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Wasan Pansang 2010: Durability and Strength of Cement-Treated Base Highway
Materials in Thailand. Master of Engineering (Civil Engineering), Major Field:
Civil Engineering, Department of Civil Engineering. Thesis Advisor:

Mr. Barames Vardhanabhuti, Ph.D. 112 pages.

Cement treated base and subbase materials have been utilized increasingly for new
highway construction projects as well as maintenance works in order to minimize a problem of
decrease in good quality materials, and environmental concern from rock mining. However, in
some cases, cracks are found on the highway pavement underneath with cement treated base and
subbase after the highway was opened for few years. The damage could be due to low physical
properties of the material, and poor quality control during construction, leading to shrinkage

crack of base and subbase layers and reflecting to the pavement surface.

This research investigates influences of cement contents on compressive strength and
durability of cement treated base and subbase materials. An Empirical relationship between
compressive strength and durability properties is developed for crushed rock and soil aggregate.
The crushed rock and soil aggregate samples were obtained from 6 locations representing
borrowing materials from different parts of Thailand, including Kanchanaburi, Nakorn
Ratchasrima, Utaradit, Pechburi, Prajenburi, and Pechabul provinces. The cement content used
in the research ranges from 1 to 8 percents by weight. Series of laboratory testing programs
consist of unconfined compressive test, wetting and drying test, slaking test, and wheel track
test. A cement content determination chart is established for different traffic load designs in

which unconfined compressive strength and percent of weight loss were govern.

Student’s signature Thesis Advisor’s signature
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AASHO Usual Range in Estimated Cement Cement Content
Soil Cement Content and That for
Group Requirement Used in the Moisture Wet-Dry and
Density Test Freeze-Thaw Tests
(% by vol.)(% by wt.) (% by wt.) (% by wt.)
A-1-a 5-7,3-5 S 3-5-7
A-1-b 7-9, 5-8 6 4-6-8
A-2 7-10, 5-9 7 5-7-9
A-3 8-12,7-11 9 7-9-11
A-4 8-12, 7-12 10 8-10-12
A-S 8-12, 8-13 10 8-10-12
A-6 10-14, 9-15 12 10-12-14
A-7 10-14, 10-16 13 10-13-15

#301: Portland Cement Association (1959)
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Davidson et al. (1962)

H 1 a 4 a a 1
M15199 2 A1 Unconfined Compressive Strength Gumﬂuc?mummﬂmmﬂmm

Soak Compressive

Soil Type Strength * (MN/mz)
7 days 28 days
Sandy and Gravelly Soils: 2.07-4.14 2.76-6.90
Unified Groups GW, GC,GP, (2,070-4,140 kPa) (2760-6900 kPa)
GM, SW, SC, SP, SM (300-600 psi) (400-1,000 psi)
Sandy Soils: 1.72-3.45 2.07-6.21
Unified Groups ML and CL (1,720-3,450 kPa) (2,070-6,210 kPa)
(250-500 psi) (300-900 psi)
Clayey Soils: 1.38-2.76 1.72-4.14
Unified Groups MH and CH (1,380-2,760 kPa) (1,720-4,140 kPa)
(200-400 psi) (250-600 psi)

* Speciment Moist-Cured 7 or 28 days, Then Soaked in Water Prior to Strength Testing
~
N: Bell (1993)

4. 5282MINAN (Mixing Time)
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q

HAA1UITBUD Ruenkrairegsa (1982); Marshall (1954) aaalfimiuannslgnarlumsnauas
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Soil 6¢-2
60 12% CEMENT =
21% MOISTURE
=
V4
o
= S50 F INDEX PROPERTIES OF SOILS -
-4
°." Percent
»n Soil Sand Silt Clay
Lvﬂ) NO. 20to 0.05to 0.005 to Atterberg
8 0.05 0.005 0 Limits(%) AASHO
=~ 40 + (mm) (mm) (mm) L.L. P.I. S.L. Group -
; 2a-2 73 8 19 26 11 18 A-2
= 4b-4 15 59 26 35 12 26 A-4
E 6¢c-2 11 40 49 47 26 16 A-6-7
¢
= 30} . -
— Soil 4b-4
= Ta
%] 14% CEMENT
-
<« 22.5% MOISTURE
[
=}
= 20 -
Soil 2a-2
6% CEMEM
13% MOISTURE
\ Soil 2a-2
10 6% CEMENT N
13% MOISTURE Soil 6¢-2
\ 12% CEMENT
21% MOISTURE
0 | | 1 ! 1 1 1
0 2 4 6 0 2 4 6

