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Abstract

In many developing countries, crushed rock is employed as a base course material for
road pavement. Since crushed rock is required in large quantities, its shortages coupled with fuel
price hike are having the effect of pushing up highway construction cost. In addition, the
production of crushed rock involves drilling, blasting, crushing and road haulage, all of which
create dust which is detrimental to the environment. Although lateritic soil is obtainable in many
areas, it is too brittle and thus not suitable as road base course material. This research presents the
idea of adding cement to stabilize the lateritic aggregateto repair flood damaged roads. It
compares the strength characteristics of cement-enhanced lateritic soil against those of crushed
rock.

This case study, conducted in Songkhla province in southern Thailand, was to investigate
the increases in compressive strength of the material samples after they have been mixed with
portland cement type lat a mix proportion of 3%, 5%, 7% and 9% by dry soil weight. From test
results, compression strength of laterite soil specimens improved at 5% cement provided the best
basement soil in quality. It provided the standard unconfined compressive strength according to

that defined by The Department of Highway of Thailand.

Keywords: Lateritic soil, Crushed rock, Soil improvement, Repair flood damaged roads
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2. 1MINAReUNITUASALYUFINIINIATFIU AI1MI§Iv03T7q TAsTT Unconfined
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a o = g v dy 9 a a v o 3
augniwazriuagnilsluwamsnadeull Tduaaslilumsiei 4.1 dugnSesailu
a @ o3 a
AU SCAIYILUY Unified Soil Classification System ag Il UAY A-2-7 AUTLUY AASHTO ¥
Y 3 a < = v o o g v o v a v 3 .
anvuziiluaunse dinazdea Judnuiludeu diusuruaansadlu GC MUsLUY Unified

. . o a =) I =
Soil Classification System LazdAILUAN A-2-40 158 UY AASHTO Tanwazilunsialuau

milen
M3af 4.1 wansnaaoUAUTI06
MINAaoL Augn3a fiungn
Liquid limit (L.L.) 50% 20.1%
Plastic limit (P.L.) 34.2% 13.2%
PI 15.8% 6.9%
Water content 26.72% 16.3%
Unit weight (ton/m") 2.076 2.170
Specific Gravity 2.69 2.8
AASHTO Classification A-2-7 A-2-4
Unified Classification SC GC

91AA15199 4.1 WU A1 Unit Weight 1aza1 Specific Gravity ¥097uagalianIny
2.170 to/m’ 1A 2.8 FIGINTIAUGNTI FIA NN 2.076 ton/m’ UAE 2.69 AWEIAY LALIIN
MINAADY Liquid limit 148 Plastic limit 1150AUgnSIAAT LL.  50%, P.L.  34.2% uay

Pl 15.8% dmsurungnlamL.L.  20.1% P.L. 132%uaz Pl 6.9%
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M13199 4.2 A1 OMC Uaz MDD YBIAUQNT MHo|ubanmilos auaua

OMC (%)

nuee): CC  Cement Content
OMC Optimum Moisture Content

MDD Maximum Dry Density

16.10

16.00

16.00

16.28

16.51

MDD (g/cc)
1.82
1.81
1.81
1.82

1.81

0.01
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4.2 HAMINATBUMMAIDTAVBIAUGNT

Test

W (kg)
1.88
1.84
1.78
1.91
1.86
1.84
1.84
1.92
1.90
1.92
1.92
1.95
1.83
1.79
1.82
1.97
1.92
1.78
1.94
1.94
1.90
1.87
1.87
1.85

1.79

M1519N 4.3 MInadgeUMMSIdaveIAUAgD

Diameter (cm)

11.23

11.22

11.22

11.23

11.23

11.22

11.23

11.23

11.20

11.22

11.20

11.22

11.23

11.20

11.22

11.22

11.20

11.22

11.20

11.20

11.22

11.20

11.20

11.22

11.20

11.23

11.23

11.23

11.23

11.23

11.23

11.22

11.23

11.20

11.22

11.20

11.22

11.23

11.20

11.22

11.23

11.20

11.22

11.20

11.20

11.22

11.20

11.20

11.22

11.20

11.23

11.23

11.22

11.23

11.23

11.22

11.23

11.23

11.19

11.23

11.21

11.23

11.23

11.19

11.23

11.23

11.19

11.23

11.20

11.19

11.22

11.20

11.20

11.22

11.20

H (cm)
11.72
11.71
11.72
11.73
11.71
11.72
11.72
11.71
11.72
11.73
11.70
11.73
11.71
11.72
11.73
11.72
11.70
11.73
11.70
11.71
11.72
11.70
11.71
11.72

