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Sompong Rojkansadarn 2009: Soil Properties Effect on Construction of Soil-Cement
Column: Case Study on Drainage System Suvarnabhumi International Airport Project.
Master of Engineering (Civil Engineering), Major Field: Civil Engineering, Department
of Civil Engineering. Thesis Advisor: Associate Professor Warakorn Mairaing, Ph.D.

141 pages.

The signification of soil improvement on foundation of the road embankment is
considerably important and acting as one major part of the drainage system of Suvarnabhumi
International Airport. The construction of 246,300 soil-cement columns has strengthened soil
body and much more able to support the heavy traffic load on the road embankment, since they
have been constructed parallel to the main drainage canal. The test performance of soil-cement
and the data collection have been treated and interpreted efficiently. By using the Geographic
Information System (GIS), this research evidently presents the soil profile characteristic and
statistical relationship among the soil properties. Finally the key procedure is zoning area of soil
layer and has compared the construction method of soil-cement column from the whole test

performance.

From the research result, Bangkok Clay can be divided into different layers according
to the soil properties and strength characteristics. Upper layers from 0.00 to 15.00 meters
(M.S.L.), the next consisting of stiff clay from 15.00 to 20.00 meters (M.S.L.) and layers of
clayey sand above the layer of first sand which is located at the depth of 20.00 meters (M.S.L.).
The analysis of soil strength versus depth characteristic within the multi layer soil stratum was
then interpreted and classified into two typical patterns. The first is called soil strength line
pattern “C” (SSL*“C”) and the second is called soil strength line pattern “CC” (SSL“CC”). Soft
Clay in considerable project area is high plasticity clay with has the mean of Plasticity Index
(PI) about 55%, and the mean of natural water content (W, ) is very close to the Liquid Limit
(LL) that is between 83% and 93%. The mean of Undrained Shear Strength from Unconfined
Compression Test (S,.) is 1.18 tm’. Also when compare the physical properties and
engineering properties of soil-cement column, it shows that the High Pressure Mechanical
Mixing Method and Low pressure Mechanical Mixing represent the properties nearly equal in
strength and elasticity. A part of Modified Dry Mixing Method and Jet Grouting Method

represent the properties of high strength and consider a hard material but more brittle.

Student’s signature Thesis Advisor’s signature
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- M Compressibility 1&uA Coefficient of Consolidation (C,), Compression Index (C)

1 Initial Void Ratio (e,)

- Permeability 1@un Coefficient of Permeability (k)

- 51.!@] 1Y Q, 910 Compaction Test, Degree of Dispersive 911 Double Hydrometer Test
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M3 1 d3Unaauianienen eI uKiie N U

Sand,% Silt,% Clay,% A LL PL Yt
Reference LI 3
(2-0.006 mm) (0.006-0.002 mm.) (<0.002 mm.) (%) (%) (%) (t/m’)
® Gulachol (1970) Weathered Clay 51.2-6.9 77.5-2.1 33.9-0.5 0.4 2.7-0.1
% Brand (1971) Weathered Clay 62.9-4.2 89.6-5.1 38.6-2.4 62.9-4.2
% Phuong (1973) Weathered Clay 50-90 80-100 30-45 0.60-1.00 2.6-2.7
g Tasneenart (1984) Weathered Clay 30-100 30-90 20-35 0.2-2.0 1.55-1.9
Moh et al. (1969) (AIT) 4.5-7.5 m. 1-3 40-45 50-60 0-110 0-110 35-45 0.8-1.10 2.6-2.7
Phuong (1973) (AIT) 4.5-9.0 m. 1-4 35-65 55-90 50-120 80-120 25-65 0.60-1.00 2.6-2.7
ﬂ‘i"muqmﬁ(wﬂ) 2-14 m. 61.1-11.5 63.5-12.8 1.17-0.58 2.6-0.4
TSAI (1982) (AIT) 85-70 79-95 30-34 0.91-0.76
E TSAI (1982) (Nong Ngoo Hao) 125-65 80-122 25-52 1.10-0.92
Lé TSAI (1982) (Pathumwan) 65-48 58-72 26-33 0.68-0.78
g TSAI (1982) (Pom Prachul) 62-82 75-110 26-40 0.67-0.88
d«:‘i Parentilla (1983) 26.1-7.6 49.9-9.7 22.5-3.9 0.15-0.30 2.0-0.18
A Tasneenart (1984) Soft Clay 40-90 40-90 20-40 0.2-2.0 1.5-1.75
159 (2529) 0-14.2 m. 60.3-9.3 63.6-6.8 28.2-2.6 1.65-0.07 2.6-0.03
fﬁwaﬁ(zszo) 57.63 62-68 28-30 0.8-1.0 1.6-1.7 2.6-2.7
’dﬁﬁuﬁ (2530) V1Y 68.2-7.9 66.9-10.4 37.9-8.4 1.58-0.06 2.7-0.05
91N (2542) 94.36 93.9 31.7 1.5 2.57

Mn: aym (2545)
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Total Unit Weight (tm®)
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N: Uagn (2545)

Depth (m.)