MIXING TIME-HOURS

PNA 3 aﬂgwaﬂlﬂﬂigﬂgl’mﬁl@\iﬂﬁW’dllﬁ?f)fﬂi‘]Jﬂﬁﬂ%1ﬁﬂﬂﬁﬂﬂﬁﬂﬂﬂ’ﬂhﬂﬂﬂu

A37: Felt (1955)
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5. 52eLAazITMIUY (Duration and Method of Curing)
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msaenlFiagaudnud Idinnunamuasan s 1§ Terrel ef al. (1979) 18
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anne uazane (2545) laMmsAnutguantianisininssuvesdumiisisou
= 4 1T A = A a A Yo 1% Y = @ o w ]
HANFIUA WU Auiealismardanguie Ia5umsUsulgudieziimsiianndidsedis
< Q’ll VA [y o Q’ll o w A g [
sy luszezusadaAisURaNIND 28 T tazndnIiuMBRLINNYNeIHY TuTses

g1

Y o o v w o @ a ) @ :;’ 1
ﬁh’Nﬁ 3 GiI)'EJﬂ'l'ﬁu@§°9‘|}'luﬂTéNi‘l_lLl,ﬁQE)WUEN'Jff@]ﬁu‘%mu@ﬁ'lﬂiﬂ%u%%ﬁ@lN“]

Loss in
UCS
CBR Swell wet/dry
Purepose ksc (psi)
?2) (%) Test (%)
0))
3
Road sub-base, formation backfill 3.5-10.5 20-80 ) 7
for trenches etc. (50-150)
Road sub-base, base for light traffic (4) 7-14 50-150 2 10
(100-200)
Base for heavy traffic (4) 14-56 200-600 2 14
Building blocks (200-800)
Embankment protection >56 600 2 14
Floodways (too strong for general use (800)

under thin surfacing)

(1) UCS cured seven days at constant moisture content. The loss of strength on soaking should
not be more than 20 percent.

(2) CBR-Soaked four day.

(3) Durability test appropriate only where moisture penetration is like to likely to occur Higher
cement contents may be required to meet this criterion

(4) Lower strengths may be adequate for well-drained areas in the tropics

fAu: Ingles and Metcalf (1972)
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Soil Classification Maximum allowable weight loss
after 12 cycles of wet-dry or
AASHTO Unified freeze-thaw test (%)
A-1 GW, GP, GM, SW, SP, SM
A-2-4, A-2-5 GM, GC, SM, SC 14
A-3 SP
A-2-6, A-2-7 GM, GC, SM, SC
A-4 CL, ML, 10
A-5 ML, MH, OH
A-6 CL, CH
A-7 OH, MH, CH !

A: Terrel et al. (1979)
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Institution

Design Criteria

Department of Highways Thailand

Siam Cement Company Thailand
British Road Research Laboratory
United Kingdom

Ghana Department of Highways Ghana
Most African Countries

National Association of Australian State
Road

Authority (NAASRA) Australia

Unconfined Compressive Strength after 7 days
Curing is not less than 250 psi (17.28 ksc)
CBR not lower than 120 psi (8.30 ksc)
Unconfined Compressive Strength after 7 days
Curing is not less than 250 psi
CBR not lower than 120 %
CBR not lower than 180 %
1) Unconfined Compressive Strength after

7 days Curing is in the range of 150-250 psi
2) CBR after 7 days curing and 4 days

soaking is not lower than 120%

#31: Rananan et al. (1983)
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100

Cement CR1 CR2 CR3
Content
%) UCS 1d2 WeightLoss UCS 1d2 Weight Loss UCS 1d2 Weight Loss
(kse) (%) (%) (kse) (%) (%) (ksc) (%) (%)
0 0.31 - - 2.62 > - 2.98 - -
1 9.89 71.20 17.32 9.49  60.49 49.74 13.19  56.67 6.68
2 25.10 73.22 5.61 28.16 57.22 40.31 23.06 62.87 4.62
3 40.71 79.75 3.71 39.21 61.72 15.14 28.71 68.12 2.62
4 47.64 84.72 2.38 51.88 70.05 6.03 3519  71.97 2.47
ﬂﬁNN‘H’Jﬂ‘?’I 2 wammﬂaaummmﬂu@uaﬁﬁ@maim
Cement AG1 AG2 AG3
Content
%) UCS 1d2  WeightLoss UCS 1d2 Weight Loss UCS 1d2 Weight Loss
(kso) (%) (%) (ksc) (%) (%) (ksc) (%) (%)
0 1.47 - - 4.53 = & 4.08 - -
2 11.75 70.83 4.30 26.99 55.66 4.14 11.40  61.57 8.42
4 20.44 77.82 2.15 36.21 67.63 2.67 23.20 73.03 6.48
6 2690 82.63 2.14 46.94 76.00 0.87 37.99 82.29 3.10
8 33.73  84.80 1.71 59.64 87.32 2.08 4205  84.57 2.45
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Rut Depth(mm)
CR1 AG1
Pass No.
0% 1% 2% 3% 0% 2% 4% 6%
Cement Cement Cement Cement Cement Cement Cement Cement

