.00 68.39 47.54 55.29
121.67 43.5 45.90 46.99 47.54 56.26
153.33 64.28 47.54 103.71 50.32 43.5
183.61 48.25 53.33 72.96 52.46 42.35
188.33 72.92 54.05 83.52 52.65 45.79
54.10 60.44 60.00 43.48

55.74 80.69 61.67 55.39

63.33 64.26 63.36 75.39

68.33 52.38 65.57 65.44

70.49 64.26 66.26 48.25

75.41 57.01 67.21 53.85

78.69 58.69 68.85 45.79

79.48 63.20 69.30 60.6

108.21 66.26 69.33 43.5

108.33 62.34 76.67 55.39
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Bottom Ash Mix Bottom Ash Mix OPC Mix
Sand patical Bottom ash patical Sand patical

Distance (um) HV Distance (um) HV Distance (um) HV
127.81 55.39 78.33 69.69

130.00 62.30 85.00 49.58

132.79 66.33 91.80 73.56

140.98 66.26 96.67 43.50

147.54 44.61 106.67 68.56

152.41 66.26 108.09 48.29

180.29 62.30 109.84 58.72

180.31 78.00 111.48 52.35

193.44 58.67 116.67 60.51

195.08 66.23 116.90 52.35

209.84 73.01 132.68 33.08

217.70 66.26 138.95 52.35

140.00 62.34

145.90 60.44

146.67 58.69

148.33 70.64

154.98 60.47

158.16 58.69

160.85 68.39

178.33 62.30

211.67 60.26

218.33 64.26

229.89

66.26
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