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ABSTRACT

Project Code: MRG5080127

Project Title: Microstructure and Strength Studies of Cement-Fly Ash Stabilized
Clay

Investigator: Associate Professor Suksun Horpibulsuk, Ph.D.

Suranaree University of Technology

E-mail Address: suksun@sut.ac.th

Project Period: 2 years

This research consists of three main chapters: compaction curves-analysis and
assessment; analysis of strength development in cement stabilized clay from microstructural
considerations; and role of fly ash on microstructure development in blended cement
stabilized clay. In the first main chapter, a phenomenological method for predicting
compaction curves for both fine- and coarse-grained soils is introduced and modified Ohio’s
compaction curves are developed. In the last two main chapters, some influential factors
such as water content, cement content, curing time, replacement ratio, and fineness of fly
ash on the strength development are well understood. A study on the microstructure is
carried out using a scanning electron microscope, mercury intrusion pore size distribution
measurements, and thermal gravity analysis. Strength development in the blended cement
stabilized clay is dependent upon cementitious products due to combined effect (hydration
and dispersion). Water content of 1.2 optimum water content gives the highest cementitious
products. The cementitious products increase with time, resulting in the reduction in total
pore volume and strength development. Three improvement zones are observed: active,
inert, and decline. The active zone is the most effective where the cementitious products
increase with cement. Fly ash is an inert material dispersing clay-cement clusters when
interacted with water. The dispersion increases the cementitious products, and hence

strength, and is dependent upon replacement ratio and fineness.

Keyword: cement-fly ash stabilization, pore size distribution, thermal gravity analysis,

strength, microstructure, cementation bond, fabric, scanning electron microscopic
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\ Clay particle

(a) Salt flocculation
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(b) Nonsalt flocculation (c) Dispersion
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of pore sizes
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3.2 manaaevluviesfiams

3.2.1 AurIeg
Aa @ 1 Aq Y = dy 9 a < a < = a <
@u@l']’ﬁ)fl’l\ﬁ/]bl“lfel)uﬂ'liﬁﬂ‘HTL!“]J‘igﬂ'ﬁ]‘]Jﬂ')ﬁlﬂuLNﬂWU1ULLa$ﬂuLMﬂa3lﬂﬂﬂ AULUA YD
ATOUAQUAL 16 FHA AWNITIUUNTZUONNIN (Unified Soil Classification System, USCS) @4
< a o A @ @ = a < 1 3 Y A
m‘umﬂwmamnmiummamm WWHIIAUATINFTUT  AULUAKIIUIDTIUU Ulﬂl,!,ﬂ NIINNVUAITY
= d’d = d’ a =~ d‘ a
Aaza (GW) ﬂ'ﬁ?ﬂﬂilﬂ')"mﬂﬁzulﬂﬂ (GP) NFIW@NHAUAUHUYD (GC) NFIMNHTUAUALNOU (GM)
ATIANTUAUHUIINUANUAASA (GW-GC) NIIANTUAUAZNDUNUANUAALA (GW-GM) N319
a d’d = a =~ tﬂ'd 1= d'd
Nﬁmumﬂauﬂummﬂaﬂm (GP-GC) ﬂ‘mﬂWﬁmumummummmﬂm (GP-GM) M3518NY
= d‘d = a = a
ANUAATA (SW) V]inJVIiJﬂ'J'IﬂJﬂﬁ%llﬁJﬂ (SP) mwﬂuﬂumum (SC) mwﬂuﬂumﬂeu (SM)
Wﬁ?ﬂﬂﬂﬂﬂlﬁﬂﬂ?ﬂﬂﬂﬁ?ﬂﬂﬁ%ﬂ (SW-SC) mwﬂuﬂumﬂ@uwummﬂam (SW-SM) mwﬂuﬂu
~ ti'd = a ti'd =
mumwnmmmﬂm (SP-SO) mwﬂuﬂumﬂau‘ﬂummmﬂtuﬂ (SP-SM)
a <3 = 9 a =1 a . a = a
ﬂumﬂamaaﬂﬂizﬂaummumumﬂuﬂumﬂau 1 (Sllty clay 1) ﬂumumﬂuﬂumﬂau 2
(Silty clay 2) AwrHeIluaUaznoU 3 (Silty clay 3) AurideIluauaznoU 4 (Silty clay 4) AU
= 1 a a 4 .. a 4 . a
IMUIINNTDOU (Weathered clay) aualoa lun (Kaolinite) auuInluv (Bentonite) HAZAUNTY
1 a 4 o [ 1 % 3 a @ f;
5zw’mﬂﬂaa'lummzmuiw”luﬂuammm 2:1 uag 4:1 Cd]ﬁﬂi@ﬂﬂquﬂﬂﬂuﬂﬁu@ﬁ@%m%qq

