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PAVEMENT RECYCLING TECHNIQUE/CEMENT STABILIZED

Laboratory and field strength development of cement stabilized coarse-grained
soils is studied in this research. A phenomenological model to assess the laboratory
strength development is developed. The model is divided into the dry and the wet
sides of optimum water content. At the optimum and on the wet side of optimum, the
strength development in cement stabilized soils at a particular curing time is
dependent only upon the soil-water/cement ratio, w/C, which can reflects the
combined effects of water content and cement content. It is moreover premised that
the relationship between strength and water content is symmetrical for water content
ranging from 0.8 to 1.2 times optimum moisture content. The proposed model is
useful for assessing the strength development wherein water content, cement content
and curing time vary over a wide range. Only the test result of a single laboratory trial
IS needed.

From the field study, it is found that the field roller-compacted strength, q,, is
lower than the laboratory strength, q, under the same dry unit weight, soil-
water/cement ratio and curing time due to several field factors. The ratio q,, /q,

varies from 50 to 100%. Non-uniformity in mixing soil with cement is realized by the

ratio of field hand-compacted strength to laboratory strength, g, /q, ranging from



0.75 to 1.2. For most data, the field roller-compacted strength is 55 to 100% the field
hand-compacted strength. This might be caused by the difference in compaction
method and curing condition between laboratory and field stabilization. From this
field observation and the proposed model, a practical procedure for repairing damaged
roads using the pavement recycling technique is introduced. The procedure consists of
the determination of cement content, the execution of the field stabilization and the
examination of the field strength. It can save on sampling and laboratory testing and

hence cost.
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Davidson et al. (1962) Miminaasdlasldnitenansuaumiier lusaiiaiu
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(Davidson et al., 1962)
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Unconfined Compressive Strength (MPa)

Montmorillonite Clay
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(Davidson et al., 1962)

75

AoN

[

N

[

f

50 25
Sand (%)

= a A Jd a = 4
UNUASIVOIAUFNUAUTINUFIUA 12 %



d' a a e =} d‘d
g‘ﬂ‘ﬂ 2.6 INTNAVDLTAULHUYINY

15

Unconfined Compressive Strength (MPa)

Illite Clay

100 75

(Davidson et al., 1962)
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o a 4 a 1 1
Portland Cement Association (1959) “l?fmuuﬂmmﬁ’mﬂﬁﬂimmﬁmumamuﬂqumqG’]mu

5211 ASSHTO 1A lua1319n 2.1 uaza1snan 2.2

A a a g Y (o ° v
AT NN 2.1 ﬂimmmuumﬂwﬂmﬂ;a ATUNITIUNLUDY ASSHTO (mayja%m Portland

Cement Association, 1959)

Usaul range in cement

Estimated cement content

Cement content for wet-dry

ASSHTO ; i and that used in the df _thaw test

soil requiremen moisture-density test and freeze-thaw fes
group (% by vol.) (%by wt.) (% by wt) (%o by wt.)
A-l-a 5-7 3-5 5 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-5 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
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A a =) o o v v 1
M13199 2.2 YSinadud laslszanalumsway dmsuiageane

(ﬁi’J}Ean,a%m Portland Cement Association, 1959)

Estimated cement contented and
Type of miscellaneous material that used in moisture-density test Cement contented for
wet-dry and freeze-thaw
Test (% by wt.)

% by vol. % by wit.
Shell Soil 7
Limestone screening 8 5 5-7-9
Red-dog 7 8 3-5-7
Shale or disintegrated Shale 9 10 6-8-10
Callche 11 7 8-10-12
Cinders 8 8 5-7-9
Chert 8 8 6-8-10
Chat 9 7 6-8-10
Marl 8 11 5-7-9
Scoria (Retaining No.4 material) 11 11 9-11-13
Scoria (Passing No.4 material 12 7 9-11-13
only) 8 7 5-7-9
Air-Cooled slag 9 12 5-7-9
Water-cooled slag 10 10-12-14

