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H# 4770485021 ! MAJOR CIVIL ENGINEERING

KEY WORDS: THE CONTINUITY OF PORE / PORE SIZE DISTRIBUTION / CHLORIDE DIFFUSION
COEFFICIENT / MERCURY INTRUSION POROSIMETRY / ELECTRICAL MIGRATION TECHNIQUE
SOMPONG TEERANOP : THE EFFECT OF THE AMOUNT AND CONTINUITY OF PORE
STRUCTURE IN CONCRETE TO CHLORIDE PENETRATION, THESIS ADVISOR:

ASSOC.PROF.BOONCHAI STITMANNAITHUM, D.Eng. , 117 pp.

The amount and continuity of pore struciure in concrete are crucial parameters affecting the
durability of reinforced concrete siructures that exposed to marine environment. Nowaday, ASTM C1202
or RCPT was proposed for rapid qualitative assessment of chloride penetrability of concrete. However,
ASTM C1202 seems to be measzured the electrical conductivity of concrete specimen more than the
ability of concrete to resist chleride ions. Consequently, this study will try to modify ASTM C1202 for
determining the amount and the cominm'tf of pore structure in concrete by momitoring the chloride
concentration and compare the mesult with ether tests such as Mercury-Intrusion Porosimetry (MIP),
Compressive Strengthand ASTM 1202,

This research aims to study the possibility of determining the amount and continuity of pores in
concrete by considering the variations of chioride concentration in anode solution and cathode solution
with respect to time. The chioride .ons in cathode solution were accerelated through the saturated pores
of concrete specimen by the electromotive force. The chioride concentration will be recorded in order to
analyze according to the research assumption. In-this study, plain cement concrete and concrete
containing different types of pozzolan (fly ash and rice husk ash] with water to binder ratios (w/b) of
0.40, 0.50 and 0.60'were tested The coulomb charge passed (RCPT or ASTM C1202) was modified to
indicate the time-span (Ts) of steady state condition by mean of the constant flux of electric current. The
results of the experiment reveal good correspondence with the research assumption and comply with
other tests sucl ag Mereuby-Intiusiof\Poresimietry) (MIR),” Compgressive Strength and ASTM C1202
respectively.

According.to the study.ihe resistance o chloride-ion penetration of the concrete made with
triple-blends 'is higher than that of concrete~made either (with portland cement alone or a blend of
Portland cement wilh fly ash or rice: husk ash. This is mainly due to the refinement of the capillary pore of

concrete made with triple-blends
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n13AUINN e Tnss AaunTANAa e u @ Faueutie anunsannleias
nnsiansunANdindueinaalafnasadnliainnimaass o aENAUTEIAN19 AN

(Ts) Aatd

1
g

BunuinsspaunInnsaliiesiy (Po) wilstdumuaiududuaainaalssi lvaaan

([Clout]) FagNNNg (2.3)

Pc oC [Clout] (2.3)

'
[ I

273 1hunaesdnpauninflssaiiesti (Discontinuous Pore , Pdc)

AnavAnLBinaesinssreunaan lufaleeiu i Baudian gaunsoninldlne
nsRansanmndaduespaelsfinmaialdainnimases o apEuFuTesEn1zAd
(Ts) giail

Usunminssaaunini iseiilasiu (Pde) wilsdumu parndudunesaaalssign

Aniuludausatinapaunan ((Clacc]) AIENNIT (2.4)

Pdc oC [Clacc] (2.4)
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Anenlei (MIP; Mercury-Intrusion Porosimetry)

2.8.1 Aneuled vise Mercury-Intrusion Porosimetry
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A13719% 2.1 Namiwm@@u@a@mmw (Qualitative Measurement) ATNNIRTTIU ASTM

c1202"
ﬁ’]ﬂ@zfoﬂ‘l/\lﬁﬁm?ﬁ'ﬂ(@mmﬂ) ANANNNTD I uNsTNNNW s IasRaa s
11NN41 4,000 44
2,000 - 4,000 1unang
1,000 - 2,000 [ﬁl’]
100 - 1,000 [;]I’]N’]ﬂ
aeindn 100 Tudulddasunnviralildias

