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Mountain Soil Stabilization for Road Construction
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Abstract This research was aimed to improve mountain soil with ceramic and type 1 Portland
cement. The experiment was carried out with 10 formulas of the mixtures. The results were
found that the formula 1, soil: ceramic ratio (S: C), with percentages of ceramic of 0, 5, 10,
15 and 20% yields the maximum dry density close to that of the original mountain soil. The
average dry density ranges from 0.930-0.948 g/cm®. The optimum water contents are close to
that of the original mountain soil averaging from 8.80-10.10%. The CBR values decrease with
the amount of ceramic added to the mixtures. The formula 2, soil: ceramic: cement (S: C: C),
with percentages of ceramic of 0, 5, 10, 15 and 20% yields the maximum dry density close to
that of the original mountain soil. The average dry density ranges from 0.906-0.999 g/cm?.
The optimum water contents are close to that of the original mountain soil averaging from
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9.20-9.45%. The CBR value decreases with the amount of ceramic and the Portland cement
added to the mixtures. This can be an important guideline to try in the actual road construction.

Keywords: Soil Stabilization, Mountain Soil, Ceramic, Road Construction
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soil: ceramic

1. soil:

ceramic ratio by weight (S: C) = 100: 00

2. soil:

ceramic ratio by weight (S: C) = 95: 05

3. soil:

ceramic ratio by weight (S: C) =90: 10

4. soil:

ceramic ratio by weight (S: C) = 85: 15

5. soil:

ceramic ratio by weight (S: C) = 80: 20

soil : ceramic: cement

1.  soil:

ceramic: cement ratio by weight (S: C: C) = 100: 00: 00

2. soil:

ceramic: cement ratio by weight (S: C: C) = 90: 05: 05

3. soil:

ceramic: cement ratio by weight (S: C: C) = 80: 10: 10

4.  soil:

ceramic: cement ratio by weight (S: C: C) =70: 15: 15

5. soil:

ceramic: cement ratio by weight (S: C: C) = 60: 20: 20
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uaazrimield1dmanununtuuiegaga
(maximum dry unit weight)
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WIATgIUTEALYN ATt 4 Ifnamanagouily 2
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AN ANVDIGAT soil: ceramic (S: C) #9317 5
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waz 20 Tassdiniin wan1snageunui1 A1aa1w
iuuiagegave AU AN 0.939 gom’
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modified compaction test

maximum dry optimum
unit weight moisture
soil: ceramic 5
(g/cm’) content
(%)
1. soil: ceramic ratio by weight (S: C) = 100: 00 0.939 7.80
2. soil: ceramic ratio by weight (S: C) = 95: 05 0.948 10.00
3. soil: ceramic ratio by weight (S: C) =90: 10 0.935 10.00
4.  soil: ceramic ratio by weight (S: C) =85: 15 0.930 8.80
5. soil: ceramic ratio by weight (S: C) = 80: 20 0.932 10.10
modified compaction test (s : c)
12
10 10 10.1
10 E -
7.8
8
6
4
2 0.53% 0.948 0.535 0.93 0.93Z2
o — || [ | [ | N
1. soil :
. . soil : 3. soil: 4. soil : 5. soil :
ceramic ratio . i . i i i . .
. ceramic ratio ceramic ratio ceramic ratio ceramic ratio
by weight ) . . .
(5:0) = 100 : by weight by weight by weight by weight
’ 0_0 © (50 =95:05 (5:0) =90: 10 (5:0) = 85: 15 (5:C) = 80 : 20
I maximum dry unit weight (g/cm#3) 0.939 0.948 0.935 0.93 0.932
optimum moisture content (%) 7.8 10 10 8.8 10.1

A ' ' v 3 a . .
ETJTI 5 ﬂs11/hmmmmmwumummdgdqcﬂ uazﬂ?mmummmmmmqm soil: ceramic (S: C)
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Tudaud 2 vesgasmsnaaey deldhau  senuuy nanisnadeunnsed 3 waznsluaas
- - . . a3
pulSuldjsquawandienseaussiiauaz manunuwiueiegega vazdsuanihivnzay

a 4 { o v { @ {
Yudwudesauaud Usziani 1 mudasidIuil - ¥IgaAs soil: ceramic: cement (S: C: C) Asg1i 6