Undrained Shear Strength (t/m”>.)
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N: dagn (2545)
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M3 2 UAAIANNTURUTIL1I19A1 Elastic Modulus (E) #ta2f1 Undrained Shear Strength

(S,) VOIFUAUMIYIDU (Soft Clay Layer)

Formular Reference Remark
E =500S, Cox (1973) NNMINATOUNINTAAIVDIAU TUDUUTULYT
1 a 1 d‘ z a 1 d‘
1nnelag S, ANIINANRABVDITUALBRUNYA
E=1318, Parnploy (1985) AMINAADY C, -T, HIDENVBIDUUV -

119129

E,=125-300S,

NAVFAC.DM.71 (1982)

AUANTAVDIAUIHHIIDOUNTIUNW PI=40-
63% (Tonyagate,1978) lagiinmuauliavoIAL

OCR<3 (Obchittikul,1989)

E =100-500S, Duncan and AMANTAVDIAUIHHIIDDUNTINW PI=40-
Buchighani (1976) 63%, OCR<3 (Tonyagate,1978)
E =70-250S, Sueyn=Uncorrected Field Vane Shear Strength
Balasubramaniam and 4 2 e 9
E =42-162S, WD Sy, ~Field Vane Correction nsuun
Brenner (1987) 4
(Bejerum, 1972) 14D PI=85%
E =100-500S, Bowel (1996) M3 Normally Consolidated and Lightly
Overconsolidate Clay 1o PI1>30% Organic
E =80-256S, Das (1983)
E,=150S, Bergado et al. (1990) Bangkok Clay i@ PI>50% 91nN15ANYINS

ﬂ‘;ﬂﬁ’)"ll’é]\‘]t‘luuﬁWﬂ‘UNHW-‘UNﬂgﬂ\‘iiﬂﬂﬁfﬁ

fin 30 YATIBN 55 N

E,=250-5008,

Bjerrum (1964)

S =Undrained Shear Strength Unconfined

Compression Test or Vane Shear Test

fan: wavdail (2544)
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4 v o d 1 1 J
Gﬂi%ﬂﬁ 3 UAPNANNANNUTISHINA Elastic Modulus (E) 48A1 Undrained Shear Strength

(S,) voaFuAumiioIndiahunats (Medium Stiff Clay Layer)

Formular Reference Remark

E =300-600S, NAVFAC.DM.71 (1982) AU ANTIAYRIAUIKTEIBOUNTINN

PI=40-63% (Tonyagate,1978)

E =240-1200S, Duncan and Buchighani (1976)  AauAv03AUHLEI00UNTANN
PI=40-63% , OCR<3

(Tonyagate,1978)

Nan: wavdail (2544)

H o Y4 1 1 [
M5 4 LEAAIANUAUWUTITLHI9AN Elastic Modulus (E) #t82n1 Undrained Shear Strength

(S,) YoaFUAUHTIeA (Very Stiff Clay Layer)

Formular Reference Remark

E,=150-1250S,  Duncan and Buchighani (1976) AaN1iAv03AUHHI00UNTUNN

PI=40-63%

E =200-600S,  NAVFAC.DM.71 (1982) anauiavesauioigeundadauia

1N NNITNATDY PI=10-50%

E =1500-2000S, Bowel (1988) @M3U Heavily Overconsolidation Clay

Nan: wavAail (2544)
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4 v o d 1 J o v A a 1
ﬂ1§1\1ﬁ 5 UaAIANUANNUDITEHINA Poisson’s Ratio ’ﬁ'l’l’iﬁﬂﬂulﬁﬁﬂ?“]fuﬂﬁ%‘iﬂ

Soil Type Reference Poisson’s Ratio Remark
Very Soft Clay Das 0.20-0.40 -
Soft Clay Parnploy (1984) 0.30-0.39 Poyanuuueu-uzng
Poulos (1975) 0.35-0.45
Bowl 0.35-0.45
Medium Clay Bowl 0.30-0.35 -