A a - adl @ ~ A = [31]
AT 2.2 N19I Lﬂﬁ"]gﬂmﬂﬂqﬁ‘ﬂﬁﬂﬂﬂtﬂﬂr)ﬁL@NVL@‘WL'W@ﬂqﬂ’]?ﬂﬁ‘g“mﬂ?.lu’]ﬂ‘ll@\‘]IWﬁ‘Qﬂ@uﬂ?m

Sample wic Age  Hg Volume Pore Volume
Identity  Ratio  (days) Intruded Volume* Intruded
(em?/g) (em’/g) (cm/g)

1 0.3 5 0.133 (.188 70.8

0.3 11 0.116 0.187 61.9

0.3 34 0.104 0.187 57.0

2 0.6 4 0.335 0.440 76.2

0.6 22 0.278 0.431 64.5

0.6 36 0.251 0.412 60.9

3 0.8 4 0.489 0.565 86.5

0.8 22 0.449 0.527 85.2

0.8 36 0.425 0.521 81.6

*measured from water immersion experiments
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Types of Marine Basic Exposure Zone
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¥ L i
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3.2 NINAEaL

321 NINARBLINEINEIANNINTIIU ASTM C1202
Aausinat1anaunsaniengyaAsu 91 JuainyndndaunanazgniiNIiINIamageaL
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F11379% 3.1 AnuaNtAn1aNIen wuazesflszneunesuaiaesdanlszany

MensTinagay GG BLNAL naet
ANMANLRANINNNLNIN
®  ANNOMNANNY 3.15 2.23 2.51
o NuRRS WA 1. / NFW) 3,633 11,450 2,363
avFlsznauniaai (Seaazing
ﬁwﬁﬂ)
® SiO, 20.19 87.74 33.03
® AlLO, 6.38 0.79 18.56
® Fe0O, 3.34 3.03 17.74
® Cal 62.67 1.84 20.17
e TiO, 0.32 0.09 0.45
® MgO 1.77 0.40 2.46
® Na,0 0.14 0.34 1.56
® KO 0.33 2.66 2.76
° PO, 0.37 0.00 0.23
® SO, 2.76 0.84 2.69
e O 1.78 2.27 0.34

M dayannsed 3.1 WunanldainnisiaaziiaanisWiadaauasn (nw.) unansae



;13197 3.2 Aadaunannaunan (Rlaniu sa gnuiefiumg)

Andan WB | Yudwud | wunau Wnaae e N3e i
D.1 0.4 500 0 0 200 753 992
D.2 0.4 475 25(5%) 0 200 743 992
D.3 0.4 450 50(10%) 0 200 733 992
D.4 0.4 425 75(15%) 0 200 723 992
D5 0.4 425 0 75(15%) 200 724 992
D.6 0.4 375 0 125(25%) 200 704 992
D.7 0.4 325 0 175(35%) 200 684 992
D.8 0.4 400 25(5%) 75(15%) 200 714 992
D.9 0.4 S0 50(10%) 75(15%) 200 703 992

D.10 0.4 350 25(5%) 125(25%) 200 694 992
D.11 0.4 325 50(10%) 125(25%) 200 684 992
D.12 0.5 400 0 0 200 838 992
D.13 0.5 380 20 (5%) 0 200 830 992
D.14 0.5 360 40(10%) 0 200 821 992
D.15 0.5 340 60(15%) 0 200 813 992
D.16 0.5 340 0 60(15%) 200 814 992
D.17 0.5 300 0 100(25%) 200 798 992
D.18 0.5 260 0 140(35%) 200 783 992
D.19 0.5 320 20 (5%) 60(15%) 200 806 992
D.20 0.5 300 40(10%) 60(15%) 200 798 992
D.21 0.5 280 20 (5%) 100(25%) 200 790 992
D.22 0.5 260 40(10%) 100(25%) 200 782 992
D.23 0.6 333 0 0 200 894 992
D.24 0.6 317 17(5%) 0 200 887 992
D.25 0.6 300 33(10%) 0 200 880 992
D.26 0.6 283 50(15%) 0 200 874 992
D.27 0.6 283 0 50(15%) 200 874 992
D.28 0.6 250 0 83(25%) 200 861 992
D.29 0.6 217 0 117(35%) 200 848 992
D.30 0.6 267 17(5%) 50(15%) 200 868 992
D.31 0.6 250 33(10%) 50(15%) 200 861 992
D.32 0.6 233 17(5%) 83(25%) 200 854 992
D.33 0.6 217 33(10%) 83(25%) 200 848 992
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197471 3.3 Adszqlfniadumiunnggiu ASTM C1202 luusiazdndiunanaesinating