0 0 0 0 0 0 0 0 0
20 0.88 0.03 0.02 0.03 1.31 0.02 0.02 0.01
40 1.35 0.04 0.02 0.04 2.01 0.02 0.03 0.01
60 1.7 0.05 0.02 0.05 2.54 0.03 0.04 0.01
80 1.98 0.06 0.03 0.05 2.95 0.03 0.04 0.01
100 221 0.06 0.03 0.06 3.32 0.03 0.05 0.02
120 2.41 0.07 0.03 0.07 3.63 0.03 0.06 0.02
140 2.59 0.08 0.03 0.07 3.92 0.04 0.06 0.02
160 2.75 0.08 0.03 0.07 42 0.04 0.07 0.02
180 2.9 0.09 0.03 0.07 4.45 0.04 0.07 0.02
200 3.03 0.09 0.04 0.08 4.67 0.04 0.08 0.03
300 3.56 0.11 0.04 0.1 5.64 0.06 0.09 0.04
400 3.95 0.13 0.05 0.11 6.39 0.07 0.11 0.05
500 424 0.15 0.06 0.12 6.93 0.08 0.12 0.05
600 447 0.16 0.07 0.14 7.4 0.1 0.13 0.06
700 4.64 0.17 0.07 0.16 7.77 0.11 0.14 0.07
800 4.78 0.19 0.08 0.17 8.1 0.12 0.15 0.07
900 491 0.2 0.09 0.18 8.39 0.13 0.16 0.08
1000 5 0.22 0.09 0.2 8.65 0.14 0.16 0.08
1100 5.09 0.23 0.1 0.21 8.89 0.15 0.17 0.08
1200 5.16 0.25 0.1 0.22 9.11 0.15 0.18 0.08
1300 5.21 0.26 0.1 0.23 9.27 0.16 0.18 0.08
1400 5.27 0.26 0.11 0.24 9.44 0.17 0.19 0.08
1500 5.31 0.27 0.11 0.25 9.6 0.18 0.19 0.09
1600 5.35 0.28 0.11 0.26 9.73 0.18 0.19 0.09
1700 5.38 0.29 0.11 0.27 9.87 0.19 0.2 0.09
1800 5.4 0.3 0.11 0.28 9.99 0.19 0.19 0.09
1900 5.43 0.31 0.11 0.29 10.08 0.2 0.2 0.09
2000 5.45 0.32 0.11 0.3 10.01 0.2 0.2 0.09
2100 5.46 0.33 0.11 0.31 10.08 0.2 0.2 0.09

2200 5.48 0.34 0.11 0.32 10.13 0.2 0.2 0.09
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MINWUINT A3 (919)

Rut Depth(mm)
CR1 AG1
Pass No.
0% 1% 2% 3% 0% 2% 4% 6%
Cement Cement Cement Cement Cement Cement Cement Cement

