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MONGKOL DUCHANEE: COMPRESSIVE STRENGTH OF REPAIRED
ROAD BY RECYCLING TECHNIQUE OF PAVEMENT. THESIS
ADVISOR : ASST. PROF. AVIRUT CHINKULKIIJNIWAT, Ph.D.

The study is aimed to investigate compressive strength of cement stabilized
recycled pavement aggregate compacted at wet side of the optimum water content
using pavement recycling technique. Results from field and laboratory specimens
were analyzed in statistically manner. It is found that the major factor controlling
difference between laboratory and field strengths is curing process.

Subsequently, a factor of 2.0 is recommended for adjusting laboratory design
strength from the desired field strength. To enhance accuracy of mix design strength,
a modified phenomenological model is introduced. This model is helpful because it

saves cost and time. The model is proved being powerful in accuracy of predicting

compressive strength with r?of 0.90.
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(Davidson et al. 1962)
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Unconfined Compressive Strength (MPa)
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Portland Cement Association (1959) "I,G?]}iﬂlLuﬂﬂ’ﬂilél}ﬂ\iﬂ"liﬂill”lﬂ!@muﬁlﬂlﬂﬂﬂuﬂqu@NG] AU

5211 ASSHTO 1A lua319d 2.1 uaza1snan 2.2

a3 2.1 Usunadwuanldlsilge awmsswunuuy ASSHTO (Fo3ya91n Portland

Cement Association, 1959)

ASSHTO | Usual range in cement | Estimated cement content | Cement content for wet-
Soil Requirement And that used in the dry and freeze-thaw test
group (% by vol.) (% by wt.) moisture-density test (% by wt.)
(% by wt.)
A-l-a 5-7 3-5 5 3-5-7
A-l-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 o o v o N
M319 22 Ysnadwud lastszanalumsnay dmsuiagaiee

(‘lajlﬂyjaﬁﬂﬂ Portland cement Association, 1959)

Type of miscellaneous material Estimated cement contented and Cement contented for
That used in moisture — density test wet-dry and
% by vol. % by wt. Freeze-thaw Test
(% by wt.)
Shell Soil 8 7 5-7-9
Limestone screening 7 5 3-5-7
Red-dog 9 8 6-8-10
Shale or disintegrated Shale 11 10 8-10-12
Callche 8 7 5-7-9
Cinders 8 8 6-8-10
Chert 9 8 6-8-10
Chat 8 7 5-7-9
Marl 11 11 9-11-13
Scoria(Retaining No.4 material) 12 11 9-11-13
Scoria (Passing No.4 material 8 7 5-7-9
only)
Air-Cooled slag 9 7 5-7-9
Water-cooled slag 10 12 10-12-14

1 a [ d’d U = d’
Moh et al. (1967) $1891471 augnsalutszmalne Atia1 PT Uszana 1199 19 1o
o v A sY = Y1 o v o 1 a d! I 9 o
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. A P Y a )
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< o o [ 1 1 ] < o
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' 1a ~ . . A o aaa Y o Y
Bell (1976) WuUIM3AUMHYEI Montmorillonite 118 11ATeA LU 991 1A
o Y .. & o Y A= 1 (= [
Aqueous phase 899 $11% @15 Cementitious Feimvndanzegluyuva bifeanesonis
3 o 9 A A a = 4 A A . Y dgl a A
U9 Msud lude mManulTnaduudaslieiiy Free lime 1duinvulagilnanismin

= 4 ) o Jya o . . = = o 9 4
FINUANINNITDYAL 15 i]%‘ﬂﬂﬁﬂumW’Jﬂ Montmorillonite uammwwmmmumﬂwm%
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2.6.4 MIVNAUTINUA

v Y
Highway Research Board (1949) JA5180ReIfUmMIsnEIANNFUV0IAUNEY
o a (% a
FuualuauinTasminiuainalu 4 $5820 Bituminous seal 4 ¥iia fiv MC-2, RC-1, MC-3
T o a a’/‘ a < [ g [
1182 Asphalt emulsion 1 IAANIVAING 4 iia BAnuawTaluMIN DT IBIANUFUTZHIW

msvy 7 31 a1 ueded

'
1 [ % =

Clare and Pollard (1951) @jUfsdniwavesgunniniaen1davesaudmuuail i

be =SD.

a

a a v I o w
QUUYNUITYINIA 25 SN BT R uazqmm_]mmmmmwmmﬂu 60 DIATALFE 1189
[ a A A 1 @ 49{ J 3 J a oA A 42’
DAVDIAUBNUANDIYNITUY 7 IUISFIVU 2-2.5 L‘]J@igcﬁum@qmwgumﬁwmwmu 1 93f

