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55910300: MAIJOR: CIVIL ENGINEERING; M.Eng. (CIVIL ENGINEERING)
KEYWORDS: RECYCLED COARSE AGGREGATE/FLY ASH/ CHLORIDE PENETRATION/
STEEL CORROSION/ COMPRESSIVE STRENGTH/ MARINE ENVIRONMENT/
MICROSTRUCTURE
NUMPON BUTCHUEATHAI: COMPRESSIVE STRENGTH, CHLORIDE
PENETRATION AND STEEL CORROSION OF RECYCLED COARSE AGGREGATE
CONCRETE CONTAINING FLY ASH UNDER 3-YEAR EXPOSURE IN MARINE

ENVINRONMENT ADVISORY COMMITTEE: WICHIAN CHALEE, Ph.D., 112 P., 2017.

This research aims to study the effect of fly ash on chloride penetration, chloride
diffusion coefficient, steel corrosion, compressive strength, and microstructures of concrete made
of recycled coarse aggregate exposed to marine environment for 3-year. Mae Moh fly ash was
used to replace Portland cement type I at the percentage by weight of 0, 15, 25, 35 and 50,
respectively. The water to binder ratios of 0.40, 0.45 and 0.50 were used. Concrete cube
specimens of 200 x 200 x 200 mm and cylindrical specimens of g100%200 mm were casted for
investigating chloride penetration and compressive strength of concrete, respectively. The round
bars with diameter of 12 mm and length of 50 mm were embedded in the cube specimens at
covering depth of 10, 20, 50 and 75 mm. All specimens were cured in tap water for 28 days
before being exposed to marine environment. At the end of curing period, the specimens were
placed in the tidal zone of marine environment for 3 years and then the specimens were collected
from marine site to determinate chloride penetration, steel corrosion, compressive strength and
microstructures.

Based on the experimental results, it was found that fly ash concrete with recycled coarse
aggregate had significantly lower chloride diffusion coefficient than those of Portland cement
concrete without fly ash. When the W/B ratio of concrete reduced, the decrease of chloride
diffusion coefficient in concrete without fly ash was higher than that of fly ash concrete.
Moreover, utilization of fly ash at the amount of 15% and 25% by weight of binder with W/B at
0.40 to replace Portland cement in concrete in recycled coarse aggregate was appropriate to use in
marine environment, because their compressive strength and chloride penetration resistance were
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50FR35 1.10 0.78 0.55 0.37 0.33 0.23 0.17 0.07

50FR50 1.04 0.74 0.52 0.27 0.24 0.20 0.11 0.03
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ClI- (% by weight of concrete)

O40FR0O0

& 40FR15 @® 40FR25 A 40FR35 B 40FR50

40FROO, regression, C,-1.20%, D, - 5.8x10 ° mm’ss
40FR15, regression, C, -1.00%, D, = 45x10°° mm’ss
—————— 40FR25, regression, C, -0.95%, D, - 4.2 10 mm’ss
o - 40FR35, regression, C_-0.92%, D_-4.0 x10°°mm’s
= ==+ 4OFRS50, regression, C,-0.85%, D_-38 x10"° mm’s
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Cl- (% by weight of concrete)

C45FRO0 *45FR15 ®45FR25 A 45FR35 B 45FR50
45FR00, regression, C,=1.25%, D_ = 6.7x10 °mm’s
45FR15, regression, C, -115%, D, - 65x 10°mm’ss

—————— 45FR25, regression, C, -1.10%, D, -5.6 x10° mm’ss

N —..— .- 45FR35, regression, C, -1.10%, D_-5.0 x10"° mm’ss
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O 50FR0O0 #50FR15 @ 50FR25 AS50FR35 B 50FR50

50FROO0, regression, C, -1.26%, D, - 135 x10° mm’s

5OFR15, regression, C,-116%, D, =115 x10° mm®ss
i 50FR25, regression, C_-1.10%, D, -9.6 x10° mm”ss
1 —..—-.~ 50FR35, regression, C,-1.05%, D_- 9.5 x10° mm’s
= =+ B5OFR50, regression, C,-1.00%, D, -85 x10° mm’s
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AIUHTY C, (%) D_x10° (W’ 211N)
40FR00 1.20 5.80
40FR15 1.00 4.50
40FR25 0.95 4.20
40FR35 0.92 4.00
40FR50 0.85 3.80
45FR00 1.25 6.70
45FR15 1.15 6.50
45FR25 1.10 5.60

45FR35 1.10 5.00
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A1319N 4-7 (AB)

AIUNTLY C, (%) D,x10° (W% 2u1)
45FR50 0.75 3.90
50FR0O0 1.26 13.50
50FR15 1.16 11.50
50FR25 1.10 9.60
50FR35 1.05 9.50
50FR50 1.00 8.50
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A dy A a 3 A A Aqy a A ' ¥ =
AT WNANUINT N-1 wamimﬁauwumﬁuumaﬂmﬂﬂuﬂauﬂmmMmaimmmﬁyﬂauﬂmmmﬂummm 3 1