a

5zﬁ’umimuﬁ’maQﬁum'lﬁ'mﬂﬂ"ﬁmﬁaummauﬁaamz (Free swell test) Neruo 1ag Prakash
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and Sridharan (2004) 1Hea0n 3T NOeua I MaouNFeds 18 (Horpibulsuk et al., 2007) 91033
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. a = 1 v = a d Jo I Aa
swelling type) Aumigagnsoudailuauuindafi aumiieanlod luinaziwuIn luniadudu
] o @ o w a 1 a 4 o’o’j a o g A
”hlmumuazmumqq AU Y mwamzmnmiaa”lummgmuim”luwmﬁﬂwummﬂuﬂu

k4
U?Nﬁ?gﬁﬂ?ﬂﬂﬁ?ﬁ ﬂmﬁuﬁﬂﬁugm MITUNAUMUIZVUBANN LAZNITATLIYANUARE

9 v [
YDIAUTINUAUAAIAINT 1T 3.1 azgii 3.1

Y

A195199 3.1 AUANANU LI MITLUNAUAINTZUDIONN N

Soils Soil composition LL PL G, USCS Sediment volume (mL/10gm) Swelling
Gravel Sand Silt and In distilled In CCL F Sl.i
%) %) Clay (%) (%) water b) Ratio
(%) (a) (a/b)
Silty clay 1 - 30.8 69.2 39.7 7.7 2.70 CL 17.2 10.1 1.7 Moderately
Silty clay 2 - 24.2 75.8 423 6.1 2.69 CL 15.9 10.1 1.6 Moderately
Silty clay 3 13.3 15.7 71 47.5 15.8 2.64 CL 13.1 12.2 1.1 Low
Silty clay 4 - 19.3 80.7 493 7.4 2.65 CL 15.0 10.0 1.5 Moderately
Kaolinite - - 100 52.0 34.8 2.62 CH 13.1 55.2 0.2 Non
Bangkok clay - 443 55.7 63.5 327 2.63 CH 20.0 15.8 1.3 Low
Bentonite
+ Kaolinite - - 100 150.6 39.2 2.58 CH 40.1 26.0 1.5 Moderately
Bentonite
+Bangkok clay - 11.3 88.7 152.9 48.3 2.60 CH 81.0 47.9 1.7 Moderately
Bentonite - - 100 256.3 39.2 2.66 CH 93.3 452 2.1 Highly
Well-graded gravel 52.34 43.95 3.71 - - 2.71 GW - - - -
Poorly-graded gravel 50.83 45.51 3.67 - - 2.75 GP - - - -
Well-graded gravel with clay 47.13 4428 8.59 29.47 14.13 2.73 GW-GC - - - -
Well-graded gravel with silt 46.68 44.64 8.69 - - 2.75 GW-GM - - - -
Poorly-graded gravel with clay 48.69 41.89 9.43 37.83 14.73 2.75 GP-GC - - - -
Poorly-graded gravel with silt 52.60 38.20 9.21 - - 2.70 GP-GM - - - -
Clayey gravel 46.75 31.87 21.38 63.21 13.37 2.66 GC - - - -
Silty gravel 62.07 25.67 12.27 - - 2.65 GM - - - -
Well-graded sand 25.65 69.83 4.52 - - 2.68 SW - - - -
Poorly-graded sand 17.35 79.20 3.45 - - 2.69 SP - - - -
Well-graded sand with clay 13.09 77.27 9.64 30.37 18.78 2.67 SW-SC - - - -
Well-graded sand with silt 9.93 80.40 9.67 - - 2.64 SW-SM - - - -
Poorly-graded sand with clay 7.59 83.59 8.82 31.24 19.34 2.65 SP-SC - - - -
Poorly-graded sand with silt - 91.35 8.66 - - 2.60 SP-SM - - - -
Clayey sand 26.41 45.80 27.80 61.10 14.75 2.66 SC - - - -
Silty sand 24.53 49.12 26.35 - - 2.69 SM - - - -
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v Y Y v Y
A13199 3.2 Ysunannudu ﬁu?ﬂﬁWﬂﬁﬂL!ﬁ}Q uazﬁzﬁummawﬁaﬁaaﬂw VR UNATOU