9199 3 ToyaNIINATEUNMIUASAAULDLFINIINIATFIU GAT soil: ceramic: cement (S: C: C)

modified compaction test
maximum dry optimum
unit weight moisture
soil: ceramic: cement R
(g/em’) content
(%)
1. soil: ceramic: cement ratio by weight (S: C: C) = 100: 00: 00 0.939 7.80
2. soil: ceramic: cement ratio by weight (S: C: C) =90: 05: 05 0.906 9.40
3. soil: ceramic: cement ratio by weight (S: C: C) = 80: 10: 10 0.941 9.20
4. soil: ceramic: cement ratio by weight (S: C: C) =70: 15: 15 0.999 9.25
5. soil: ceramic: cement ratio by weight (S: C: C) = 60: 20: 20 0.975 9.45
modified compaction test (s : ¢ : c)
12
10 9.4 92 9.25 9.45
7.8
8
6
4
2 [UAE 0.906 (ALY Uy UF7o
o — N [ || [ | [ .
1. soil : 2, soil : 3 soil : 4, soil : 5. soil :
ceramic : ceramic : ceramic : ceramic : ceramic :
cement ratio by cement ratio by cement ratio by cement ratio by cement ratio by
weight (5:C:C) = weight (5:C:C) = weight (5:C:C) = weight (S:C:C) = weight (S:C:C) =
100 : 00 : 00 90: 05 : 05 80:10: 10 70:15:15 60:20: 20
B maximum dry unit weight (g/cm~3) 0.939 0.906 0.941 0.999 0.975
optimum moisture content (%) 7.8 2.4 9.2 9.25 9.45

A ' ' L . .
3‘]_]1’] 6 ﬂ51Wuaﬂqmmmwumuuuﬁ’quﬂ uaziﬁsmmummmzﬁmmqm soil: ceramic: cement (S: C: C)
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= A o a Y o ' ' 2
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a a s 2 ¢ 4 X 9

w3l wazuswudlesauaud dsziann 1 yuios
¥ 1

az 0, 5, 10, 15 1ag 20 Tagrmiin wamsnageuny I

SO
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Y
a a K

o P ' § 3 v
Yuzwudllesauaud Uszann 1 Iaunvvwaniios

uaz IndifeanuanNuMuLiuLRIgIgaveAugan
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S 4 o
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%‘ A A a Y a0 1w Y
WU gAY IAUYPNIAUIVVTAUMAY Tou
A A a a =~ 4
ag 7.80 uazileriuyIuianysia uazyudiuua
s ¢ a a 4 o
YoSauaua Usziani 1 Tuauguiediuilgagunin
34 4.
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2 a0y v w o
9.45 mmﬂmmﬂmmumnuﬂ

322 awnavestieonuIatsTy (California bearing
ratio, CBR)
a = 2 I3
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@ 1 a o I as ) @
f0d19AULASA TUITIAIFIUAIHTUNToDNULY
Nuasadeauiviiy tazouy lageuiRsaiuai
% o ' v a
standard unit load T UAIMIATTINIINAMITUABATIU
v . A& 4 9 o Ly o
AQNILAINA piston NHUNUUIAA 3 1131917 AIYDAT
2 ~ PR P, o '
0.05 1119 nag Al esibua CBR & AMuaNs
v Y v
NFAAINIATFIU N 0.1 U2 1az0.2 Ul 1ag1nNII
- ooy
NagoU CBR ¥93AU LU (!,!‘]J‘]Jllml,%uLunsoaked
sample) NUUININATDUAINGATVDINIUITY 1Ay
] I o A . .
wuuiu 2 gaIvianfe gaT soil: ceramic (S: C) 1Ay

97 soil: ceramic: cement (S: C: C) Tdwanisnadoy

$19 soil: ceramic (S: C) ﬁﬂgﬂi

en)

Hﬂﬁg,]}uu‘]J‘]JWﬁJJL“HiWﬁﬂ!ﬁﬂ

o

AOATITIUAE LagLiNLy5 1A

=
)
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o)

USuilyanumnau
¥ 2 o o =
§o0a2 0, 5, 10, 15 1Az 20 TAg11viin AIM15199 4 WA
N13NATBUNYIT A1 CBR ¥0IAUYIAULUD HA
whnudesay 55.72 (% CBR @ 0.17) Lagiovay 53.83
(% CBR @ 0.27) ananudull1dnszansaldau
' y 3 d vy
plumsneadiesunisuieiulalasass uados
A v oy A g ' o
wnsanfitemuduale 15U M3V tazannivl
f1 CBR voauglfuljagunmaieasiin nuan
o ' 1A o a a4 9
finanasednaoiiiosnulsnave s ida i
T ludruwan vaziilelasrfiad I ludunaui
Y v Y A~ y
§ooaz 20 danaliin CBR anauvaniiiesiooas 16.86
(% CBR @ 0.1”) 1az300a2 19.56 (% CBR @ 0.2”) §14

nsl 31l 7

{9 ' . .
M31971 4 YoyaranIINATOVA1 CBR gA3 soil: ceramic (S: C)