ARUNTA
Andungau W/B fausaagg finusiaag ﬁ']ﬂ?:{l.ﬂﬁ’mﬁm
(% OPC+%RHA+%FA) ABLNEAT 1 ABLATAT 2 (AaeNL)
D.1 (100%OPC) 0.4 5,193 4873 5,015
D.2 (95%O0PC+5%RHA) 04 4,532 5,048 4,790
D.3 (90%O0PC+10%RHA) 04 4,469 4,155 4,312
D.4 (85%O0PC+15%RHA) 0.4 1135 1,325 1230
D.5 (85%0PC+15%FA) 0.4 2,146 2,718 2,432
D.6 (75%0PC+25%FA) 0.4 1,084 1,326 1,205
D.7 (65%O0PC+35%FA) 0.4 1,031 8,53 942+
D.8 (80%OPC+5%RHA+15%FA) 0.4 1996 2040 2018
D.9 (75%O0PC+10%RHA+15%FA) 0.4 1217 1331 1274
D.10 (70%OPC+5%RHA+25%FA) 04 1083 989 1036
D.11(65%0PC+10%RHA+25%FA) 0.4 697 715 706 *
D.12 (100% OPC) 0.5 5041 6015 5528
D.13 (95% OPC+5%RHA) 0.5 4983 5257 5120
D.14 (90% OPC+10%RHA) 0.5 4133 4907 4520
D.15 (85% OPC+15%RHA) 05 1366 1488 1427*
D.16 (85%0PC+15%FA) 0.5 2693 2871 2693
D.17 (75%O0PC+25%FA) 0.5 1501 2023 1762
D.18 (65%O0PC+35%FA) 05 946 1362 1154*
D.19 (80%OPC+5%RHA+15%FA) 05 1987 2387 2187
D.20(75%0PC+10%RHA+15%FA) 05 1423 1803 1613
D.21 (70%O0PC+5%RHA+25%FA) 05 1107 1143 1125
D.22(65%0PC+10%RHA+25%FA) 0.5 711 987 849"
D.23 (100% OPC) 0.6 5846 7362 6604
D.24 (95% OPC+5%RHA) 0.6 5888 6172 6030
D.25(90% OPC+10%RHA) 0.6 5443 5957 5700
D.26(85% OPC+15%RHA) 0.6 2494 2622 2558*
D.27(85%0PC+15%FA) 06 3430 3738 3430
D.28(75%0PC+25%FA) 0.6 2954 2506 2730
D.29(65%O0PC+35%FA) 0.6 1777 2191 1984
D.30(80%OPC+5%RHA+15%FA) 0.6 2011 2835 2423
D.31(75%0PC+10%RHA+15%FA) 0.6 1694 1832 1763
D.32(70%OPC+5%RHA+25%FA) 0.6 987 1373 1180
D.33(65%0PC+10%RHA+25%FA) 0.6 1164 966 1065*

. ] o dlollﬂ |9/Qdﬂv rvcadzild o o
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\ oy
AAIUNITUNUN(TRLAL)

