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The objective of this research is to develop alight and simple divice to assist
the field compaction control work by providing field density and field CBR. As one
tip of the device is 60 degree cone shape, the device is called Portable Cone
Penetrometer (PCP). The PCP islight, portable and operable by only 1 person.

Relationships among the magnitude of force to reach 20 mm cone penetration
depth (PCPF), soaked- and unsoaked-CBRs, dry density, and water content were
introduced. The relationships were developed for three zones based on compacted
water contents; dry side, wet side, and at the optimum water content. Verification

provided very good agreement between read and predicted results
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(D’Appolonia et al., 1969)
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NIVAOAIINIY (D’Appolonia et al., 1969)
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a o 1 { o 1 a o . ¢ o

audetaniihun ldnaaevlsznoudis 2 dIufAe AUAUNIG (Subgrade soil) Faudlu
a @ 1 v W 1 = A ] 4 . & 1 Aq ¥
AUAIDYNHANNUNIUALIDYANTOUNIUALLNTILUDT 200 (Fine content) G]N!,ﬂumu%ﬂ%

A 9 [ 1 d'o A Iy a a [ ~ 1 [ wAa

WﬁﬂJLWiJLﬂIWllﬂﬁluﬁﬂﬁﬂuﬂﬂWﬁuﬂ LW@GlﬁulﬂGﬁuﬂﬂl@ﬂﬂuﬂu‘ﬂ’l\iﬂuﬂﬂ@nﬁﬂu Iﬂﬂﬂﬂ!ﬁuﬂﬁﬂ’]\i

MUNINUDIAUAIDE AILFAS IUAITI9N 3.1

M1519% 3.1 FilauazAuauANIINENINURIAUITINANY

AaautiAveIAl AUAUNI drvaziden
Ausodgai 1
AU WNIUNWIE (Specific Gravity, G¢)2.67 2.72
Va3 naiad (Liquid Limit, LL) 9.2 52.3
VYasiana1aan (Plastic Limit, PL) 3.3 325
SuunriaAuA183T USCS. SM CH
Sieve analysis (%Passing)
1/2 5’3 100.0 -
3/8 5’3 89.5 -
#4 86.7 -
#10 79.7 -
#40 67.2 -
#100 20.2 -
#200 13.1 100.0

Standard Compaction Test (mold 6 ﬁ:l)

ANUUUUUAIGIAR (Vg max), (@em)) 1,95 -

USinammidumng (OWC. %) 11.07 -
CBR test

Soaked CBR (%) 6.9 -

Unsoaked CBR (%) 16.8 -

Swell (%) 0.1 -
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M15719% 3.1 vilauazAuauIANIINENINURIAUIIINANYT (A0)

[

AalautiAveIAl AUAUNI drvaziden

AUAIDYYAN 2

ANV WIUNIE (Specific Gravity, Gg)  2.68 2.71
YaNANAI (Liquid Limit, LL) 16.3 51.7
IANNANAFAN (Plastic Limit, PL) 9.8 27.4

uwunsiaAUAI83T USCS. SC CH

Sieve analysis (%Passing)

1/2 ‘5’3 100.0 -
3/8 ‘5’3 98.8 -
#4 95.9 -
#10 90.3 -
#40 68.7 -
#100 323 -
#200 25.9 100.0

Standard Compaction Test (mold 6 17)
ANUUUUUIGITR (Vg max)- (@em)  1.88 ]

USuamnudumnzay (OWC. %)  14.09 -

CBR test
Soaked CBR (%) 6.3 -
Unsoaked CBR (%) 15.5 -
Swell (%) 0.2 -

1 [ F4
dmsumsuasaauaiese el linaaeumasinadle yanaaeuANAUITY
] @ 1 4 ua:
nniuagnaaouMIUAUHIATUO1TUIATYIU (ASTM  Standards D1883-05) 1114 3LATBY
o 1 a [ 9 1a 1 = Q' 9 v 9 an
Arednauaums udrldaudivaziBoanamiudr l)uaz uadad 18751195311 (Standard