11.70

A (cmz)
99.05

98.99
98.93
99.05
99.05
98.93
98.99
99.05
98.46
98.93
98.58
98.93
99.05
98.46
98.93
98.99
98.46
98.93
98.52
98.46
98.87
98.52
98.52
98.87

98.52

Load (kg)

1518.86
1610.60
1549.44
1824.67
2110.09
1926.61
3190.62
2517.84
1773.70
2222.22
2303.77
2548.42
3547.40
3261.98
3639.14

3985.73

UCS (kse)

15.35
16.34
15.66
18.42
21.43
19.47
32.23
25.57
17.93
22.56
23.40
25.77
36.01
3.1
36.81

40.46
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Test

ELTE

W (kg)
1.78
1.76
2.03
1.95
1.98
1.87

1.90

1.95
1.96
2.03
1.97
1.99
1.82
1.93
1.93
1.97
1.92

1.96

CcC

UCS

d' L
319N 4.3 (919)

Diameter (¢cm)

11.20

11.22

11.23

11.23

11.22

11.23

11.23

11.22

11.23

11.23

11.22

11.23

11.23

11.22

11.23

11.23

11.22

11.23

11.23

11.22

o
ﬂ?mmﬂ,u%wuﬂ (the cement content)

11.20

11.22

11.23

11.23

11.23

11.22

11.23

11.23

11.24

11.23

11.23

11.23

11.23

11.23

11.24

11.23

11.23

11.23

11.23

11.23

11.20

11.22

11.23

11.23

11.12

11.23

11.23

11.22

11.23

11.23

11.22

11.23

11.23

11.22

11.23

11.23

11.23

11.23

11.23

11.23

H (cm)
11.71
11.72
11.71
11.71
11.72
11.71
11.71
11.72
11.71
11.71
11.72
11.71
11.71
11.72
11.71
11.71
11.72
11.71
11.71

11.72

A (cmz)
98.52
98.87
99.05
99.05
98.34
98.99
99.05
98.93
99.11
99.05
98.93
99.05
99.05
98.93
99.11
99.05
98.99
99.05
99.05

98.99

52UV (the curing time)

AU (Height)

18

Load (kg)
4638.12

4118.25
6116.21
5779.82
3659.53
6544.34
5331.29
6095.82
6687.05
6126.40
6901.12
5351.68
4362.90
6299.69
7777.78
6890.93
7370.03
7522.94
7706.42

8124.36

399 (Unconfined Compressive Strength)

UCS (ksc)
47.08
41.65
61.75
58.35
37.21
66.11
53.82
61.62
67.47
61.85
69.76
54.03
44.05
63.68
78.48
69.57
74.45
75.95
77.80

82.07
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madi 4.4 mMsnaroummdavesdugnilaumnis
Test W (kg) Diameter (¢m) H(m) A (cmz) Load (kg) UCS (ksc)
183 1122 1123 1123 1172 98.99
1.87 1123 1123 1123 1172 99.01

1.88 1122 11.22 1122 11.72 98.83

193 1121 1121 1122 1172 98381 1559.63 15.78
181 1122 1122 1122 11.72 988l 1953.79 19.78
1.89 1121 1122 1122 1172 98.79 2494.05 25.24
192 1121 1121 1120 1171  98.62 2358.14 2391
1.86 1121 1121 1121 1171  98.64 3482.84 35.31
177 1121 1121 1121 1171 98.64 424737 43.06
199 1123 1123 1119 1171 98.81 5185.19 52.44
1.87 1123 1123 1123 1171  98.99 5990.49 60.52
194 1123 1123 1123 1171 99.03 6571.53 66.36
200 1123 1123 1123 1171 99.01 5338.09 53.92
1.89 1123 1123 1123 1171 99.05 7346.25 74.17
195 1123 1123 1123 1171 99.03 6731.23 78.61
HINBHe): cC Y3119} uBI A (the cement content)
T 5292138711 (the curing time)
H AU FI (Height)
UCsS f1a98@ (Unconfined Compressive Strength)

1NA15199 4.3 uaz 4.4 lWethaugnSuwhnsnaasumaiidsvesiag1aeds

4 ' Q o @ 1 ' Q ol Y g Qo )
Unconfined Compression TestLﬁ’eJﬁimﬂ”lmaﬂ (UCS) HUM AMNAI8RAYUALTZILIAINITUY
2 =) d A o v w A VoA @ = g v v =1
uaglSnadua Tagnamdigaiiszoznainisiud 28 FunazdSuaduuaving 9% 3