A9 A AARUNTA(NN.ABAT.TN.)
W/B
NAN
wunau Waey 14 U 28 1 91 U

D.1 0.4 0 0 388 421 458
D.2 0.4 5 0 380 409 470
D.3 0.4 10 0 392 413 496
D.4 0.4 15 0 420 429 533*
D5 0.4 0 15 283 354 414
D.6 0.4 0 25 340 395 467
D.7 0.4 0 35 351 444 562"
D.8 0.4 5 15 404 434 516
D.9 0.4 10 15 421 441 521
D.10 0.4 5 25 414 444 563
D.11 0.4 10 25 425 483 595+
D.12 0.5 0 0 327 358 387
D.13 0.5 5 0 322 348 400
D.14 0.5 10 0 332 348 421
D.15 0.5 15 0 352 360 447"
D.16 0.5 0 15 278 300 351
D.A7 0.5 0 25 301 334 412
D.18 0.5 0 35 314 364 472"
D.19 0.5 5 15 344 369 465
D.20 0.5 10 15 356 373 478
D.21 0.5 5 25 352 379 496
D.22 0.5 10 25 361 379 515+
D.23 0.6 0 0 270 301 328
D.24 0.6 5 0 271 293 336
D.25 0.6 10 0 280 294 352
D.26 0.6 15 0 298 302 379"
D.27 0.6 0 15 232 253 295
D.28 0.6 0 25 249 278 341
D.29 0.6 0 35 257 305 398"
D.30 0.6 5 15 279 306 383
D.31 0.6 10 15 295 313 407
D.32 0.6 5 25 287 317 412
D.33 0.6 10 25 315 322 445

* =KX o dlollﬂ I”Qdﬂ‘v o deGVLd o o
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~ ! Y ad ~N A A ~ .
A7 NN 3.5 AMNANARRLAQIEITE AN 1@ WLW@W@&MWMW@TWNV%@MHW (Pore Diameter) LLay

Bunuinseraunaianum (Total Porosity) fAaaginaaaunsaie 9 dadiunas

APdIUNANARUNTA W/B 2R INTARUNTA TnsanaumaAaMAn
(13J ATAU) (Total Porosity)
wuug1uHaN(Mode) (%)
D.4 0.40 0.07 13.28
(85%0PC+15%RHA)
D.7 0.40 0.06 12.20
(65%0PC+35%FA)
D.11 0.40 0.06 8.30
(65%0PC+10%RHA+25%FA)
D.15 0.50 0.06 13.88
(85%0OPC+15%RHA)
D.18 0.50 0.06 14.04
(65%0PC+35%FA)
D.22 0.50 0.04 10.52
(65%0OPC+10%RHA+25%FA)
D.26 0.60 0.06 21.98
(85%0OPC+15%RHA)
D.29 0.60 0.06 18.41
(65%0PC+35%FA)
D.33 0.60 0.07 15.39

(65%0OPC+10%RHA+25%FA)
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NAN D.4

Andaunan D.4 (85% OPC + 15% RHA) , W/B = 0.40

1981 (FaTu) Anddunae s nndauelun (WNLAH) AnddunaelsfUTndauaIng (WALAN)

0 0 0

5 2 502
10 6 903
16 17 1368
24 38 1540
30 59 1873
37 90 1979
45 128 2018
56 182 2103
63 245 2113
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NAN D.7

D.7 (65%0PC +35% FA) , W/B = 0.40

198 (FaTu) AuddunselsfFndauetun (NNBHN) AuddunselsfUTndauAng (WNLAH)

0 0 0

5 0 304
10 0 541
16 14 803
20 27 954
25 43 1000
30 51 1254
34 84 1380
38 108 1355
43 116 1440
50 153 1484
55 182 1450
60 215 1502
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NAN D.11

D.11 ( 65%0PC+10% RHA+5% FA) , W/B = 0.40

1981 (FaTu) AuddunaelsfUTndauetun (WNLBH) AuddunaelsfUFndauAns (WNLAH)
0 0 0
5 0 140
10 0 303
15 12 428
20 27 557
25 32 598
30 45 703
35 68 733
40 71 797
45 111 868
50 132 888
55 161 903
60 163 952
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NaN D.15

Andaunan D.15 (85% OPC + 15% RHA) , W/B = 0.50

1981 (FaTu) AuddunaelsfUTndauetun (WNLBH) AuddunaelsfUFndauAns (WNLAH)