~ J Y Aqya A I dy A A 1 Yo o o A A [
Lty e e miﬂ’mﬁN‘w1%@1&muumiuwuwmmmﬁa‘uqmﬂwmma@mmﬂ 3 IADULINTIAN

Q

1 Y 1 1 9 dy A "9
MINOa3 NGINIMINeaT I IUNUNNTIMAMUIINIITEAL 50-100
Maner (1952) "lé’fmaaﬂﬁ’i’a@@hm 14un Waterproof Paper, Calcium Chloride, RC-2
A
1 a 4 1w
Asphalt, Tar (¢ Asphalt emulsion °1umauuﬁummu@mmwmnaﬂ Bituminous Asphalt
09: 2 9 Y = dyw 1 dy Aa A
14 3 ¥ila 1a Waterproof paper 13011 lanad winanidamunanusuluemeaionina
1 1 a dy a A 4
peINAelTIaANNFUIUAUTIUA
o A a . . . v A 4
Leadabrand (1956) 118U 2 1A Ao Clayey sandy soil 48 Silty soil INFUNUFNUA
Y ] H
Fovaz 10 vouhminaunds udrimsuadaluiesl§ians ienididedaiorgnisiiy

0o v w a

v
o 1 @ = ' = 4 v o v w '
faLLe 2 auﬂuﬁq 51 W”]J’Nfﬂﬁ\'if]ﬂ"llfNﬂucﬁmuﬁﬂ%ﬂﬁWﬂﬂUﬂWﬂ\‘l@ﬂﬂl@\iﬂ@uﬂgﬁ ﬂﬁTJﬁ@

v
[ a

o g a 4 [ o ¥ A L
N QfJWﬂgLWN%H@WNQTQ%QQQH@LNH@ Lmzﬂﬂvlfg])ﬂ"lﬂﬁL‘iﬂ%ﬂﬂﬂu‘%mu@ﬂlu’dUﬁJ%TﬂTﬂﬁﬂﬂﬁ

1 9 [ 1 [ [ a A oa.l‘ 1 YR =
NDFIWUDITTIANN 4 53 Gl‘L!‘]Jizmﬁﬁﬁiﬁ’t’)m3ﬂ'lIﬂEJiJGIf’NE]'IEJ§NLW] 1799201 vmagoum

[

o w 1 o v w a J [ o v w a
NIANDANDIN ﬂ?ﬁﬂ@ﬂﬂl@ﬁﬂﬂ%tﬂl&ﬂiﬂﬁ“?ﬂﬂ$ﬁ@ﬂﬂgﬂﬂﬂUﬂTaQ@ﬂ‘UﬂﬂﬂuéﬁlﬂJuﬁiu

" 0o v w a Y] = o Y] Aaa 9 1 =
Ng (1966) W1_1'Zﬂﬂ'l'ﬂQ@ﬂﬂ]@\‘lﬂugﬂﬁﬂﬂﬁh"ﬁmu@ﬂgLLﬂiWHﬂUQﬂ!ﬁQMWi%U?J NANIND

4
=

N A X o) I~ O o o w a o s A a9

QUUYUMIVUNLIY 910 70° F 111 100° F Aa96AU09a UGN UAILINNIUDNI 08T 20

Wang and Huston (1972) 3189147105200 H 1uMsunazmaidnanauny
Q' = d' a vAa [ = =) [
MNANUATEA NYAITA 11192 NATOUUTIAY NTDUTION

o = A 1T a A o Yo 1 . . .

Shackel and Lee (1974) MmsANEUT09MIUNAUGILUA Iae15A19819 Artificial Soil

%41891nn15%1 Uniform Sand 910104 Botany ‘5':‘1; New South Wales Uszineiooaiasaoniney
Y

Y] Y] ] o @ o
1) Commercial Air-floated China Clay (Kaolin) 1U8@5184U 60:40 Iaativiin LagnauFmua
lusasifesaz 0,3 uag 8 himstiy 2 anvue Aeunluemeaigurgine 20°C nagiiulu