! s Qy { 2 § J i g
proctor test) Tu Twavuaduriugudnais 6 47 MsumaNUFUsZHIN OWC T6% (1o ld
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ATOUAQUUIATTIUVDINTUNNHANATIMUA TR0 521119 OWC 33%) T100ziBeans

9381 AUAIPENTIMTUMIUASA Auanalugli 3.2 uaz 3.3

Studied Soils

No.1
v v v v v
4 N\
Subgrade SM + SM + SM + SM +
soil (SM), 15%Fine 30%Fine 45%Fine 60%Fine
13%fine content content content content
content
_/
v v v v
4 N [~ N N [ N
6” mold, at 6” mold, at 6” mold, at 6” mold, at
OWC-6%, OWC-6%, OWC-6%, OWC-6%,
OWC-4%, OWC-4%, OWC-4%, OWC-4%,
OWC-2%, OWC-2%, OWC-2%, OWC-2%,
OowWc, OoWC(, OWC, owc,
OWC+2%, OWC+2%, OWC+2%, OWC+2%,
OWC+4%, OWC+4%, OWC+4%, OWC+4%,

OWC+6% OWC+6% OWC+6% OWC+6%
I\ AN AN /AN >

D.

317 3.6 M1vazBeadIUHTIVDIAUATIDINYAN 1 NHINIUADA



Studied Soils

No.2
A 4 A 4 A 4 A 4 A 4
Y
Subgrade SC + SC + SC + SC +
soil (SO), 31%Fine 40%Fine 50%Fine 60%Fine
31%fine content content content content
content
—/
A 4 \ 4 A4 A 4
V4 N [ N I
6” mold, at 6” mold, at 6” mold, at 6” mold, at
OWC-6%, OWC-6%, OWC-6%, OWC-6%,
OWC-4%, OWC-4%, OWC-4%, OWC-4%,
OWC-2%, OWC-2%, OWC-2%, OWC-2%,
OowWc, ow(, OowWc, owc,
OWC+2%, OWC+2%, OWC+2%, OWC+2%,
OWC+4%, OWC+4%, OWC+4%, OWC+4%,
\_ OWC+6%/ \_ OWC+6%/ \_ OWC+6%/ _ OWC+6%/
3107 3.7 fnwaziBadunanvesiudieteyad 2 Munuada
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UNH 4

Nﬁfniﬁﬂ‘tﬂ!!ﬂ%ﬂﬁ%!ﬂ’ﬂ%ﬁﬂﬁ

41 Ui

UNTAATIEHHaMINATe UAEIVeIR AN (Subgrade Soil) UADAUUULIY
V1M T34 (Standard Proctor) ﬁaﬂﬁ;wﬂﬁauﬁ'ﬁwmﬁuuﬂmﬁﬁﬂﬂdw Portable Cone
Penetrometer test 130 PCP test U1 California Bearing Ratio #30 CBR mmgmuuu"lajmﬁ
111 (Unsoaked) HaziuuT (soaked) Tudolfiian1s Taedaeg19AuAun1e (Silty Sand,
sM) I@indumauiiiuaudivazifeaseuriuaznsuues 200 (Fine content) 11
Usurmane i gege luldinudesas 6o ez mualSuian M um I E (Optimum
Water Content, OWC) ﬁ OWC-6%, OWC-4%, OWC-2%, OWC, OWC+2%, OWC+4% ,
OWC+6% 31U 2 ¥ARIDE19 HANITNATOUAY PCP test mmﬁm‘iﬂqaawﬂﬁqﬂénwmm
a3 1aunuiaeannuduiuS A1 CBR uaza g (Dry density, Yq) Haiiuied

k)