J VoW > 3 1 = = [ =" J o @ w
Agegaiiy 78.61 kseauaasIiifiun BSumvesjududina lasasseiidisaves

v Y v @

a [ A a Jd 3 I A o Yo a v A X
AUGNI maw’dmuaﬂsdﬂwﬂ?uwmnﬂasmuwmmmwﬂﬁ TOIBAUBIAUGN T UWN FIVU

Y

4 o a @ = Q/ ¥ g

1 1 3 4 ° a @ !
LagAIZEE AT UNNNNAABMIdIeAYRIAUgnT NSy TagrauAugnSsdmudn

g Q 4 o g o Q' g o L
nmummu%wﬂﬁ’mmammgﬂmwmummmu
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4 ) ' o v W a d o [ ¥ .&'
MuAnIasgIunsunnasismualdmiddavesdudmuddmiuausunu

: ] o ] ] [} ] ~ P 9/
Mo 7 Fuszdesiin ludesn 21.50 kse wud Wuadwudiminzaudo 5% 14

o

MAWAIINY 23.91 kse UMMdIdaganNmnnsumamalsmvualine 21.50 ks

4.3 HAMINATOUAIMAIDAVOIAUAGN

M 45 MINATOUMMAIDAVDINUAYN
Test W (kg) Diameter (cm) H{(m) A (cmz) Load (kg) UCS (kse)
230 1123 1124 1123 1169  99.11
219 1123 1123 1123 1171 99.05
227 1122 1123 1123 1172 98.99
229 1123 1123 1123 1171 99.05
235 1123 1123 1123 1171 99.05
247 1122 1123 1123 1172 9899
222 1123 1123 1123 1172 99.05
231 1123 1123 1123 1171 99.05
220 1122 1123 1123 1172 98.99

233 11.22 11.22 11.23 11.73 98.93 2568.81 25.97
235 11.20 1120 11.19 11.70 98.46 2528.03 25.68
2.36 11.22 11.22 1123 11.73 98.93 2293.58 23.18
2.26 11.23 1123 1123 11.73 99.05 3404.69 34.37
235 11.20 11.20 11.19  11.70 98.46 2782.87 28.26
2.29 11.22 1122 1123 11.73 98.93 2884.81 29.16
2.28 11.23 1123 11.23 11.71 99.05 3527.01 35.61
231 11.20 11.20 11.19 11.70 98.46 3200.82 32.51
2.34 1122 1122 1123 11.73 98.93 3690.11 37.30
2.14 11.20  11.20 11.20  11.70 98.52 5290.52 53.70
2.36 11.20 1120 1120 11.71 98.52 5107.03 51.84
2.33 1122 1122 1122 11.72 98.87 5932.72 60.00

2.28 11.20 11.20 11.20 11.70 98.52 6075.43 61.67



Test CC

HINET:

W (kg)
237
230
2.36
231
2.34
2.39
231
232
231
237
233
2.36
2.32
236
235
232
2.36
2.34
2.36
233
233
2.34
231

CC
T

H
UCS

‘:‘ Ll
M1319N 4.5 (91D)

Diameter (cm)

11.20
11.22
11.20
11.20
11.22
11.23
11.23
11.22
11.23
11.23
11.22
11.23
11.23
11.22
11.23
11.23
11.22
11.22
11.23
11.22
11.23
11.23
11.22

4
1J'§mmﬂ,uc'§muﬂ (the cement content)

SLULIINTUW (the curing time)

11.20
11.22
11.20
11.20
11.22
11.23
11.23
11.23
11.24
11.23
11.23
11.23
11.23
11.23
11.22
11.23
11.23
11.22
11.23
11.23
11.24
11.23
11.23

11.20
11.22
11.20
11.20
11.22
11.23
11.23
11.23
11.23
11.23
11.22
11.23
11.23
11.21
11.23
11.23
11.23
11.23
11.23
11.23
11.23
11.23

11.22

ANV (Height)

H (cm)
11.71
11.72
11.70
11.71
11.72
11.71
11.71
11.72
11.71
11.71
11.72
11.71
11.72
11.72
11.71
11.71
11.72
11.71
11.71
11.72
11.71
11.71
11.72

A (cmz)
98.52
98.87
98.52
98.52
98.87
99.05
99.05
98.99
99.11
99.05
98.93
99.05
99.05
98.87
98.99
99.05
98.99
98.93
99.05
98.99
99.11
99.05
98.93

Load (kg)
6717.64
6411.82
6442.41
7390.42
7512.74
6901.12
7349.64
7064.22
10326.20
9174.31
11121.30
12793.07
12446.48
11376.15
7655.45
7522.94
8307.85
11457.70
10479.10
12048.93
13302.75
15310.91
14464.83

183999 (Unconfined Compressive Strength)