Test Results Prediction (Eq. 3)
Soils | Egym’) | € i obs | owc Vi ODS
(%) (kN/m’) (%) (%) (kN/m’) (o)
296.3 17.8 16.8 83.5 17.4 16.9 83.1
Silty 592.5 15.4 17.6 83.1 Ref. Ref. Ref.
Clay 1 1346.6 11.7 19.2 83.5 13.4 18.5 83.1
2693.3 10.2 20.0 84.2 11.6 19.2 83.1
Silty 296.3 19.1 16.6 86.8 18.6 16.8 87.0
clay 2 592.5 16.5 17.5 87.0 Ref. Ref. Ref.
1346.6 13.6 18.6 86.9 14.3 18.3 87.0
2693.3 11.7 19.3 86.3 12.4 19.1 87.0
Silty 296.3 24.0 14.6 81.7 24.8 14.4 81.7
clay 3 592.5 22.0 15.1 81.7 Ref. Ref. Ref.
1346.6 20.0 15.8 82.2 19.1 16.0 81.7
2693.3 18.1 16.4 824 16.5 16.9 81.7
Silty 296.3 20.5 16.1 88.5 19.9 16.2 87.4
clay 4 592.5 17.7 16.9 87.4 Ref. Ref. Ref.
1346.6 15.0 17.7 85.7 15.4 17.7 87.4
2693.3 12.4 18.9 87.2 13.3 18.5 87.4
Kaolinite 296.3 33.1 13.2 91.5 33.0 13.2 91.2
592.5 29.3 14.0 91.2 Ref. Ref. Ref.
1346.6 26.3 14.6 91.1 25.5 14.8 91.2
2693.3 233 15.4 90.8 22.0 15.7 91.2
Bangkok 296.3 30.7 13.6 89.6 30.6 13.6 89.7
clay 592.5 272 14.4 89.7 Ref. Ref. Ref.
1346.6 239 15.2 89.8 23.7 15.2 89.7
2693.3 20.3 16.2 89.8 20.5 16.1 89.7
Bentoinite 296.3 322 13.0 87.2 32.1 13.0 87.7
+ 592.5 28.5 13.8 87.7 Ref. Ref. Ref.
Kaolinite 1346.6 24.8 14.7 88.0 24.8 14.6 87.7
2693.3 20.8 15.7 87.7 21.5 15.5 87.7
Bentoinite 296.3 36.8 12.3 89.1 36.7 12.3 89.5
+ 592.5 32.6 13.1 89.5 Ref. Ref. Ref.
Bangkok 1346.6 28.0 14.1 89.7 284 14.0 89.5
clay 2693.3 23.9 15.0 89.0 24.5 14.9 89.5
Bentoinite 296.3 38.7 11.9 85.6 38.1 12.0 86.4
592.5 33.8 12.8 86.4 Ref. Ref. Ref.
1346.6 29.8 13.6 85.7 29.4 13.7 86.4
2693.3 274 14.1 85.8 25.5 14.6 86.4
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A15199 3.2 (D)