Nan: wavaail (2544)
SHANSEP Theory

SHANSEP 93191 Stress History and Normalized Soil Engineering Properties NaUN
{ o [ a A, 3 A, {
Ta® Ladd and Foott (1974) Ne011iu MIT Usenaanigomsni 2503ue9 SHANSEP 11luash
1 o w <3 a 1 .
6],“]9)')1'?'lﬂ'lf‘lTﬁ\‘lﬂ’J']iJ!,!7"’11\1L!i\?‘l]’f)\iﬂ°L‘l!f1"i°ﬁlfl’ll Gluﬁmwwmmmmuw?@ Undrained Shear Strength
Iy Y o v A ~ ' Y dy an dy FY QsJ‘ a 1
(Su) uaﬂ%%ﬁmamumumaeu WﬁﬂﬂWiWMﬂTuGﬂ’f)\iTﬁﬂTﬁullﬂﬁ)"lﬂﬂTi@]\?ﬁ'iJiJ@ﬁ?Ll’J'l

1 o o a | [ [ [ v ' wa 1 y v
Mmasesaumilen (S) sziludadiudium  o'wseguauiaruil a1 S amsodeu

Tugilvesaunsasil
S _S(0CR)"
O vo

Tﬂﬂﬁ S, f1® Undrained Shear Strength (¢ =0)
o vo 10 Effective Overburden Pressure
S Ao Strength Ratio
0.C.R.f1® Overconsolidation Ratio

M A9 0.7-0.9 Ladd (1977)



M9 6 aUnaauIANIIAINTTNVOIAUMHINTANN

Su Sensitivity Su Sensitivity
Reference SPT e, C, C C, RR P
(Uo) (Uo) (Vane) (Vane)

A3 Ufg‘l’l‘ﬁ/ (1997) 2-14 m. 3.13-1.98 2.60-1.87 2.72-1.7 2.59-1.67 1.73-0.33 0.81-0.3 0.29-0.09

TSAI (1982) (AIT) 2.06-0.32 1.11-0.21 0.17-0.04 1.64-0.59 8.2-10.6
E TSAI (1982) (Nong Ngoo Hao) 2.99-0.51 1.42-0.49 0.2-0.07 1.47-0.5 3.5-11.8
Lé TSAI (1982) (Pathumwan) 1.68-0.38 0.78-0.2 0.14-0.07 1.86-0.44 10.1-15.3
g TSAI (1982) (Pom Prachul) 2.19-0.38  0.87-0.13  0.17-0.06 2.04-1.1 2.34-11.00
g Parentilla (1983) 0.21-0.14  0.16-0.18 63.0-0.6
% Tasneenart (1984) Soft Clay 0.03-0.011

155 (2529) 0-14.2 m. 2.85-1.22 7.8-5.75

ﬂc’j‘WQ‘}‘j (2530) Soft-Medium clay 2.4-34 2.4-4.9 1.1-1.6 0.5-0.6 0.05-0.14 0.02-0.06

Vongthieres (1996) 1.3-1.5
o Hengchaovanich (1969) 36 ft. 5-15 1.3
§ ASQYYNT (1977) 14-25 m. 15.69.15 030022 0.15-0.08
'%; Tasneenart (1984) 1" Stiff Clay
S Tasneenart (1984) 2" Stiff Clay
é M55 (2529) 6.93-2.4 23.4-6.7
s A3y (2530) Stiff-Very Stiff Clay ~ 10-12 23-25 0.74-0.84  0.74-0.84  0.03-0.08 0.03-0.04

Man: Uaym (2545)
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Normally Consolidated Clay 171 Overconsolidated Ratio InatAea 1 uagdia1 S Uszanas 0.25
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Y
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' ) [T { a 4
Sy comeat ® 0.260 5 dMTuAUMHBINTMNTBUNTG1/U
Sy comeet ® 0.500 p dvisuAUmHEIMTnNUNIN

Su,Correct
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Natural Water Content, (%)

Section Method N
Max Min Mean SD
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Undrained Shear Strength, (t/m)

Section Method N
Max Min Mean SD
1 Low Pressure 524 147.00  27.00 63.22 23.79
2 Low Pressure 463 168.00 31.00 76.74 27.19
2 Jet Grouting 226 209.00 31.00 87.58 44.55
2 Modified Dry Mixing 116 229.00 18.00 104.73  32.82
3 High Pressure 492 147.00 13.00 71.95 25.35
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Modulus of Elasticity, (t/m”)

Section Method N
Max Min Mean SD
1 Low Pressure 564 195755 2926 22979 14905
2 Low Pressure 463 78204 6094 26211 10860
2 Jet Grouting 226 75300 8571 30209 15312
2 Modified Dry Mixing 131 95666 10000 31401 12931
3 High Pressure 547 145100 2583 16194 14771
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Strain at Failure,(%)

Section Method N
Max Min Mean SD
1 Low Pressure 298 2.60 0.07 096 037
2 Low Pressure 417 2.00 030 0.83 0.30
2 Jet Grouting 226 1.60 030 0.62 0.20
2 Modified Dry Mixing 131 1.61 030 0.66 0.18
3 High Pressure 489 2.00 0.20 1.02  0.27
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