Y a2 9 o 1 v a o
ladoyan ez ligmanuauamnimmsuasaaufunig

M13190 4.1 HAMINAADY PCP test AUAUAUNNHANAIUAZDIAVADAULUYAN |

Fine PP T izt Dry Soaked Unsoaked
No. content f ’ 4 o Density CBR CBR PCP test
(%) %) () (gem) (%) (%) (cm)
1 15.0 59 4.45 1.80 5.2 20.1 16.91
2 15.0 59 6.73 1.86 5.8 19.4 15.28
3 15.0 5.9 9.10 1.93 6.7 18.4 13.36
4 15.0 5.9 11.40%* 1.97 7.1 17.2 11.36
5 15.0 5.9 13.01 1.94 6.5 15.9 9.64
6 15.0 59 15.10 1.87 5.6 14.6 7.66
7 15.0 5.9 17.40 1.79 4.8 12.7 5.15
8 30.0 6.3 7.88 1.77 4.8 18.4 13.95
9 30.0 6.3 10.13 1.83 5.4 17.2 11.98
10 30.0 6.3 11.71 1.87 6.0 16.6 10.77

11 30.0 6.3 13.91* 1.89 6.6 15.6 8.96



M319% 4.1 WANMINATDY PCP test AUAUAUNWNANAIUAZIDIAADALLUUYAT 1 (D)

Fine L Soaked
No. content P’ 2 (‘:‘i) Dry Density CBR Unsoaked CBR  PCP test
(%) %) (%) (gem) (%) (%) (cm)
12 30.0 6.3 16.01 1.83 5.5 14.1 6.84
13 30.0 6.3 17.90 1.77 4.6 12.4 4.68
14 30.0 6.3 19.93 1.71 3.7 10.5 2.34
15 45.0 8.5 9.50 1.71 3.6 16.6 11.91
16 45.0 8.5 11.48 1.75 42 15.8 10.34
17 45.0 8.5 13.41 1.79 4.9 14.5 8.38
18 45.0 8.5 15.43* 1.82 5.1 13.2 6.51
19 45.0 8.5 17.53 1.77 4.4 14.1 3.58
20 45.0 8.5 19.10 1.72 3.3 12.4 1.34
21 45.0 8.5 21.43 1.65 22 10.5 0.00
22 60.0 11.3 10.02 1.68 10.31 14.7 10.31
23 60.0 113 11.97 1.72 8.04 12.9 8.04
24 60.0 11.3 13.81 1.76 6.06 11.5 6.06
25 60.0 113 15.94* 1.78 3.69 9.5 3.69
26 60.0 11.3 17.88 1.75 1.17 7.1 1.17
27 60.0 11.3 20.02 1.69 0.00 4.1 0.00
28 60.0 113 21.98 1.63 0.00 1.2 0.00

* Water content at OWC

M3 4.2 HANMINAADY PCP test TUAUAUNWHANAIUAZIDIAUADALLIUYAT 2

I PCP test @

Fine Dry Soaked Unsoaked
No. content P’ : il Density CBR CBR PCP test
(%) (%) %) (gem) (%) (%) (cm)
1 31.1 6.5 8.11 1.74 4.1 18.4 15.00
2 31.1 6.5 10.21 1.79 45 17.4 12.53
3 31.1 6.5 12.18 1.84 5.4 16.7 10.81
4 31.1 6.5 14.09* 1.88 6.3 15.5 8.84
5 31.1 6.5 16.08 1.83 5.1 14.2 6.29

6 31.1 6.5 18.04 1.77 3.9 11.0 2.67
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M3 4.2 WANINATOY PCP test NIAUAUNNHANAIUAIDIADATALUUYAT 2 (41D)

Fine it S Soaked Unsoaked
No. content P’ it ! :._‘:, Dry Density CBR CBR PCP test
(%) @) %) (gem) (%) (%) (cm)