Test Results Prediction (Eq. 3)
Soils | Eqam? | O"C e obs | owc Vi ODS
(%) (kN/m’) (o) (%) (kN/m’) (%)
296.3 9.52 20.13 80.4 9.3 20.2 79.8
GW 592.5 8.52 20.62 79.8 Ref. Ref. Ref.
1346.6 7.78 21.05 80.2 7.3 21.3 79.8
2693.3 6.60 21.68 79.1 6.3 21.9 79.8
296.3 9.59 20.27 79.7 9.4 20.4 79.8
GP 592.5 8.58 20.82 79.8 Ref. Ref. Ref.
1346.6 7.68 21.35 80.1 7.3 21.5 79.8
2693.3 6.91 21.77 79.4 6.4 22.1 79.8
296.3 7.48 21.21 71.7 7.7 21.1 77.7
GW-GC 592.5 7.00 21.50 77.7 Ref. Ref. Ref.
1346.6 6.19 22.01 78.0 6.0 22.1 77.7
2693.3 5.25 22.60 77.5 52 22.7 77.7
296.3 8.92 20.63 79.7 9.1 20.5 80.0
GW-GM 592.5 8.35 20.96 80.0 Ref. Ref. Ref.
1346.6 7.57 21.37 79.4 7.1 21.7 80.0
2693.3 6.62 21.91 78.7 6.2 222 80.0
296.3 9.17 20.16 74.5 9.2 20.1 74.3
GP-GC 592.5 8.39 20.59 74.3 Ref. Ref. Ref.
1346.6 7.86 20.94 74.9 7.1 21.3 74.3
2693.3 6.76 21.56 74.0 6.2 21.9 74.3
296.3 10.82 19.39 79.9 10.3 19.6 79.5
GP-GM 592.5 9.42 20.07 79.5 Ref. Ref. Ref.
1346.6 8.38 20.61 79.4 8.0 20.8 79.5
2693.3 7.22 21.26 79.3 7.0 214 79.5
296.3 12.32 18.18 75.3 12.4 18.1 74.9
GC 592.5 11.35 18.60 74.9 Ref. Ref. Ref.
1346.6 10.25 19.14 75.1 9.7 19.4 74.9
2693.3 9.10 19.68 74.2 8.4 20.1 74.9
296.3 9.67 19.68 79.8 9.8 19.6 79.6
GM 592.5 8.93 20.04 79.6 Ref. Ref. Ref.
1346.6 8.10 20.44 79.0 7.6 20.7 79.6
2693.3 7.29 20.95 80.2 6.6 21.3 79.6
296.3 8.32 20.25 74.8 7.8 20.5 74.8
SW 592.5 7.13 20.94 74.9 Ref. Ref. Ref.
1346.6 6.21 21.50 74.7 6.1 21.6 74.8
2693.3 5.18 22.15 74.2 5.3 22.1 74.8

33




A15199 3.2 (D)

Test Results Prediction (Eq. 3)
Soils | Egym’) | € it obs | owc e oDs
(%) (kN/m’) (%) (%) (kN/m’) (%)
296.3 9.72 19.57 75.1 9.3 19.8 75.3
SP 592.5 8.52 20.23 75.3 Ref. Ref. Ref.
1346.6 7.65 20.71 75.0 7.3 21.0 75.3
2693.3 6.69 21.29 75.2 6.3 21.5 75.3
296.3 11.37 18.97 79.7 10.8 19.3 79.6
SW-SC 592.5 9.82 19.71 79.6 Ref. Ref. Ref.
1346.6 8.43 20.36 78.6 8.4 20.5 79.6
2693.3 7.32 21.01 79.3 7.3 21.1 79.6
296.3 11.41 18.81 79.9 11.4 18.8 79.5
SW-SM 592.5 10.44 19.23 79.5 Ref. Ref. Ref.
1346.6 9.87 19.57 80.6 8.9 20.0 79.5
2693.3 9.00 20.01 80.7 7.7 20.6 79.5
296.3 12.25 18.49 80.0 11.9 18.6 79.9
SP-SC 592.5 10.84 19.12 79.9 Ref. Ref. Ref.
1346.6 9.78 19.63 79.9 9.2 19.9 79.9
2693.3 8.75 20.20 80.7 8.0 20.5 79.9
296.3 14.06 17.54 80.6 14.5 17.4 80.9
SP-SM 592.5 13.20 17.91 80.9 Ref. Ref. Ref.
1346.6 11.96 18.32 79.2 11.2 18.7 80.9
2693.3 10.80 18.81 78.8 9.8 19.4 80.9
296.3 14.13 17.75 80.0 14.1 17.8 80.4
SC 592.5 12.83 18.32 80.4 Ref. Ref. Ref.
1346.6 11.42 17.40 80.7 10.9 19.2 80.4
2693.3 10.07 19.54 80.0 9.5 19.9 80.4
296.3 10.15 19.64 79.5 10.1 19.7 80.1
SM 592.5 9.18 20.17 80.1 Ref. Ref. Ref.
1346.6 8.15 20.74 80.4 7.8 20.9 80.1
2693.3 7.35 21.21 80.9 6.8 21.5 80.1
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MINN 3314, 4 , B, uag B, AmSuaunageunnwsia

