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Strength Development in Soil Cement Column and Soil Fly ash -
Cement Column in Soft BangkokClay Deposit

Chayanon Srijaroen1 Runglawan Rachan’
MahanakornUniversity of Technology, Nong Chok, Bangkok 10530, Thailand
and Suksun Horpibulsuk3
Suranaree University of Technology, Muang District, Nakhon Ratchasima 30000, Thailand

Abstract

This study investigated the effect of using fly ash (FA) to replace cement on the strength development
in deep mixing columns in soft Bangkok clay deposit. In total, 3 columns were installed and their strengths
were investigated. The first column was soil-cement column, made up at the water to cement ratio of 1,
while the second and third columns were soil-cement-FA column with 15 percent FA replacement,
made up at the water to binder ratios of 1 and 1.2, respectively. It was found that the unconfined
compressive strengths of soil-cement column were similar to those of the soil-cement-FA column at water to
binder ratio of 1 for all the tested curing times of 14, 28 and 60 days. The strength ratios of the soil-cement-FA
columns between water to binder ratios of 1 and 1.2 were 1.3, 1.24 and1.24 for14, 28 and60 days of curing,

respectively. The 15 percent FA replacement can save cement cost up to12.75 percent.
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Unconfined Compressive Strength (kPa)
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wrw | o | ewid | A m']'uﬁu ANBUY i maeda ;Eii: ;chij: Lo G © qupq X100
&0 | UwD | Eudu | Bwud | L e . :ﬂa\? dhwin sy Tos Tas % %
s | G | owees) | cee | | I ey | Blqu [7]qu dioy | fley
w,/C W,(%) (kPa) P P . .
(kPa) kPa) | fu3 | fu[7]
1 14 80 20 4.0 88.22 13.989 589.50 645.28 646.69 9.46 9.70
28 80 20 4.0 84.53 13.881 829.54 #1989 #198y 1.83 257
60 80 20 4.0 81.25 14.695 998.88 1000.21 985.92 0.13 1.30
2 14 80 20 4.0 96.54 13.999 584.64 645.28 646.69 10.37 10.61
28 80 20 4.0 94.61 13.479 838.30 814.33 808.26 2.86 3.58
60 80 20 4.0 90.67 13.940 1011.0 1000.21 985.92 1.07 2.48
3 14 80 20 4.0 88.54 13.312 595.92 645.28 646.69 8.28 8.52
28 80 20 4.0 87.40 13.646 860.06 814.33 808.26 5.32 6.02
60 80 20 4.0 86.79 13.930 999.76 1000.21 985.92 0.04 1.38
4 14 80 20 4.0 81.90 13.263 578.81 645.28 646.69 11.48 11.73
28 80 20 4.0 78.93 13.489 861.24 814.33 808.26 5.45 6.15
60 80 20 4.0 77.78 13.881 1010.70 1000.21 985.92 1.04 2.45
5 14 80 20 4.0 89.67 13.244 593.02 645.28 646.69 8.81 9.05
28 80 20 4.0 89.48 13.538 828.00 814.33 808.26 1.65 2.38
60 80 20 4.0 84.67 14.264 1012.50 1000.21 985.92 1.21 2.63
6 14 80 20 4.0 87.79 13.391 611.99 645.28 646.69 5.44 5.67
28 80 20 4.0 85.67 13.812 846.81 814.33 808.26 3.84 455
60 80 20 4.0 83.43 14.460 1043.69 1000.21 985.92 417 5.54
7 14 80 20 4.0 92.19 13.616 626.18 645.28 646.69 3.05 3.27
28 80 20 4.0 91.92 13.920 864.67 814.33 808.26 5.82 6.52
60 80 20 4.0 85.45 14.509 1031.61 1000.21 985.92 3.04 443
8 14 80 20 4.0 91.09 13.832 648.53 645.28 646.69 0.50 0.28
28 80 20 4.0 89.41 14185 881.65 814.33 808.26 7.64 8.32
60 80 20 4.0 86.32 14.421 1045.90 1000.21 985.92 4.37 5.73
9 14 80 20 4.0 82.45 13.930 656.52 645.28 646.69 1.71 1.50
28 80 20 4.0 77.66 14.097 848.48 814.33 808.26 4.02 4.74
60 80 20 4.0 76.56 14.529 1037.70 1000.21 985.92 3.61 499
10 14 80 20 4.0 89.80 14107 632.01 645.28 646.69 210 2.32
28 80 20 4.0 86.77 14.313 869.42 814.33 808.26 6.34 7.03
60 80 20 4.0 81.78 14.538 1049.45 1000.21 985.92 4.69 6.05
Mean Absolute Percent Error, MAPE (MAPE = 172 % x100) 431% | 5.05%
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Somaz 15
e e , | ede |
Usmautagiildse 1 m , dudu | 9w
PR NI NAUT U (um) (wm)
(wm)
1. naclldyudiand
YuFuud 200 kg 20 400 400
2. naelldyuBundnas
inane
YuBiuud 170 kg 2.0 340 349
Linane 30 kg 03 9
Foruanldanefisansolsendald = 400 - 349 = 51 um
fo 1 m® veaddnAudinug
Aauflu = (51/400) x 100 = 12.75%
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saldnane 8515 M W/B = 1, w/B = 40 wifiu)