0 0 0

5 0 546

10 34 1210

15 60 1516

20 76 1964

25 111 2006
29.7 162 2134

35 246 2188

40 318 2234
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NaN D.18

AndiunNan D.18 ( 65%0PC +35% FA) , W/B = 0.50

A @

A @

1980 (%Tm) AuddunaelsfUTndauetun (WNLEN) AuddunaelsfUFndauAns (WNLEN)

0 0 0

5 0 383
10 0 800
15 33 1025
20 67 1110
25 90 1320
30 111 1623
35 174 1626
40 210 1712
45 289 1753
50 330 1803
55 378 1850
60 431 1934
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NaN D.22

Andiunan D.22 ( 65%0PC+10% RHA+5% FA) , W/B = 0.50

1981 (FaTu) AuddunaelsfUTndauetun (WNLBH) AuddunselsfUzndauatne (WNLBH)

0 0 0

5 0 301
10 0 520
15 30 772
20 56 890
25 89 1012
30 129 1185
35 161 1206
40 236 1326
45 306 1378
50 345 1455
55 413 1503
60 481 1562
65 532 1654
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NaN D.26

Andaunan D.26 ( 85% OPC + 15% RHA) , W/B = 0.60

1981 (FaTu) AuddunaelsfUTndauetun (WNLBH) AuddunaelsfUFndauAns (WNLAH)

0 0 0

5 33 725
10 83 2055
16 226 2668
22 350 3033
28 602 3423
35 920 3644
40 908 3945
47 1270 4097
54 1503 4445
60 1711 4701
65 1885 4804
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M19189N 3.13 ﬂ’W‘VﬂNLﬂﬂsllusﬂ‘ﬂ\‘lﬁ@@iﬁ‘ﬁ‘]_lﬂqmsﬂ’)LL@I‘N@LL@gLLﬂiVIﬁVILQ@’Wﬂ\‘]"] AAIAARAIU

NaN D.29

Andiunan D.29 ( 65%0PC +35% FA) , W/B = 0.60

1981 (FaTu) AuddunaelsfUTndauetun (WNLBH) AuddunaelsfUFndauAns (WNLAH)

0 0 0

5 0 776
10 5 1489
15 97 1933
20 216 2303
25 324 2729
30 405 2904
35 603 3135
40 %53 3408
45 821 3304
50 1048 3408
55 1201 3708
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AN D.33

Andaunan D.33 (65%0PC+10% RHA+5% FA) , W/B = 0.60

1981 (FaTu) AuddunaelsfUTndauetun (WNLBH) AuddunaelsfUFndauAns (WNLAH)

0 0 0

5 0 381
10 64 790
15 84 1172
20 188 1502
25 256 1704
30 430 1900
35 532 1997
40 669 2101
45 812 2378
50 926 2507
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717 3.1n uannieazaesiaguiasanvenuidaadullnnninsgiu ASTM C33
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917 3.2 n9fafauAne N RaunARIELARLTaFAWTS (Diamond Saw)

71713.3 Aausnetegnissend miun1measunIuuInsgIu ASTM C1202
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NIMIFIU ASTM C1202

N EaEis D EBYY
DPCE5%+RHAI0%+FA25% ( D44, Dj22,D.33) |

|
|
| |
OPC 75% FRHA 5%+FA 25% ( D.10/.D.21, D.32 ) |
1 . I f I I I
! OPLT5%+RHATD% +FA15% (D.8 ,D.20,0.31) |
— VW ' | i | Wb =080
— — OPC80%H RHA 5%+RA15% (D.8.0.12 D30 |
y l | | i |
i
OPCB5%0PC + FAS&}I: (D.7, D.1e+ D29) : Clwb = 056
— PC75% + FA25% (D6 DH7D.28) | I
I | I | |
l : , OPC 857%+ F%HE% m.s..nimn.z?} : Cwib = 040
|
|

I OPC 95%+RHA 5%(D.2,0.15,D.24)

T T T T ] ORC 100%(D.1/, D.12 ,D.23)
T T T i

0 1000 2000 3000 4000 5000 G000 7000

717 3.5 AndszalfnedetadunimeseudnaBanunnggIu ASTM C1202

(Coulomb Charge Passed)(Aa81])
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24 Volts, Power

et * I "t -.
Data logger I I i
i
(records charge — Enlarge the
passed) cell blocks
Printer
0.3 M NaOH 3% NaCl
Reservoir Reservoir