Soils E (kl/m®) Ay By Ay B, Ad/ Ay A/Avse OWC/OWC,,

296.3 20.14 0.70 25.96 2.11 1.14 1.13 1.15
592.5 17.65 0.73 22.90 2.14 1.00 1.00 1.00
Silty clay 1 1346.6 13.30 0.72 17.07 2.10 0.75 0.75 0.76
26933 11.50 0.72 14.87 221 0.65 0.65 0.66
296.3 21.26 0.75 24.40 1.72 1.16 1.16 1.16
592.5 18.29 0.75 20.96 1.73 1.00 1.00 1.00

Silty clay 2
1346.6 15.10 0.75 17.33 1.73 0.82 0.82 0.82
2693.3 13.13 0.76 15.17 1.74 0.72 0.72 0.71
296.3 28.25 0.80 33.26 1.61 1.10 1.10 1.09
592.5 25.84 0.80 30.37 1.60 1.00 1.00 1.00

Silty clay 3
1346.6 23.44 0.80 27.47 1.61 0.90 0.90 0.91
2693.3 21.07 0.79 24.64 1.60 0.81 0.81 0.82
296.3 22.36 0.70 24.69 1.51 1.15 1.14 1.16
592.5 19.49 0.71 21.68 1.50 1.00 1.00 1.00

Silty clay 4
1346.6 16.79 0.72 18.94 1.50 0.8 0.87 0.85
2693.3 13.63 0.71 15.21 1.51 0.70 0.70 0.70
296.3 35.48 0.79 42.05 2.71 1.12 1.12 1.13
592.5 31.54 0.80 37.54 2.70 1.00 1.00 1.00

Kaolinite

1346.6 28.34 0.81 33.80 271 0.90 0.90 0.90
2693.3 2521 0.80 30.35 2.72 0.80 0.80 0.80
296.3 33.60 0.81 40.21 245 1.13 1.13 1.13
592.5 29.68 0.80 35.44 243 1.00 1.00 1.00
Bangkok clay 1346.6 26.05 0.81 31.06 2.45 0.87 0.87 0.88
2693.3 22.18 0.81 26.43 2.44 0.75 0.75 0.75
296.3 35.70 0.75 40.78 1.72 1.13 1.13 1.13

Bentonite
592.5 31.53 0.76 35.78 1.72 1.00 1.00 1.00

4
. 1346.6 27.30 0.76 30.86 1.72 0.86 0.86 0.87
Kaolinite

26933 22.94 0.75 26.05 1.72 0.77 0.73 0.73
296.3 40.33 0.80 45.92 1.92 1.13 1.13 1.13

Bentonite
592.5 35.70 0.81 40.43 1.93 1.00 1.00 1.00

4
1346.6 30.57 0.81 34.49 1.92 0.85 0.85 0.86
Bangkok clay

2693.3 26.24 0.81 29.88 1.92 0.74 0.74 0.73
296.3 44.19 0.86 49.66 1.61 1.15 1.16 1.14
592.5 3831 0.85 42.87 1.62 1.00 1.00 1.00