'
a =

[ Y
NWaaAngurgilan 20°C Tasmsiun 0, 1,3, 9,23, 44 uaz 81 U NNTUNATOUHIA

u



20

v 1 o w K [ v

MINAA ﬂ?ﬂﬁ?ﬂﬁ‘llﬂ?ﬂéh AMAI0A AMRIAN LAz IANTNTZIAIVI TN (Pore Size

=

. . . a = 4 o 1 Y 1 9 tﬂ' A dtﬂ' 1
Distribution) VOIAUFINUADINNITI1009NIA0819 g lHinT ol N FoI1 Mercury
1 4 A a 4 v o o v w o v
Intrusion Porosimeter wmuﬁmwuﬂ3mm@mumuazmqmﬁumzmﬁlﬁ’mm@ﬂ uazmmﬁﬂ
v b4 Y '
LW?J%“L! ﬂ1§‘]J1|1L!?J"Iﬂ1ﬂﬁ]$‘ﬁ11ﬁlﬂﬂﬂ1§ﬂﬂﬁﬁﬂ1ﬂﬂ31ﬂ1§‘]J?JLL‘]J‘]JGABH wazdaunuyuIa Tnsg
. a d‘ 1 z:g/ Y 1 1 dy d'
(Pore Size ) wazlsuing (Pore Volume) RN ITUNNINVYUAIY FIUNTUNLUUYU LUDDTY
Il 4%’ o o Y
MIUNNTU S lFvua Inssanas

2.6.5 szmnaflumiwau

Y
Marshall (1954) ﬁﬂmwammmswmmmmiwﬁmzw’mmmﬁu%u HaENIUADA

'
A A ' o v w a

i1 E4
ninaAeMaidavesanyinn1e nuNfdwarzanauiionaimMnauuuIy dwdaslugll

=).

2.7

Felt (1955) AKIBNTNAVDINTHUNNANOREI0A tazaNnuaanu Tagnan 1wy

v
= Y

Y
Ju udnsineuvada An1au 3 vila fie Aungu A-2 (LL= 26, PI = 11) Aunqu A-4 (LL=
35, PI = 12) A-6-7 (LL= 47, PI = 26) WUNAUNNFHUAIZLAIRIG0A0AAUUDHUINIAING

Y d? 1 I~ 3 = =S 9 [

w1 MInaaMIsaunuUrgaiuaTing1) s iHadeloeN LU ANETY
1ae

Ingles and Metcalf (1972) MMINATDUAU 2 FUA A9 Medium clay 482 Sandy gravel

4 [ o 4 1 0o v @ W { a 4 1 ~

emANNFNRUT Tz IaMaesanuna1n ¥ lumsnauauduud nuaimssaynuu
d? o o v w 1 I Jd 9 a 1 o o w
YU 1-2 2119 A1a98avzanaInd1 50 Wosisua awrar lumswauuuAunl 2 ¥ 119 A1a9

[V 1 < @ {
8AY03 Sandy Gravel 9108071 Medium Clay 1antios aauaaslugli 2.8



21

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 i0
Silty Loam i7 ii.5
Clay 46 12
Clayey Gravel 20 8
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(Ingles and Metcalf,1972)
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MINA 2.3 HINNMIRenTagNauINy (Additive) NU3aauAazatia (Wilmot, 1995)

Crushed Well Silty - Sand* Sandy Heavy
rock graded clay silty clay
gravel gravel clay

Cement A A A B B N

Blend A A A A A N

Cementations B B A N B A

Hydrate Lime N N B N B A

Hydrate Lime + B A A B A B

Cement A A B B B N
Polymeric
Bitumen

Usually very suitable A Usually satisfactory

Usually not suitable N

*Depend Upon Grading (Single size sand require higher additive content)
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2.8 M daamanldlna (Recycling)
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2.10 aumsinnemasvesmsiiaqnnlylvii (Recycling)
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Curing Water Cement w/C Laboratory Predicted
time content content strength strength
[days] [%] [%] [-] [kPa] [-]
7 13.5 3 4.5 1200 1233.1
7 13.5 5 2.7 1562 1718.7
7 13.5 7 1.9 2048 2159.8
14 13.5 3 4.5 1265 1461.2
14 13.5 5 2.7 1718 2027.0
14 13.5 7 1.9 2279 2539.1
28 13.5 3 4.5 1479 1572.1
28 13.5 5 2.7 2248 2177.0

28 13.5 7 1.9 2868 2723.6
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AN 4.5 (99)

Curing Water Cement w/C Laboratory Predicted

time content content strength strength

[days] [%] [%] [-] [kPa] [-]
7 11.5 3 3.8 1563 1376.4
7 11.5 5 2.3 2107 1907.5
7 11.5 7 1.6 2415 Ref.
14 11.5 3 3.8 1682 1628.4
14 11.5 5 2.3 2281 2246.4
14 11.5 7 1.6 2807 2834.8
28 11.5 3 3.8 1786 1751.0
28 11.5 5 2.3 2551 24113
28 11.5 7 1.6 3039 Ref.
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