Stainless steel Concrete Sample 35 mm.  Gyainless steel

Anode long, 100 mm.diameter Cathode
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ANANIINARAUAEBLEN LONNLINEARIUNANARUNTANG 9 dRdounan 1Fun D.4

D.7 D.11 D.15 D.18 D.22 D26 D29 WAy D.33 ANATAU Nudnazls ANFumsinga

[ %

ABUNIATN (Total Porosity) @71x13nA uandldannensndauzessuinsrestlseniignen
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(85%0PC+15%RHA) (93.31%) (5.52%) (1.17%) (100.00%)
D.7 0.4 9.60% 0.94% 1.66% 12.20%
(65%0PC+35%FA) (78.67%) (7.70%) (13.62%) (100.00%)
D.11 0.4 7.22% 0.53% 0.53% 8.29%
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D.4
37.2 3,915 1961 87 4.44% 2.34
(85%O0PC+15%RHA W/B=0.4)
D.7
43.0 2,815 1426 125 8.77% 2.91
(65%0PC+35%FA \W/B=0.4)
D.11
(65%0PC+10%RHA+25%FA 496 2,114 834 120 14.39% 2.42
W/B=0.4)
D.15
29.7 4213 2156 167 7.75% 5.62
(85%O0PC+15%RHA W/B=0.5)
D.18
36.5 3,509 1652 190 11.50% 5.21
(65%0PC+35%FA \W/B=0.5)
D.22
(65%O0PC+10%RHA+25%FA 40.5 2,678 1317 239 18.15% 5.90
W/B=0.5)
D.26
22.0 7,612 3088 386 12.50% 17.55
(85%0PC+15%RHA ,W/B=0.6)
D.29
29.5 5,635 2913 425 14.59% 14.41
(65%0PC+35%FA ,W/B=0.6)
D.33
(65%O0PC+10%RHA+25%FA 31.0 3,287 1890 426 22.54% 13.74
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(Pore Size) (Pore Size) (Pore Size)

(lumsau) (lumsau) (lumsnu)
D.4 (85%0PC+15%RHA ,W/B=0.4) 0.06537 0.0313 0.05221
D.7 (65%0PC+35%FA ,W/B=0.4) 0.06455 0.03422 0.0686
D.11 (65%0PC+10%RHA+25%FA ,W/B=0.4) 0.06301 0.03086 0.0534
D.15 (85%0PC+15%RHA ,W/B=0.5) 0.05632 0.02871 0.05079
D.18 (65%0OPC+35%FA ,W/B=0.5) 0.05596 0.02857 0.04832
D.22 (65%0PC+10%RHA+25%FA ,W/B=0.5) 0.03973 0.02372 0.03423
D.26 (85%0PC+15%RHA ,W/B=0.6) 0.05624 0.02936 0.04879
D.29 (65%0OPC+35%FA ,W/B=0.6) 0.05920 0.02988 0.05321
D.33 (65%0PC+10%RHA+25%FA ,W/B=0.6) 0.06648 0.03371 0.06648
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_ ; AV . Dv(r)
P(psia) | AP(psia) r(nm) Viem) | AV(cm’) | — (cm’/psia) ,
AP (cm’/nm)
50 50 213400 0.085 0.085 1.700 0.40
200 150 53350 0.142 0.057 0.380 1.42
500 300 21340 0.251 0.109 0.363 8.51
1000 500 10670 0.330 0.079 0.158 14.81
5000 4000 2134 0.461 0.131 0.0328 76.85
10000 5000 1067 0.633 0172 0.0344 322.4
15000 5000 711.3 0.772 0.139 0.0278 586.25
20000 5000 5335 0.825 0.053 0.0106 397.39
30000 10000 355.7 0.860 0.035 0.0035 295.19
40000 10000 266.8 0.862 0.002 0.0002 29.99
50000 10000 2134 0.863 0.001 0.0001 23.43
60000 10000 177.8 0.863 0.000 - -
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