Bentonite
1346.6 34.04 0.86 38.21 1.61 0.89 0.89 0.88
2693.3 31.22 0.85 35.14 1.62 0.81 0.82 0.81
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A13199 3.3 (D)

Soils E (kJ/m®) Ay By Ay, B, Ad/A gy A/ A OWC/OWC,,
296.3 11.13 0.70 13.39 1.53 1.11 1.11 1.12
592.5 9.98 0.70 12.06 1.53 1.00 1.00 1.00
GW 1346.6 9.08 0.70 10.89 1.53 0.91 0.90 0.91
2693.3 7.78 0.70 9.48 1.54 0.78 0.79 0.77
296.3 11.24 0.70 16.22 2.32 1.12 1.12 1.12
592.5 10.05 0.70 14.46 2.31 1.00 1.00 1.00
GP 1346.6 8.97 0.70 12.84 2.32 0.89 0.89 0.90
2693.3 8.13 0.70 11.81 2.32 0.81 0.82 0.81
296.3 8.96 0.72 11.71 1.77 1.07 1.07 1.07
592.5 8.37 0.72 10.91 1.76 1.00 1.00 1.00
GW-GC 1346.6 7.38 0.72 9.57 1.76 0.88 0.88 0.88
2693.3 6.29 0.72 8.24 1.77 0.75 0.75 0.75
296.3 10.48 0.71 13.77 1.91 1.07 1.08 1.07
592.5 9.78 0.71 12.81 1.92 1.00 1.00 1.00
GW-GM 1346.6 8.92 0.71 11.79 1.91 0.91 0.92 0.91
2693.3 7.85 0.72 10.47 1.92 0.80 0.82 0.79
296.3 11.41 0.74 14.43 1.54 1.09 1.09 1.09
592.5 10.46 0.74 13.25 1.54 1.00 1.00 1.00
GP-GC 1346.6 9.74 0.74 12.25 1.54 0.93 0.92 0.94
2693.3 8.46 0.74 10.76 1.54 0.81 0.81 0.81
296.3 12.47 0.63 18.34 2.35 1.14 1.14 1.15
592.5 10.89 0.64 16.15 2.35 1.00 1.00 1.00
GP-GM 1346.6 9.71 0.64 14.43 2.35 0.89 0.89 0.89
2693.3 8.37 0.64 12.46 2.35 0.77 0.77 0.77
296.3 14.67 0.62 19.08 1.54 1.08 1.08 1.09
592.5 13.58 0.62 17.72 1.54 1.00 1.00 1.00
GC 1346.6 12.23 0.62 15.93 1.54 0.90 0.90 0.90
2693.3 10.93 0.62 14.39 1.54 0.81 0.81 0.80
296.3 14.67 0.62 19.08 1.54 1.08 1.08 1.09
592.5 13.58 0.62 17.72 1.54 1.00 1.00 1.00
GM 1346.6 12.23 0.62 15.93 1.54 0.90 0.90 0.90
2693.3 10.93 0.62 14.39 1.54 0.81 0.81 0.80
296.3 10.16 0.69 13.88 1.76 1.17 1.17 1.17
592.5 8.70 0.69 11.90 1.76 1.00 1.00 1.00
SW 1346.6 7.60 0.69 10.40 1.76 0.87 0.87 0.87
2693.3 6.36 0.69 8.76 1.76 0.73 0.74 0.73
296.3 11.63 0.63 19.06 2.35 1.14 1.15 1.14
SP 592.5 10.18 0.63 16.56 2.34 1.00 1.00 1.00
1346.6 9.16 0.63 15.03 2.35 0.90 0.91 0.90
2693.3 8.01 0.63 13.07 2.35 0.79 0.79 0.79
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A13199 3.3 (D)