UCS (ksc)
68.19
64.85
65.39
75.01
75.98
69.67
74.20
71.36
104.19
92.62
112.41
129.16
125.66
115.06
77.34
75.95
83.93
115.81
105.80
121.72
134.23
154.58
146.21
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maefi 4.6 mswﬂaaumﬁﬁqé‘ﬂmmﬁuﬂqﬂﬂﬂmﬁﬂ
Test W (kg) Diameter (cm) H(cm) A (cmz) Load (kg) UCS (ksc)

225 1123 11.23 11.23 1171 99.05

237 1123 11.23 1123 1171  99.03

224 1123 11.23 1123 1172 99.03

235 1121 1121 1122 1172 98.77  2463.47 24.94
230 1122 1122 1122 1172 9881  3024.13 30.60
231 11.22 1122 1122 1171 9881 347265 35.14
228 1121 1121 11.21 1171  98.64  5443.43 55.18
232 1121 1121 1121 1171  98.64  6401.63 64.90
233 1121 1121 1121 1171 9864  7115.19 72.13
234 1123 1123 1123 1171 99.03  7104.99 71.75
234 1123 1123 11.23 1171 99.03  10207.27  103.08
235 1123 11.23 1122 1172 9899 1220523  123.29
235 1123 1123 1123 1171 99.01  7828.75 79.07
234 1122 1123 1123 1171 9899 1132858  114.44

233 11.23 1123 11.23 11.71 99.03 14359.50 145.01

~ g
aaIHe: CC Y313/ udunud (the cement content)
T S2UZIIAUY (the curing time)
H AT (Height)

ucCs 119399@ (Unconfined Compressive Strength)

11015199 4.5 uag 4.6 Wehiuagnuiinisnageuniniiaivesiag lagds
%, 4 1 o o w ' ' o o @ 3 L4 '
Unconfined Compression TestiNOH1AIN1A8A (UCS) WU ANIAIBAYUAUSTTISIININITUN
IR L A1 o @ w A oA @ A LA ~
wazlSnadmua lasmimiaidanszoznaimsuud 28 TunazlSuadudmicy 9% i
1 1w ' ~ a [ 1 % < J
AGIGANINY 145.01 ksc §aNI1NTAUVBIAUGNSIYTUa 1.84 1911 Fanaasldiud USum
. 1 o @ w a 1 ) = a Iy 4 a
voefuBuANna lngasenemaidavesiungmyuReafuns flvesaugniuasiilenauiiy

o @ o =

Y ¢ o I 3 o Y a 3 v T da
ﬂflﬂﬂ']UT_E?J'lmlﬂﬂil“]fuﬂ‘ﬂll'lﬂsuu%3“11ﬂﬂ1aﬂﬂﬂﬂlﬂﬂﬂuﬂQﬂLWN?‘N"Uullagﬂ'ﬁzﬂzﬂ'ﬁUNﬂﬂ
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[

1 o w W = d o LY a o/ & o Yo
HARDAAIBAYDIAUARN BN LN TAQHANAUAGNFUUATLIAIWIUIUILIN INA1A989
a N | o w
YDINUAGANLAUAMNA 1AL

3 { o ' o o W a d o o y 4
MuNNIATgIUNTUNMIInanfIualimA a0 AvesAU TN UAd 1M T D TUTUNY

1 o 9 s

A "y ' ) a S A 3
NINNYVY 7 ’m%zmmm"luumﬂ’n 21.50 ksc WU ﬂ?ﬂ‘]m“]ﬂﬂu@ﬂlﬁﬂ?gﬁﬂﬂ@ 3% "lﬂ

Q

[ Y ' o =]

MaIvaINY 24.94 kse ImMasdagennamnnsumanalsivua13fe 21.50 ks

P . a v A a P2 s
MI1IN 4.7 91 CBR madﬂugﬂﬁmwmﬂummumﬂmmmuﬂ

Test # CBR
COTO 40
C3T7 53
C5T7 61
C7T17 82
CoT7 97
HULHN: CC ﬂ?mmﬁ,uc‘ffmuﬁ (the cement content)
T FEUIIATUY (the curing time)

CBR California Bearing Ratio (%)

P ' a ~ ~ A s
M1319N 4.8 71 CBR *‘-umﬁuﬂqﬂmwmﬂummummmmuﬂ

Test # CBR,
COTO 0 84
C3T7 3 98
C5T7 5 115
c7T17 7 134
CoT7 9 147
HUYITN: CC ﬂémmﬂuﬁmuﬁ (Cement Content)
T 32821781 (the Curing Time)

CBR California Bearing Ratio (%)
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