Rusted area of embedded steel

Type Covering Depth : 10 Covering Depth : 20 Covering Depth : 50 Covering Depth : 75
of Concrete RA (mm’) SA(mm’) C(%) RA(mm) SA(@mm’) C(%) RA(mm) SA@mm) C(%) RA(mm’) SA(@mm) C (%)
40FR00 837 1500 55.80 414 1500 27.60 121 1500 8.07 57 1500 3.80
40FR15 827 1500 55.13 175 1500 11.67 51 1500 3.40 11 1500 0.73
40FR25 869 1500 57.93 276 1500 18.40 34 1500 2.27 14 1500 0.93
40FR35 206 1500 13.73 40 1500 2.67 7 1500 0.47 0 1500 0
40FR50 4 1500 0.27 0 1500 0 0 1500 0 0 1500 0
45FR0O0 469 1500 31.27 148 1500 9.87 52 1500 3.47 4 1500 0.27
45FR15 925 1500 61.67 395 1500 26.33 107 1500 7.13 28 1500 1.87
45FR25 44 1500 2.93 6 1500 0.40 0 1500 0 0 1500 0
45FR35 216 1500 14.40 77 1500 5.13 14 1500 0.93 6 1500 0.40
45FR50 40 1500 2.67 0 1500 0 0 1500 0 0 1500 0
50FR0O0 - - - - - - - - - - - -
50FR15 - - - - - - - - - - - -
50FR25 324 1650 19.64 276 1650 16.73 211 1650 12.79 47 1650 2.85
50FR35 375 1650 25.00 135 1650 8.18 46 1650 2.79 7 1500 0.47
50FR50 30 1200 2.50 5 1200 0.42 0 1200 0 0 1200 0

66
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A A a g A A Aq Y a A 1 3 =
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Weight Loss of steel (%)

Type Covering Depth : 10 Covering Depth : 20 Covering Depth : 50 Covering Depth : 75

of Before (g) After Loss Before (g) After Loss Before (g) After Loss Before (g) After Loss
Concrete (® (%) (® (%) (2 (%) (2 (%)
40FR00 24.784 24.692 0.3712 23.399 23.365 0.1453 25.095 25.072 0.0917 24.020 24.006 0.0583
40FR15 22.695 22.619 0.3349 24.640 24.619 0.3349 24.579 24.547 0.1302 24.824 24.810 0.0564
40FR25 22.843 22.743 0.4378 24.176 24.136 0.1655 24.087 24.060 0.1121 24.137 24.121 0.0663
40FR35 24.047 24.015 0.1331 24.608 24.577 0.1260 24.128 24.112 0.0663 24.809 24.809 0.0000
40FR50 23.858 23.850 0.0355 24.175 24.175 0.0000 24.065 24.065 0.0000 24.123 24.123 0.0000
45FR0O0 24.300 24.232 0.2798 23.827 23.789 0.1595 22.458 22.412 0.2048 24.972 24.964 0.0320
45FR15 24.016 23918 0.4081 23.434 23.391 0.1835 23.314 23.293 0.0901 23.452 23.421 0.1322
45FR25 24.900 24.873 0.1084 24.906 24.891 0.0602 24.820 24.820 0.0000 24.380 24.380 0.0000
45FR35 25.177 25.095 0.3257 23.858 23.816 0.1760 24.900 24.881 0.0763 25.179 25.171 0.0318
45FR50 25.195 25.174 0.0833 22917 22917 0.0000 23.540 23.540 0.0000 24.385 24.385 0.0000
50FR00 - - - - - - - - - - - -
50FR15 - - - - - - - - - - - -
50FR25 26.888 26.758 0.4835 26.125 26.058 0.2565 26.006 25.968 0.1461 26.073 26.044 0.1112
50FR35 24.635 24.552 0.3369 26.761 26.701 0.2242 26.768 26.740 0.1046 22.990 22.974 0.0696
50FR50 19.958 19.932 0.1303 18.600 18.594 0.0323 17.584 17.584 0.0000 18.410 18.410 0.0000

001



MANUIN VU
' 9 = Y
wamiaaﬂmmiwﬂamﬂ (SEM) v04n0UN3A 15u7Ia3IW

d‘ ] 90’ =
NNIEBADUAIANLS 11z 37



NO.16 (Mix 40FR00)

1-Feb-2014 10:05:08
Label: LSecs: 31

1.5

1.2

KCnt

1.00 200 3.00 400

5.00 6.00

.00

>
Mag= 5.00KX

W

2. 5

D= 10mm

102

Element Wt% At%
O 44.68 | 63.26
Na 02.70 | 02.66
Mg 01.97 | 01.83
Al 03.74 | 03.14
Si 10.99 | 08.86
S 01.22 | 00.86
Cl 00.84 | 00.54
K 01.84 | 01.07
Ca 30.01 | 16.96
Fe 02.03 | 00.82

‘e B o

EHT = 15.00 kv

Signal A = SE1




NO.17 (Mix 40FR15)