Soils E (kJ/m®) Aq By Ay, B, Ad/A gy A/ A OWC/OWC,,

296.3 13.22 0.66 16.61 1.67 1.16 1.16 1.16

592.5 11.43 0.67 14.37 1.66 1.00 1.00 1.00

SW-SC 1346.6 9.91 0.67 12.59 1.66 0.87 0.88 0.86
2693.3 8.54 0.67 10.76 1.67 0.75 0.75 0.75

296.3 13.43 0.72 17.55 1.92 1.09 1.08 1.09

592.5 12.33 0.73 16.25 1.93 1.00 1.00 1.00

SW-SM 1346.6 11.54 0.73 14.94 1.92 0.94 0.92 0.94
2693.3 10.52 0.73 13.61 1.93 0.85 0.84 0.86

296.3 14.13 0.64 18.53 1.85 1.13 1.13 1.13

5925 12.50 0.63 16.47 1.86 1.00 1.00 1.00

SP-SC 1346.6 11.27 0.63 14.84 1.86 0.90 0.90 0.90
2693.3 10.02 0.63 13.02 1.86 0.80 0.79 0.81

296.3 16.56 0.76 19.84 1.59 1.07 1.07 1.07

5925 15.50 0.76 18.49 1.59 1.00 1.00 1.00

SP-SM 1346.6 14.20 0.76 17.17 1.59 0.92 0.93 0.91
2693.3 12.93 0.76 15.76 1.59 0.83 0.85 0.82

296.3 16.70 0.75 24.43 245 1.11 1.11 1.10

5925 15.10 0.75 21.92 2.46 1.00 1.00 1.00

SC 1346.6 13.40 0.75 19.30 2.46 0.89 0.88 0.89
2693.3 11.91 0.75 17.48 2.46 0.79 0.80 0.78

296.3 11.73 0.63 16.11 2.01 1.11 1.11 1.11

5925 10.54 0.62 1451 2.06 1.00 1.00 1.00

SM 1346.6 9.33 0.62 12.74 2.05 0.88 0.88 0.89
2693.3 8.39 0.63 11.29 2.03 0.80 0.78 0.80
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Dry unit weight, 54 (kN/m3)

Dry unit weiht, y (kN/m3)

23 T T T T T ! ! ! !
» L Half standard Progtor]||<> Well-graded gravel
_ 3
E'=1296.3 kJ/m @ Poorly-graded gravel

21 | + Clayey gravel

© Silty gravel
20 X Bentonite + Weathered clay ] A Wel}ll-:rra dad gravel with clay
19 - v Bentonite. * Kaolinite ) 7|l @ Well-graded gravel with silt
18 L A S#ty clay 1 a S%lty clay 3 || v Poorly-graded gravel with clay

® Silty clay 2 O Silty clay 4 A Poorly-graded gravel with silt

17 v Weathered clay Well-graded sand
16 |- O Kaolini‘fe —| @ Poorly-graded sand
5L B Bentonite v Clayey sand

<& Silty sand
14 - —| * Well-graded sand with clay
13 L _|| ® Well-graded sand with silt

© Poorly-graed sand with clay
12 - | & Poorly-graded sand with silt
11 | "o
10 1 1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45 50

Water content, w (%)

51/ 3.10 nslTelaTod Sl gedmsunasaumsuada 296.3 flagadegmnArsiuas

24 | | | | I I I
L Half modified Progtor | & Well-graded gravel
E=1346.6 kJ/m @ Poorly-graded gravel
22 + —| + Clayey gravel
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21 X Bentonite + Weathered clay T 2 Well-graded gravel with clay
20 Vv Bentonite + Kaolinite | @ Well-graded gravel with silt
A Silty clay 1 4 Silty clay 3 v Poorly-graded gravel with clay
19 - y N\ @ Silty clay 2 O Silty clay 4 | @ Poorly-graded gravel with silt
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17 o /\A B Bentonite —| ¥ Clayey sand
16 1 /\\ _|[ ¥ Silty sand
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15 A —| @ Well-graded sand with silt
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4 " Ax % e Poorly-graded sand with silt
13 . X O ]
12 | | | | | | |

