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56910169 : MAJOR: CIVIL ENGINEERING; M.Eng. (CIVIL ENGINEERING)
KEYWORD : CHLORIDE PENETRATION RESISTANCE/ MARINEENVIRONMENT/
CEMENT/ FLY ASH/ LIMESTONE POWDER/ STEEL
NATTAPON WONGWAN: CHLORIDE PENETRATION RESISTANCE OF
CONCRETE UNDER MARINE ENVIRONMENT OF THAILAND. ADVISORY

COMMITTEE: TAWEECHAI SUMRANWANICH, Ph.D. 193 P. 2017.

This research aims to study chloride penetration resistance of concrete exposed to
marine environment for 4 and 5 years. The effects of cement type, fly ash and limestone powder
to binder ratio and water to binder ratio of concrete were considered in this study. In addition,
corrosion of steel embedded in concrete and compressive strength of concrete were also studied.
The objective is to determine durable concrete mixed for resisting chloride penetration and
protecting steel from corrosion.

From the study results, it was found that concretes containing pozzolan cement, partial
replacement of cement with fly ash and slag cement have the best resistance to chloride
penetration in the marine environment. The chloride diffusion coefficient in concrete is very low
and corrosion of steel in concrete is less. Concrete containing 60% fly ash replacement in
concrete and water to binder ratio of 0.40 has very low corrosion of steel in concrete. Concrete
containing partial replacement of cement with limestone powder has low chloride penetration
resistance and compressive strength than concrete containing partial replacement of cement with
fly ash and limestone powder. Concrete containing 35% fly ash and 5% limestone powder
replacement of cement has the best chloride penetration resistance and lowest chloride diffusion
coefficient with the least of corrosion of steel and good compression strength. Concrete with fly
ash has smaller average pore diameter and higher porosity, but has better chloride penetration

resistance than cement concrete.
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Chemical compositions

(% by weight)

Yudmudloauaua

szani 1

Yudmudloaaua

sziann 5

Silicon dioxide, SiO, 19.51 21.87
Aluminum oxide, Al,O, 4.97 3.87
Iron oxide,Fe,0, 3.78 4.34
Calcium oxide, CaO 65.38 64.56
Magnesium oxide, MgO 1.08 1.11
Sulfur trioxide, SO, 2.16 2.08
Sodium oxide, Na,O 0.01 0.01
Potassium oxide, K,O 0.44 0.24
Loss on ignition, LOI 2.27 1.59
Tricalcium silicate, C,S 72.9 58.4
Dicalcium silicate,C,S 0.9 18.6
Tricalcium aluminate, C;A 6.8 2.9
Tetracalcium aluminoferrite, C,AF 11.5 13.2
Physical property

Blaine fineness (cmz/g) 3,550 3,830




A J = wa = 4 a
AT NN 3-2 ’ENﬂ‘]Ji%ﬂ@‘]J‘VINLﬂmmgﬂmﬁil‘iJG]VINﬂTEJﬂ1W‘IJE]\T]JJW‘I§L1]1MNﬁiJFN“H‘Ll“]J.u

41

Chemical compositions

(% be weight)

14
YuFnuanaY

HIHUIY 10%

J
YuFNUANTY

MUY 20%

Silicon dioxide, SiO,
Aluminum oxide, Al,O,
Iron oxide,Fe,0,
Calcium oxide, CaO
Magnesium oxide, MgO
Sulfur trioxide, SO,
Sodium oxide, Na,O
Potassium oxide, K,O
Loss on ignition, LOI
Physical property

Blaine fineness (sz/ 2)

17.48
4.49
3.36

63.29
1.02
2.35
0.01
0.4
7.20

4,500

16.2
4.13
3.01
62.67
0.98
2.37
0.89
2.39
9.93

4,600
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Chemical compositions Yududdoaaud  YuFwudaznSumn
(% by weight) oa Torau 0QuUNAR[f

Silicon dioxide, SiO, 24.98 28.76
Aluminum oxide, Al,O, 9.25 11.27
Iron oxide,Fe,0, 5.97 1.69
Calcium oxide, CaO 52.65 51.41
Magnesium oxide, MgO 1.62 3.91
Sulfur trioxide, SO, 2.48 2.05
Sodium oxide, Na,O <0.01 0.01
Potassium oxide, K,O 0.78 0.39
Loss on ignition, LOI 1.85 0.01
Physical property

Blaine fineness (cmz/g) 4,470 5,160

A J ~ = o
A1T1N9N 3-4 mﬂﬂizﬂa‘umNmmmgummummm

Chemical compositions

YuFmudnzia
(% by weight)
Silicon dioxide, SiO, 27.64
Aluminum oxide, Al,O, 12.04
Iron oxide,Fe,0, 7.71
Calcium oxide, CaO 38.43
Magnesium oxide, MgO 1.83
Sulfur trioxide, SO, 1.99
Sodium oxide, Na,O 3.38
Potassium oxide, K,0 1.26