2300 5.48 0.34 0.11 0.33 10.22 0.21 0.2 0.1
2400 5.5 0.34 0.11 0.33 10.28 0.21 0.2 0.1
2500 5.5 0.34 0.11 0.34 10.31 0.21 0.2 0.1
2600 5.51 0.35 0.11 0.35 10.37 0.21 0.2 0.1
2700 5.51 0.35 0.11 0.36 10.2 0.21 0.2 0.1
2800 5.52 0.35 0.11 0.36 10.33 0.21 0.2 0.1
2900 5.53 0.35 0.11 0.37 10.36 0.21 0.2 0.1
3000 5.54 0.35 0.11 0.38 10.38 0.22 0.2 0.1
3100 5.54 0.35 0.11 0.38 10.42 0.22 0.2 0.1
3200 5.55 0.35 0.11 0.39 10.49 0.22 0.2 0.1
3300 5.57 0.35 0.11 0.39 10.54 0.22 0.2 0.1
3400 5.57 0.36 0.11 0.4 10.58 0.22 0.2 0.11
3500 5.58 0.35 0.11 0.4 10.63 0.22 0.2 0.11
3600 5.58 0.35 0.11 0.4 10.64 0.22 0.21 0.11
3700 5.58 0.35 0.11 0.41 10.69 0.22 0.21 0.11
3800 5.59 0.35 0.11 0.41 10.72 0.22 0.21 0.1
3900 5.59 0.35 0.11 0.41 10.74 0.22 0.21 0.1
4000 5.58 0.35 0.11 0.42 10.76 0.22 0.21 0.11
4100 5.58 0.35 0.11 0.42 10.8 0.22 0.21 0.11
4200 5.59 0.35 0.11 0.43 10.83 0.22 0.21 0.11
4300 5.59 0.35 0.11 0.43 10.85 0.22 0.21 0.11
4400 5.59 0.35 0.11 0.43 10.87 0.22 0.21 0.11
4500 5.59 0.35 0.11 0.43 10.82 0.22 0.21 0.11
4600 5.58 0.35 0.11 0.44 10.86 0.22 0.21 0.11
4700 5.59 0.35 0.11 0.44 10.88 0.22 0.21 0.11
4800 5.59 0.35 0.11 0.44 10.88 0.22 0.21 0.11
4900 5.59 0.35 0.11 0.44 10.89 0.22 0.21 0.11
5000 5.59 0.35 0.11 0.45 10.89 0.22 0.21 0.11
5100 5.59 0.35 0.11 0.45 10.88 0.22 0.21 0.11
5200 5.6 0.35 0.11 0.45 10.9 0.22 0.21 0.11

5300 5.6 0.35 0.11 0.45 10.91 0.22 0.21 0.12
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MINWUINT A3 (919)

Rut Depth(mm)
CR1 AG1
Pass No.
0% 1% 2% 3% 0% 2% 4% 6%
Cement Cement Cement Cement Cement Cement Cement Cement

5400 5.59 0.35 0.11 0.45 10.93 0.22 0.21 0.12
5500 5.6 0.35 0.11 0.45 10.96 0.22 0.21 0.12
5600 5.6 0.35 0.11 0.46 11.04 0.22 0.21 0.12
5700 5.6 0.35 0.11 0.46 11.06 0.22 0.21 0.12
5800 5.61 0.35 0.11 0.46 11.07 0.22 0.21 0.12
5900 5.61 0.35 0.11 0.46 11.07 0.22 0.21 0.12
6000 5.61 0.35 0.11 0.46 11.08 0.22 0.22 0.12
6100 5.62 0.35 0.11 0.46 11.09 0.23 0.21 0.12
6200 5.63 0.35 0.11 0.46 11.09 0.23 0.22 0.12
6300 5.63 0.35 0.11 0.46 11.11 0.23 0.21 0.13
6400 5.64 0.35 0.11 0.46 11.12 0.23 0.21 0.13
6500 5.64 0.35 0.11 0.46 11.13 0.23 0.21 0.13
6600 5.64 0.35 0.11 0.46 11.13 0.23 0.22 0.13
6700 5.65 0.35 0.11 0.46 11.13 0.23 0.22 0.13
6800 5.65 0.35 0.11 0.46 11.13 0.23 0.22 0.13
6900 5.66 0.35 0.11 0.45 11.13 0.23 0.22 0.13
7000 5.66 0.35 0.11 0.45 11.14 0.23 0.22 0.13
7100 5.67 0.35 0.11 0.45 11.1 0.23 0.22 0.13
7200 5.67 0.35 0.11 0.45 11.11 0.23 0.22 0.14
7300 5.67 0.35 0.11 0.45 11.12 0.23 0.22 0.14
7400 5.68 0.35 0.11 0.45 11.13 0.23 0.22 0.14
7500 5.68 0.35 0.11 0.45 11.13 0.24 0.21 0.14
7600 5.69 0.36 0.11 0.45 11.14 0.23 0.22 0.14
7700 5.7 0.36 0.11 0.45 11.13 0.24 0.22 0.14
7800 5.7 0.36 0.11 0.44 11.14 0.24 0.21 0.14
7900 5.69 0.36 0.11 0.44 11.15 0.24 0.22 0.14
8000 5.7 0.36 0.11 0.44 11.14 0.24 0.22 0.14
8100 5.7 0.36 0.11 0.44 11.15 0.24 0.22 0.14
8200 5.7 0.36 0.11 0.44 11.15 0.24 0.22 0.14
8300 5.7 0.36 0.11 0.44 11.16 0.24 0.22 0.15