S 1

Moh et al. (1967) :1001u1 augnsaluilszmealng Alia P1 sz 11 89 19
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.. A P 9 A
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1 9 Y I =K o w v 19 19 @ = < 9
tazduiu AU INA R YUBINTUASAIINIMTOIaZUBINTUADAAAAUNEUAN DY A2
= o Yo v w 1 < 1w
ramlvndidnanaseduiuaude
' 1a ~ . . 4 o a a o o b
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=) 4 4 o ya o . . =\ = o 9 vy
Fuua unnievaz 15 9z ldausman Montmorillonite Hnanwagmnsntiunldauld
2.6.305nannuruvazUAon
v
Felt (1955) 11a2 Davidson et al. (1962) AnH19NTNAVOIANUFUADIIGIOA LA
9 Y v
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Marshall (1954) ARHINAYBINTHUIIAIMTHANTLHINMINTUFY HATAT
v 1 2
VATANNHAADNIDIOAVDIAUTHAAII]  NUIHIFI0AIZAAAIULDIAIMITHTNUIUYY A4
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DATA ON SOILS AND ON CEMENT-TREATED SOIL MIXTURES

Soil Texture Clay Content Cement Content

(%<0.02 mm.) (% by volume)
Sand 2 8
Sandy Loam 8 10
Loam 19 10
Silty Loam 17 11.5
Clay 46 12
Clayey Gravel 20 8

| SAND

+~SANDY LOAM

DELAY BETWEEN WETTING AND COMPACTING (HOURS)
[ i
I I

l |
100 200 300 400 500 600 700

MAXIMUM COMPRESSIVE STRENGTH (PSI)

v Y
Un 2.7 ’E)WﬁW?IGUfNﬂ"liﬁ‘L!’NDiﬂf‘ﬂiNﬁ‘iﬁ%ﬁ?"l\iwﬁwdb'u HATMIVADA

Qo

1 v o a

NADMEITAVDIAUTINUS (Mashall, 1954)
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(Ingles and Metcalf, 1972)
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Wang and Huston (1972) $1msnaaaunIfiadas uazMaioaueiagnanszniig
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MINAN 2.3 HUINNMIRENTANAUINY (additive) NUATgUARZITA (Wilmot, 1995)

Crrléihked g\r/ZgLId Sclllgl- Sand” S:}rl]t?/y Hcelz\;y
gravel | gravel clay
Cement A A A B B N
Blend Cementations A A A A A N
Hydrate Lime B B A N B A
Hydrate Lime + Cement N N B N B A
Polymeric B A A B A B
Bitumen A A B B B N

Usually very suitable A
Usually satisfactory B
Usually not suitable N

* Depend Upon Grading (Single size sand require higher additive content)

2.8 M3 Taqunnlglna (recycling)
Gordon (1984) na1DamM 3 1¥asHauNINDa519 Modified materials 8% Bound
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ﬂﬁ 2.9 ANUFURUTILNI Initial Tangent Modulus in Tension Aufaena

1aAAIBAVDIAUTIUUSA (Wang and Huston, 1972)
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STATIC COMPACTION
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‘]Jﬁ 2.10 ANUFNTUTTLH 14 Direct tensile strength 11 Unconfined compressive strength

VOIAUBIUSA (Wang and Huston, 1972)

4 [
Tabensky (1990) n1a1291 M3t igqu i lFudnasa (recycling) lailasoalna uadl

5189191 Florida Department of Transportation 1a511015U5u1lgenmniniaan dremswauy
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{ a 4 @
M350 2.4 YorlSsuReuFarsHgMansud Cold recycling process fil Conventional method
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Classification OMC | P, LL PI Specific gravity (G)
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AASHTO | USCS (%) (kN/m3) (%) | (%) | Coarse | Fine | Combined
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Mix (A:B=60:40) A-2-6 SC 7.8 22.02 28.1 | 104 | 2.601 | 2.265 2.537
Mix (A:B=380:20) A-2-6 GC 8.0 21.92 294 | 12.1 | 2.596 | 2.238 2.519
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" AR
AaANIIA - ” —
¥a1Y3 AILUND Us1au1)3
Auaulianeland
Yadnaad (LL) NP 29.4 30.8
YanawaIdan (PL) NP 20.7 19.8
AvtanIwwardan (P NP 8.7 11.0
AAANTANIIAINT TN
MIVATAUVUFINIININTFIU
ANMURUIUULRSEIga (nn./a) 2150 2158 2210
USmnaanuiuiinne OMC.(%) 6.5 7.4 10.0
California Bearing Ratio (CBR)
Unsoaked CBR, % 98.67 41.33 72.00
Soaked CBR, % 58.67 35.33 63.33
Swell, % 0.07 0.04 0.00
MINuuUNszInnveIa Y
AASHTO A-1-a(0) A-2-4(0) A-2-6(0)
Unified Soil Classification SW SP SW
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{ o o v w a [ 4 [ [ Y]
M3 4.3 (2) MINNIMADAUNUAGIVDIAUGNTINANTINUAVATAINTIN IABALT