Loss on ignition, LOI 5.25
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Chemical compositions

Limestone powder, L Fly ash, FA
(% be weight)

Silicon dioxide, SiO, 0.46 40.93
Aluminum oxide, Al,O; 0.06 22.42
Iron oxide,Fe,O; 0.03 13.64
Calcium oxide, CaO 55.25 13.63
Magnesium oxide, MgO 0.37 2.93
Sulfur trioxide, SO, 0.01 1.92
Sodium oxide, Na,O 0.01 0.89
Potassium oxide, K,O 0.01 2.39
Loss on ignition, LOI 43.79 0.46
Physical property

Blaine fineness (sz/ 2) 8,840 2460
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Chemical compositions

Fly ash, FA (Mae Moh) Limestone powder, LP

(% be weight)
Silicon dioxide, SiO, 40.93 0.46
Aluminum oxide, Al,O, 2242 0.06
Iron oxide,Fe,O, 13.64 0.03
Calcium oxide, CaO 13.63 55.25
Magnesium oxide, MgO 2.93 0.37
Sulfur trioxide, SO, 1.92 <0.01
Loss on ignition, LOI 0.46 43.79
Sodium oxide, Na,O 0.89 <0.01
Potassium oxide, K,O 2.39 0.01
Titanium Dioxide, TiO, 0.43 <0.01
Tricalcium silicate, C;S 93 -
Phosphorus pentoxide P,O; 0.15 0.01
Free CaO 0.22 -
Physical properties
Blaine F ineness(cmz/g) 4,658 8,840

Specific gravity 2.20 2.69
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Mean Portland cement Portland cement Portland cement Fly ash Limestone
diameters type 1 (um) type 5 (um) pozzolan (um) (um) powder (um)
D (v, 0.1) 0.89 0.71 0.60 0.89 0.40
D (v, 0.5) 17.74 14.43 13.16 17.84 3.23
D (v, 0.9) 94.87 39.48 38.19 94.87 12.58

D [4, 3] 35.23 18.09 17.02 35.23 5.08
D [3, 2] 2.64 2.45 2.22 2.54 1.18
A780 ANUKNY
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vnaazunge  dwinfideon  fesazfimauy Zevazavaudn  Zowazavawi
1ATTIN AZUNT AZUNT MIVUATLNT FUAZIATA
(N3N)
es 4 13.4 2.68 2.68 97.32
1es 8 68.5 13.70 16.38 83.62
o316 162.4 32.48 48.86 51.14
wos 30 87.8 17.56 66.42 33.58
19350 63.8 12.76 79.18 20.82
e 100 50.1 10.02 89.20 10.80
593 500.0 100

10. WIATINHY1U (Coarse aggregate)
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1 (Lime stone) o1 I Amsznvmanaz wuniaue
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MATTIU AZIAT AZIAT MAVUAZIAT FUAZINT
GEEY)
17 - - - 100
3/4” 23.10 2.31 2.31 97.69
1/2” 582.0 58.23 60.54 39.46
3/8” 284.2 28.44 88.98 11.02
e 4 99.2 9.92 98.9 1.1
wes 8 0.6 0.06 98.96 1.04
33U 999.4 100
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7. 1939912061 (Coring machine)

8. 1A3IRARIBd AL

9. ﬂﬁﬂﬁuﬂﬂﬁ?ﬂé']ﬁﬂﬂﬁ@ﬂ

10. Lﬂéﬂd Auto titration §' U 785 DMP TitrinoMetrohm
11. TFE-fluorocarbon-coated magnetic stirring bar

12, 3N Luiman

13. Lﬂéﬂ&@ﬂ (Suction apparatus)

14, 193094 (Hot plate)

4 S H an
15. Lﬂ%wqumummumma (Digital balance)



16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.