8400 5.69 0.36 0.11 0.44 11.16 0.24 0.22 0.15
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MINWUINT A3 (919)

Rut Depth(mm)
CR1 AGl1
Pass No.
0% 1% 2% 3% 0% 2% 4% 6%
Cement Cement Cement Cement Cement Cement Cement Cement

8500 5.7 0.36 0.11 0.44 11.15 0.24 0.22 0.15
8600 5.7 0.37 0.11 0.44 11.15 0.24 0.22 0.15
8700 5.7 0.37 0.11 0.43 11.15 0.24 0.22 0.15
8800 5.7 0.37 0.11 0.43 11.16 0.24 0.22 0.15
8900 5.69 0.37 0.11 0.43 11.16 0.25 0.22 0.15
9000 5.7 0.37 0.11 0.43 11.16 0.25 0.22 0.15
9100 5.7 0.37 0.11 0.43 11.17 0.25 0.22 0.16
9200 5.7 0.37 0.11 0.43 11.17 0.25 0.22 0.16
9300 5.71 0.37 0.11 0.43 11.16 0.25 0.22 0.16
9400 5.7 0.37 0.11 0.43 11.17 0.25 0.22 0.16
9500 5.7 0.37 0.11 0.43 11.15 0.25 0.22 0.16
9600 5.71 0.37 0.11 0.43 11.14 0.25 0.22 0.16
9700 5.71 0.38 0.11 0.43 11.15 0.25 0.22 0.16
9800 5.71 0.38 0.11 0.43 11.16 0.25 0.22 0.16
9900 5.71 0.38 0.11 0.43 11.15 0.26 0.22 0.16

10000 5.71 0.38 0.11 0.43 11.15 0.26 0.22 0.16
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A5 19WUINT A4 HAN1INATBVIBIABN 10,000 501 TULATZEZMTIAADUN

Distance Rut Depth(mm)
Along CR1 AG1
Moving g0, 1% 2% 3% 0% 2% 4% 6%
(mm) Cement Cement Cement Cement Cement Cement Cement Cement

-52 4.17 0.34 0.08 0.41 10.06 0.25 0.23 0.18
-48 431 0.35 0.08 0.41 10.24 0.25 0.24 0.18
-44 4.48 0.35 0.08 0.42 10.37 0.25 0.23 0.19
-40 4.62 0.36 0.09 0.42 10.46 0.25 0.23 0.18
-36 4.76 0.36 0.1 0.42 10.55 0.26 0.22 0.18
-32 4.86 0.36 0.1 0.42 10.66 0.26 0.23 0.17
-28 5 0.37 0.11 0.42 10.81 0.26 0.23 0.17
-24 5.13 0.37 0.11 0.42 10.98 0.26 0.22 0.18
-20 5.26 0.37 0.11 0.43 11.17 0.26 0.22 0.17
-16 5.4 0.37 0.11 0.43 11.34 0.26 0.22 0.17
-12 5.54 0.38 0.11 0.43 11.45 0.26 0.22 0.17
-8 5.66 0.38 0.11 0.43 11.55 0.26 0.24 0.16
-4 5.81 0.38 0.11 0.43 11.62 0.26 0.23 0.16

0 5.94 0.39 0.11 0.43 11.66 0.26 0.23 0.16

4 6.05 0.39 0.11 0.44 11.67 0.26 0.23 0.16

8 6.14 0.39 0.11 0.44 11.67 0.26 0.22 0.16
12 6.22 0.39 0.11 0.44 11.67 0.26 0.23 0.15
16 6.31 0.39 0.11 0.44 11.67 0.26 0.22 0.15
20 6.39 0.4 0.11 0.44 11.67 0.26 0.22 0.15
24 6.45 0.4 0.11 0.43 11.65 0.26 0.22 0.16
28 6.51 0.4 0.12 0.42 11.57 0.26 0.21 0.16
32 6.54 0.39 0.12 0.42 11.45 0.25 0.22 0.16
36 6.55 0.39 0.13 0.42 11.29 0.25 0.22 0.15
40 6.54 0.39 0.13 0.42 11.14 0.25 0.22 0.15
44 6.52 0.39 0.13 0.42 11.01 0.25 0.21 0.15
48 6.49 0.39 0.13 0.43 10.94 0.25 0.2 0.15

52 6.47 0.39 0.13 0.43 10.86 0.25 0.2 0.15
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