(A5 LagAMY, 2544)

Opti
P Curing Cement  Moisture Soil-water/
moisture .
time, D content,  content, cement
tent, OMC .
conten (days) C (%) w (%) ratio, w/C
(%)
6.5 7 2.0 6.5 3.3
6.5 14 2.0 6.5 33
6.5 28 2.0 6.5 3.3

Laboratory  Predicted
strength, strength,
q,kPa)* g, (kPa)**

1833.4 1541.9
2174.7 2021.6
2648.5 Reference

{ o o v w a @ J [ [ 1Y
A5 190 4.3 (b) ﬂ15ﬂ1u18ﬂ1aﬂﬂﬂllﬂulaEJZ]‘]JE’N@L!Qﬂi\iNﬁll“?)'mu@llﬂ@ﬂ’ﬂTﬂ’ﬂQﬁﬁﬂﬁizllﬁﬁ

(AN Lz AME, 2544)

Optimum

Curing Cement  Moisture Soil-water/ Laboratory  Predicted
moisture .
time, D  content,  content, cement strength, strength,
tent, OMC .
content (days) C (%) w (%) ratio, w/C g, kPa)* qup(kPa)**

(%)
7.4 7 4.5 7.4 1.6 1963.1 1613.8
7.4 14 4.5 7.4 1.6 2491.8 2115.9
7.4 28 4.5 7.4 1.6 2772.1 Reference

{ o o v w a [ J @ Y @
A15197 4.3 (c) fﬂﬁ1’1TLHﬂﬂTﬁQ@ﬂLLﬂHLaﬂﬂmﬂﬁﬂugﬂiﬂNﬁﬂ%tmuﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬁﬁﬂﬂﬁ'ﬁ]ulli

(A5 LazAME, 2544)

~

3

Optimum

Curing Cement  Moisture Soil-water/ Laboratory  Predicted
moisture .
time, D content, content, cement strength, strength,
tent, OMC .
content (days) C (%) w (%) ratio, w/C g, (kPa)* qw(kPa)**
(%)
10.0 7 6.6 10.0 1.5 2018.1 1406.1
10.0 14 6.6 10.0 1.5 2172.9 1843.6
10.0 28 6.6 10.0 1.5 2415.3 Reference
naa *  fiaseannadey 1aeaisn uazame (2544)

o v o Ao % Y A
ok ﬂ'lﬁ\?'i]@'ﬂ'ﬂ'lu'lﬂulﬂiﬂEJ?J'IﬁEJﬁ'iJﬂ'ITVI 4.5
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MINN 4.4 MINMUBAIFISAUNUASIUDIAUNAN Mix (A:B = 20:80) HANFUUAUADA

Optimum Curing Cement Moisture  Soil-water/ Laboratory Predicted
moisture
content time content content  cement ratio strength, strength(1), %,/quz

OMC. (%) D (days) C (%) w (%) w/C q,, (kPa) 4, (kPa)
8.0 7 1.0 8.8 8.8 526.4 654.2 1.24
8.0 7 3.0 8.4 2.8 1760.9 1544.2 0.87
8.0 7 3.0 11.7 3.9 1138.8 1204.4 1.06
8.0 7 5.0 9.3 1.9 1929.7 2098.6 1.09
8.0 7 7.0 7.5 1.1 2311.6 3173.9 1.37
8.0 14 1.0 8.2 8.2 676.0 904.4 1.34
8.0 14 3.0 8.1 2.7 2087.7 2080.6 1.00
8.0 14 3.0 10.8 3.6 1818.9 1676.8 0.92
8.0 14 5.0 9.7 1.9 2755.1 2666.0 0.97
8.0 14 7.0 9.1 1.3 3598.5 3599.5 1.00
8.0 14 7.0 11.3 1.6 2261.0 3060.0 1.35
8.0 28 1.0 8.6 8.6 1469.5 1079.7 0.63
8.0 28 3.0 9.4 3.1 2703.2 2302.3 0.85
8.0 28 5.0 8.6 1.7 3822.7 Reference -
8.0 28 7.0 9.3 1.3 33904 4381.6 1.29
8.0 28 7.0 11.6 1.7 3897.5 3712.4 0.95
8.0 100 1.0 9.7 9.7 1346.3 1333.9 0.99
8.0 100 3.0 12.3 4.1 2422.2 2544.7 1.05
8.0 100 5.0 10.2 2.0 4513.4 4295.3 0.95
8.0 100 7.0 9.3 1.3 5541.3 5924.9 1.07
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