Water content, w (%)
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Dry unit weight, 54 (kN/mS)

24

23

22

21

20

19

18

17

16

15

14

13

3

Ui

Dry unit weight, 3, (kN/m3)

Water content, w (%)

T T T T ! !
Modified Proctor ||| ¢ Well-graded gravel
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16 I I I 1 1 1 1
Limestone resdual clay
| LL = 80%, PL = 35%, G, =2.81
| By=0.70, B, = 1.72
15 |- —
E=2634.5K]/
i g{efeg%ncl:g) — Measured
d ™ LI,
A, =31.53 -=-=-- Predicted
14 z .
2
o
[ E=1197.5 kl/m’ e I
Ag=33.23,
13F Ay=3782 -
E=592.5kI/m’
i Ay =37.36, i
A, =42.52 s
12 R X i
E =479 kJ/m S =89%
Aq=39.03,
- A, =44.42 . i
11 | | | | | | |
10 15 20 25 30 35 40 45 50
Water content, w (%)
7107 3.13 masinnens I LASAYE A limestone residual clay

(fo38910 Bell, 1956)
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T T T T T T
\ Clay
220 |- \ LL =22%, PL =19%, G =2.70
B4=10.64, B, =1.76
—_
m& 21.0
<
S
o 200
&
= E =958 kJ/m’
= (Reference)
- Ag4=9.94
= 190 A, =15.03
=)
2 E =592.5 kJ/m’
A Ag=11.08
| A, =16.35
18.0 E .
Ag=12.52
A, = 1847
17.0 ] ] ] ] ] ]

0 2.5 5.0 7.5 10.0 125 150 175
Water Content, w (%)

7101 3.14 msiunensimsuadavesauiien (Yeyaain Proctor, 1948)

22 T T T T T ' ' ' '
Lateritic soil (GC)
i \ G, =2.75 !
LL=36%, PL=16%
1L B, =0.65,B, =221
A E=2693.3 kl/m’
g i ﬁi—:9“2%3 — Measured |
E 3 ---- Predicted
~ E=1346.6 kJ/m™, _
S 20 x =057,
e | A=129 |
S
O
2 19k \ _
= E=592.5kl/m
g (Reference)
2 | E=296.3 ki/m* . S
A 8 Ag=13.55, §=88.0% \Z
B A, = 16.54 : .
17 ! ! ! ! ! ! ! ! !

0 2 4 6 8§ 10 12 14 16 18 20

Water content, w (%)

517 3.15 m3shnensimsuadavesnsaatuaumile (Yoyaa1n Ruenkrairergsa, 1982)
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21 | | | |
Lateritic soil (SM)
\ LL=53.0%
— Measured \,\ PL=37.5%
20 - --- Predicted 4 B4=10.58, B, =2.53
—
on
£
5 19
1
= E=2693.3 kJ/m’
= Ay = 10.08,
e A, = 18.50
e 18
) E=1346.6 klI/m>
= Ag=11.81,
= A, =21.24
g 17
E E=592.5kJ/m?
(Reference) 3
16 E =296.3 kJ/m
Ag=15.14,
A, =27.23
15 | | | | | | | | |

0 2 4 6 8 10 12 14 16 18 20

Water content, w (%)

3101 3.16 msinnensimsvadavesdugnss (Yoyanin Horpibulsuk et al., 2004c)

21 | | | | | | |
Clayey sand (SC)
LL=45.3%,PL=21.3%
B,=0.61, B4=2.56
20 |-
m/‘\
£
5 o —— Measured
j” %  ---- Predicted
§ 19 | , 9}» ]
N E =1346.6 kI/m}” 2
= Ag=12.16, 7
oh Ay =1631
5}
Ty |
= 3
= E =592.5 kI/m
=) (Reference)
&
A E=296.3 kJ/m’
17 |- Ag = 15.59, 7
A, =20.92
16 | | | | | | |

4 6 8 10 12 14 16 18 20

Water content, w (%)

3101 3.17 m3shnensimsvasavesnseuaumiles (Joyaain Horpibulsuk et al., 2004c)
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