S: C S: C S: C S: C S: C
CBR/S: C
100: 00 95: 05 90: 10 85: 15 80: 20
% CBR @ 0.1~ 55.72% 24.93% 37.34% 18.09% 16.86%
% CBR @ 0.2” 53.83% 25.63% 37.59% 21.97% 19.56%
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60.00%
55.72% . . . .
’ California bearing ratio, CBR test (s : ©)
53.83%
50.00%
40.00% 37.59%
P 37.34%
30.00% N\, 25.63%
21.97%
19.56%
20.00% 24.93%
16.86%
18.09%
10.00%
0.00%
5:C=100:00 S:C=95:05 S:C=90:10 S:C=85:15 S:C=80:20
—% CBR 0.1 55.72% 24.93% 37.34% 18.09% 16.86%
% CBR 0.2 53.83% 25.63% 37.59% 21.97% 19.56%

31U 7 n31luaasal CBR ga3 soil: ceramic (S: C)

a

ga3yaN2 gas soil: ceramic: cement (S: C:  1az91nn3 A1 CBR vosauglsuljagunindae

= o ' Yo a Y a a ~ s o s ~ A

0 FegasawnanIdihaugaduuoy waussila  wsin vazuduudlesauaud dszani 1wy i
a IS ¢ a 4 o ' A X VoA 2 a

naziudwualosauaud Usziand 1edSuilye A1 CBRnIued1doiiosnuilSuave s in

AUMNAY Modasidiud1en Taomesida uaz  uazyuFwudlosauaud Uszianii 1 Al lu

a A s a ' 4 ! a = A4 4

Yududesauaud Usziani 1 3ooaz 0,5,10,15  druwaw uazileldsilianazfudiuudloiauaud
H v o A ' A ) ' Ay ' PR

uaz 20 Tagviin dams1ein s wamsnageunun  Uszani 1idh il ludrunaundesas 20 dawaldean
A1 CBR voauudunu inuninuiesas 55.72  CBR gudefesas 557.14 (% CBR @ 0.1”) uazieuvaz

(% CBR @0.1") uaziooas 53.83 (% CBR@02”)  559.60 (% CBR @ 0.2”) aans 1wl 317 8

M13199 5 %’agawamimaaum CBR g#7 soil: ceramic: cement (S: C: C)

S:C:C S:C: C S:C:C S:C:C S:C:C
CBR/S:C: C

100: 0: 0 90:5:5 80: 10: 10 70: 15: 15 60: 20: 20
% CBR @ 0.1” 55.72% 265.86% 324.20% 433.45% 557.14%
% CBR @ 0.2” 53.83% 261.32% 324.67% 436.31% 559.60%
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600.00%

California bearing ratio, CBR test (s : ¢ : c)

500.00%

400.00%

0,
300.00% -

26132%
200.00%

100.00%

55.72% /

53.83%

0.00%

$5:C:C=100:00:00 S:C:C=90:05:05

=% CBR 0.1 55.72% 265.86%

% CBRO.2 53.83% 261.32%

324.67%

5:C

:C=80:10:10
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559.60%
# 557.14%

436.31%

7 435.45%
5

=

_~520.20%

§:C:C=70:15:15 5:C:C=60:20:20

324.20% 433.45% 557.14%

324.67% 436.31% 559.60%

gﬂﬁ 8 n5luaneA CBR A7 soil: ceramic: cement (S: C: C)

4. a3ilwa
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MENIMUAZNIIAINTTN INToYaRanITNAdo
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AASHTO finsumisnargldiiunasgulumssumn
au [9] wuduiludungy A-1-a (0) TaofiA1 % passing
No.10 (2.00 mm) Lﬁwﬁugaaaz 40.36 A% passing No.40
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(0.075 mm) 11 uYeuay 848 uaziioiiiui 'l
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@ @ a 3|
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& A
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v g a a a
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= wa ' Y <3|
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a o J A2 A
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= = ° Y o @ ¥ X
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a 9
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Auamaugul Taomsnaumssidauazuduud
Yosauaud Uszianil 1 iledudyeqanndu 18
MInadeuANANTANIIAINT UV AUV Liie
Any1AIAU U UNTIggA (maximum dry unit
weight) ﬁwﬂ?umﬁw‘ﬁ'mmzau (optimum moisture
content) tazAIAMUAINIAMIShWTnveadI08 1
AUVADA (California bearing ratio, CBR) NUN ﬁugm
AuuuuiaInuMu iU gIga 1910 0.939
glem’ nazAnfFmah s aufigamiy Jovaz
7.80 wazA1 CBR M1nufesay 55.72 (% CBR @ 0.17)
nav¥ouaz 53.83 (% CBR @ 0.2”)
onaasine19ReINLgATNITNARDY
1gA3 soil: ceramic (S: C) A1AIUHUIUUUAS