2 i ndnfudud-iassiisasdnnidesu
WENWINAY 1 (W/B = 1) ﬁ@hﬁwé’aﬁmgoninmlﬁuﬁu
S iany fdndiutsesiunanwinty 1.2
(W/B = 12) winiu 1.3, 1.24 uaz 124 i 17‘imq
U 14, 28 Uay 60 U ANAGU ﬁé’mwdauwauiﬁq
iy

3. haswiivszandanlunsunuiyudimudlu
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cay
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Aldieuduudlateiosas 1275

6. NAANTINLTENA
{idsurereuguuiiniiudulne Siie wazusim

Tnfend srin fildnsatuayuuaztBmaniieg

iw3nednsguUnsal uarvezRUAmETNILND Y

aluayun3de anelidgn RTA568002

7. 1NN

1. Horpibulsuk, S., Miura, N. and Bergado D.T.,
2004b,
Admixed Clay at High Water Content”, J Geoenviron
Eng, ASCE, Vol. 130, No. 10, pp. 1096-1105.

2. Rachan, R, 2009, Strength Development and

“Undrained Shear Behavior of Cement

Microstructural Characteristics of Soft Bangkok
Clay Admixed with Cement and Biomass Ash,
Doctoral Thesis, Department of Civil Engineering,
Faculty of Engineering, Thammasat University,
Bangkok. (In Thai)

3. Horpibulsuk, S., Rachan, R. and Raksachon,
Y., 2009, “Role of Fly Ash on Strength and
Microstructure Development in Blended Cement
Stabilized Silty Clay”, Soil and Foundations, Vol.
49, No. 1, pp. 85-98.

4. Rachan, R. and Vichan, S. 2013, "Uncon-
fined Compressive Strength Development and
Microstructure of Calcium Carbide Residue and
Biomass Ash Admixed in Compacted Soft Bang-
kok Clay", KMUTT Research and Development
Journal, Vol. 36, No. 1, pp. 51-71. (In Thai)

5. Horpibulsuk, S., Rachan, R., Suddeepong,
A. and Chinkulkijniwat, A., 2011, “Strength Develop-
ment in Cement Admixed Bangkok Clay: Laboratory
and Field Investigations”, Soils and Foundations,
Vol. 51, No. 2, pp. 239-251.

6. Vichan, S., Rachan, R. and Horpibulsuk, S.,

2013, “Strength and Microstructure Development



164 NIETITBURLWAIUY 95, TN 87 aifufl 2 wweu - fguieu 2557

in Bangkok Clay Stabilized with Calcium Carbide 2003, “Assessment of Strength Development in

Residue and Biomass Ash”, Science Asia, Vol. 39, Cement-Admixed High Water Content Clays with

pp. 186-193. Abraham’s Law as a Basis” Geotechnique, Vol.
7. Horpibulsuk, S., Miura, N. and Nagaraj, T.S,, 53, No. 4, pp. 439-444.