PO-Feb-2014 15:29:36
Label: LSecs: 33

1.2

0.9

0.7 —

KCnt

0.5

0.2 —|

Mag= 5.00KX

103

Element | Wt%  At%
0 44.26 | 61.85
Na 01.35 | 01.31
Mg 02.67 | 02.46
Al 04.68 | 03.88
Si 18.13 | 14.43
S 01.05 | 00.73
Cl 00.16 | 00.10
K 01.96 | 01.12
Ca 24.23 | 1351
Fe 01.52 | 00.61

WD= 11 mm




NO.18 (Mix 40FR25)

e0-Feb-2014 15:36:54
Label: LSecs: 43

1.6 — Ca

1.3

1.0 —

KCnt

0.7 —

0.3 —

104

Elemen Wit% At%
t
O 46.02 | 64.87
Na 01.59 | 01.56
Mg | 01.63 | 01.51
Al 03.95 | 03.30
Si 10.86 | 08.72
S 01.15 | 00.81
Cl 00.07 | 00.05
K 01.28 | 00.74
Ca 31.11 | 17.50
e Fe 02.33 | 00.94




NO.19 (Mix 40FR35)

PO-Feb-2014 15:45:18
Label: LSecs: 36

1.2

S5

1.00 200 300 400 500 600 V.00 S00

105

Element Wt% At% |
0 46.37 | 64.83
Na 00.73 |00.71
Mg 00.79 |00.73
Al 04.86 | 04.03
Si 14.65 | 11.67
S 01.36 | 00.95
Cl 00.15 |00.09
K 01.77 |01.01
Ca 26.94 |15.03

u Fe 02.39 | 00.96

100 200 3.00 400

500 6.00 V.00

EHT = 15.00 kv

Signal A = SE1




NO.20 (Mix 40FR50)

P1-Feb-2014 10:12:44
Label: LSecs: 42
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1.4 —

1.0

KCnit

0.7 —
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Element Wt% | At%
0] 46.46 | 64.75
Na 01.15 |01.12
Mg 01.22 |01.12
Al 05.34 | 04.41
Si 14.39 | 11.43
S 00.90 | 00.63
Cl 00.23 | 00.15
K 01.77 |01.01
Ca 25.43 | 14.15
Fe 03.10 |01.24

¢ »
el
Mag= 5.00 KX

%

WD= 11 mm

EHT = 15.00 kV

Signal A = SE1




NO.21 (Mix 45FR00)

P1-Feb-2014 10:19:36
Label: LSecs: 31
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Element Wit%  At%
0 4450 |63.71
Na 00.71 |00.71
Mg 01.35 |01.27
Al 03.03 | 02.57
Si 1251 |10.20
S 00.78 | 00.56
Cl 00.12 |00.08
K 01.59 |00.93
Ca 33.75 |19.29
Fe 01.66 | 00.68

EHT = 15.00 kv

Signal A = SE1
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NO.22 (Mix 45FR15)

Label: Lsece: 32 Element  Wi% | At%

ha - 0 47.38 | 65.96
Na 00.66 | 00.64
Mg 00.97 | 00.89
Al 04.38 | 03.62
Si 1313 [10.41
S 00.78 | 00.54
Ci 0029 |00.18
K 01.64 | 00.94
Ca 29.05 | 16.14
Fe 0171 [00.68
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EHT =15.00 kV Signal A = SE1
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Mag= 5.00KX WD = 10 mm




NO.23 (Mix 45FR25)

1-Feb-2014 10:31:22
Label: LSecs: 33
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Element Wt% | At%
0 45.29 |63.68
Na 02.22 |02.17
Mg 02.29 |02.12
Al 03.46 |02.89
Si 12.43 |09.96
S 01.11 |00.78
Cl 00.72 | 00.46
K 02.32 |01.33
Ca 28.19 |15.82
Fe 01.98 |00.80
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Mag= 5.00K X WD= 12mm EHT =15.00 kV

Signal A = SE1




110

NO.24 (Mix 45FR35)

1-Feb-2014 10:37:10

Label: LSecs: 40

16 Element Wt% | At%
©) 45.67 | 64.06
Na 01.62 | 01.58
Mg 01.13 | 01.04
Al 05.54 | 04.60
Si 13.47 |10.76
S 00.72 | 00.50
Cl 00.29 |00.18
K 02.19 |01.26
Ca 26.65 | 14.92
Fe 02.72 |01.09

10 200 300 400 500 600 F.00 .00

| — Mag= 5.00KX WD= 11 mm EHT = 15.00 kv Signal A = SE1




NO.25 (Mix 45FR50)

21-Feb-2014 10:45:06
Label: LSecs: 31
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Mag= 5.00 KX

WD= 13 mm
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Element Wt% At%
0] 45.46 | 63.06
Na 02.21 | 02.14
Mg 01.65 |01.51
Al 06.82 | 05.61
Si 15.75 | 12.45
S 00.63 | 00.44
Cl 00.06 | 00.04
K 01.88 | 01.07
Ca 22.67 | 12.56
Fe 02.86 | 01.14

EHT = 15.00 kv

Signal A = SE1