A

ual

@

Y v ' Y a
IGGIGER! UATANVRULUUUVIGIFAUDIAUYLU

A

AuuuD AoliA10g5211319 0.930-0.948 g/em’  dIUAT

3 A

Suanirimunzay wunialndiRsssuailsna

3 A a v o ~
UIMANICTUVOIAUYLVIA UMV VLT UNY Tasiian

521195080z 8.80 - 10.10 A1 CBR AW A1
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WU Annunuiuuigegaiin Indifesiuan
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Tiiudinsdfudsequainduguuilasnisnay
wsiin nagudmudlesanaud Uszani 1 1418
D . C e 3
dawanemANuHIuiIgeganazafsinanii
munzanvesauguumlaiin uadinen1nNuaINgD
¥ L] a @ U v
M35UIMITNYeIRI0d1ANLAGA (CBR) 8619110 &4
A 1 Y ad o g Ia A ] o
deniudeanldauiinnuudwss uazamnsasy
Y Y '
min 8wty muniasgIunsun1eEaie A1 CBR
9 Yy v Yy 1
VBIFUTBINUN A FUNUNIIATA CBR ganI

o a

v a3 J A~ wva a =
80% i]ﬂl‘ﬂ‘L!ﬂij]ll’Jﬁﬂﬂuﬂilﬂﬂ!ﬁilﬂﬂﬂ']ﬁ?ﬁ?ﬂiiilﬂ

a a

9

A ] o a o Y a o
won uansii lyaussesuiudeanonsuiiade
v A v o a
Mudulszneualy nazannamsliulginuninay
Y [ a a o o
QuIdIeMsHauIdgqrsia nazudiuualese
s ~ ' < o o A A v
waua Ysznni 1 uezidunuinedidynaisaon s
mnnmMsliuilyqauamwauginaduiagysiina
= [ = A 9 o Y g o
Wged1ufed e ldlunsnaasaiunlfiuiag

Apaeaunluauasaae i

a A

5. daAnssulszma
YoUoURUAIVIAINTIN ToT WAz UTHITNUADAS e
auzma Ty ladgad NIy WNINedessagee 0

£ & A ao
mamlaﬁﬂmwiumsmaawmnﬂ

6. 19NA15913999

[1] S. Inthapichai and P. Voottipruex, Soil Mechanics,
Siam Sport Syndicate, 2004. (in Thai)

[2] P.L. Capper and W.F. Cassie, The Mechanics of

Engineering Soil, E.& F.N. Spon, 1969.



UNANNIREY

(3]

(4]
(5]

(6]

(7]

(8]

B.M. Das, Advanced Soil Mechanics, McGraw-Hill,
1983.

T.H. Wu, Soil Mechanics, Allyn and Bacon, 1976.
MTEC A Member Of NSTDA, The situation of
ceramics in Thailand, 2013. (in Thai)

N. K. Ameta, A. S. Wayal, and P. Hiranandani,
“Stabilization of Dune Sand with Ceramic Tile Waste
as Admixture,” American Journal of Engineering
Research (AJER), vol. 02, Issue. 09, pp. 133-139,
2013.

Department of Rural Road, (2022, sep. 26).
“Pavement Material Standards” [Online]. Available:
http://research.drr.go.th/node/500?1349288890=1.
(in Thai)

S. Koowichicharu, Soil Laboratory Testing, Library

Nine, 1998. (in Thai)

56

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.7 , January -June 2023

[9] T. W. Lambe, and R. V. Whitman, Soil Testing for

Engineering, John Wiley & Sons, 1951.

[10] C. Aphinanthitaya, “Soil Stabilized with Ceramics

and Geopolymers,” Student’s Project, Dep. Civil

Eng. and Edu., KMUTNB., 2015. (in Thai)

UszIadalseiius

9 v d a a = I
Asziius: wa. Aadns Ayauun
msany: A.0.1. Arnssules),
n.0.%. (151

FoIHNMINY: 8191370553 Tos

a ' Y
HazUIHITNIUNBAI 1N Al
imaluladgaainnssy

UNIMAEIFAG LAY