UHUNTEATENTOH BN

Foudanang

103 YA 250 Taaans

NSEUBNAN YUIA 50 Haaans

Yila v 10 Hanaas

vIad5ulTuas vue 100 Haaaas

1378 (Buchner funnel)
¥ansoaAn 1 11)34 (Filtration flank)
AZUNTAVDS 20

A5 lATA (Nitric Acid)
laTasnunlesoenlea (Hydrogen peroxide)
"1302018U1MT31U 0.05 N Sodium chloride (NaCl)

MIaLAININITFIU 0.05 N Silver nitrate (AgNO;)
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Code Mix designation Mix proportion of concrete (kg/m”)
Cement Rock Sand Additive Water
(SSD) (SSD)
FA LP
C1 SCG1 W40 435 1,025 776 - - 174
C2 SCG1 W50 382 1,025 776 - - 191
C3 SCG1 W60 340 1,025 776 - - 204
C4 SCGS W40 435 1,025 776 - - 174
C5 SCG5 W50 382 1,025 776 - - 191
Cé6 SCGS5 W60 340 1,025 776 - - 204
Cc7 SCC1 W40 435 1,025 776 - - 174
C8 SCC1 W50 382 1,025 776 - - 191
Cc9 SCC1 W60 340 1,025 776 - - 204
C10 TPI1 W40 435 1,025 776 - - 174
Cl1 TPI1 W50 382 1,025 776 - - 191
C12 TPI1 W60 340 1,025 776 - - 204
C13 SCGP W40 435 1,025 776 - - 174
Cl4 SCGP W50 382 1,025 776 - - 191
C15 SCGP W60 340 1,025 776 - - 204
Cl16 SCGL10 W40 435 1,025 776 - - 174
C17 SCGL10 W50 382 1,025 776 - - 191
C18 SCGL10 W60 340 1,025 776 - - 204
C19 SCGL20 W40 435 1,025 776 - - 174
C20 SCGL20 W50 382 1,025 776 - - 191
C21 SCGL20 W60 340 1,025 776 - - 204
C22 SCG FA20 W40 335 1,025 776 84 - 168
C23 SCG1 FA40 W40 242 1,025 776 162 - 162
C24 SCG1 FA60 W40 156 1,025 776 234 - 156
C25 SCG1 FA20 W50 295 1,025 776 74 - 185
C26 SCG1 FA40 W50 215 1,025 776 143 - 179
C27 SCG1 FA60 W50 139 1,025 776 208 - 173
C28 SCG1 FA20 W60 264 1,025 776 66 - 198
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Code Mix designation Mix proportion of concrete (kg/m’)
Cement Rock Sand Additive Water
(SSD) (SSD)
FA LP
C29 SCG1 FA40 W60 264 1,025 776 66 - 198
C30 SCG1 FA60 W60 125 1,025 776 187 - 187
C31 SCG1 LP5 W50 362 1,025 776 - 19 190
C32 SCG1 LP10 W50 342 1,025 776 - 38 190
C33 SCG1 LP15 W50 322 1,025 776 - 57 189
C34 SCG1 LP5 W60 322 1,025 776 - 17 204
C35 SCG1 LP10 W60 305 1,025 776 - 34 203
C36 SCG1 LP15 W60 287 1,025 776 - 51 191
C37 SCG1 FA35L5 W40 244 1,025 776 142 20 163
C38 SCG1 FA30L10 W40 245 1,025 776 123 41 164
C39 SCG1 FA25L15 W40 247 1,025 776 103 62 165
C40 SCG1 FA35L5 W50 216 1,025 776 126 18 180
C41 SCG1 FA30L10 W50 217 1,025 776 108 36 181
C42 SCG1 FA25L15 W50 218 1,025 776 91 55 182
C43 SCG1 FA35L5 W60 193 1,025 776 113 16 193
C44 SCG1 FA30L10 W60 194 1,025 776 97 32 194
C45 SCG1 FA25L15 W60 195 1,025 776 81 49 195
C46 SCGSEA W40 435 1,025 776 - - 174
C47 SCGSEA W30 505 1,025 776 - - 152
C48 SCGSEA W35 400 1,025 776 - - 140
C49 SCGSLAG W40 435 1,025 776 - - 174
C50 SCGSLAG W50 382 1,025 776 - - 191
C51 SCGSLAG W60 340 1,025 776 - - 204
C52 SCGSEA W25 388 1,102 941 - - 97
C53 SCGSEA W30-2 356 1,102 941 - - 107

] Fl
NINBLYa: 1A8N Mix designation 14 ] UAUHNGATH
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NN 3-21 UNIAIDENADUNITATNINZ DDAV AL NITAAUNIAIDE

Mg UREAT 1§01NMI VAT BUUAZINT VDS 20 FanINF 3-26 1dH
inlinageuieniumnas lsdnavua (Total chloride) MUNIATFIU ASTM C1152
(Standard test method foracid-soluble chloride in mortar and concrete) wazilSuanaelsaoase
MUNINTIIU ASTM C1218 (Standard test method forwater-soluble chloride in mortar and
concrete) M3 lamsn Taol a0 lamsnsa Tuaia danndi 3.22 Funieanaaeuaziiosan
vl s enansasmanldeunasmdng i Fai3onTsumBinmnas lsehn

“Potentiometric titration”

A 3-22 asnlFuadiediaazmedIegaNgnUALA)
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