7 31.1 6.5 20.10 1.71 3.5 8.5 1.10
8 40.0 83 9.12 1.7 33 17.2 13.06
9 40.0 8.3 10.98 1.73 3.7 16.6 11.67
10 40.0 8.3 13.03 1.79 4.4 15.9 10.27
11 40.0 83 15.11%* 1.83 53 14.6 7.37
12 40.0 83 17.08 1.78 4.4 13.1 5.63
13 40.0 8.3 19.12 1.72 3.6 11.3 3.56
14 40.0 8.3 21.14 1.66 32 7.7 1.02
15 50.0 9.4 9.85 1.69 3.0 15.7 10.23
16 50.0 9.4 11.78 1.73 33 15.0 8.81
17 50.0 9.4 13.81 1.78 3.8 13.9 7.01
18 50.0 9.4 15.80%* 1.81 4.5 11.8 4.73
19 50.0 9.4 17.86 1.76 39 10.4 3.21
20 50.0 9.4 19.75 1.70 3.2 7.1 0.94
21 50.0 9.4 21.84 1.64 2.8 5.7 0.51
22 60.0 10.1 10.04 1.66 2.3 14.7 9.33
23 60.0 10.1 12.06 1.71 3.0 12.8 6.71
24 60.0 10.1 13.93 1.76 33 12.0 5.32
25 60.0 10.1 16.02%* 1.79 4.0 8.5 2.10
26 60.0 10.1 17.94 1.74 2.6 54 0.72
27 60.0 10.1 19.96 1.68 0.9 1.2 0.00
28 60.0 10.1 21.93 1.63 0.0 0.0 0.00

* Water content at OWC

42  anvimsuaon
v A o & a <3 = o QQJ’ A a
MNMITUAtaAuAUNNFuduAulaaziDea IUIUNIKLA 2 gD AunTielu
AuALNoU (Silty Sand) ¥30 SM 1azAUNI1wYUAUMTET (Clayed Sand) W30 SC lagns
nanlsuimdiuazidon (Fine content) ludlsuiaaisg 1n ldsuiudiedeau 2 ngu

@ 1 a Aa @ ] I a v [ a [
AIDYN AT 4 FUA iau‘lﬁ'ﬂum%mﬂu 8 BUA NI ﬂi”l?\lﬂ”liﬂﬂ’f]ﬂsllﬂﬂﬂuﬂuﬂ"lﬂnﬂ
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'
3 IS} =

Medrfianvaziiuszalini yaveaidsn TaoaanuudunRagega (Maximum  dry
density, ¥q may) HAMUsAUIUTI157 89 1.96 uay 1.61 89 1.96 nSudegnuIAn
UALATAINEIRY FeTauduiuslasaseafulTinasinang ey (Optimum ~ Water
Content, OWC) tazil5uadiuaziden (Fine content) TaorSuaniuvng auazdSunad iy

= P o I ¥ ] Y a o Ao @ A
ASLIANUIN ‘1]$“V]'lclwulﬂﬂJWMLLUHLLﬁQGII’ENﬂuUﬂ@ﬂWGH !Lﬁﬂ\‘lﬂ\izﬂﬂ 4.1uUa% 4.2

Silty sand (SM) +15%Fine content Silty sand (SM) +30%Fine content

Dry unit weight, g, (g/cm”)
N
&
Dry unit weight, g (glem?)
N
&

T T T T T T T T
2 4 6 8 10 12 14 16 18 20 Water content, w (%)
Water content, w (%)

(a) (b)
2.00 2,0
Silty sand (SM) + 45%Fine content Silty sand (SM) + 60%Fine content
1.95
1.9 4
1.90
Lo Ea
2 185 . 2
2 > 184
g b :
S 180 o% =
‘D
2 @fo E 174
E 175 N =
> )
ol
QO 170 a "
1.65
1.60 T . : 15
5 10 15 20 25 5 10 15 20 25
Water content, w (%) Water content, w (%)
(c) (d)

~ v A a . A 1 = .
519 4.1 anmsuadanunIeuauazneu (Silty sand) NWaruaINaAZIDEA (Fine

v
content) 1A IMIINTBEAL 15, 30, 45 1AL 60 MUAINY
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Clayed sand (SC) + 31%Fine content
2.0
>
£
o
kS
F 191
£
(=
D
Z 181
c
=3
o
a
1.7 4
1.6 T T T
5 10 15 20 25
Water content, w (%)
(a)
Clayed sand (SC) + 50%Fine content
2.0 4
“E 19
g
2
<33
£ 18
D
s
€
=3
> 174
a
1.6

T T T
5 10 15 20 25

Water content, w (%)

()

Dry unit weight, g, (g/cms)

Dry unit weight, g, (g/cm’)

2.0

64

1.9 4

1.8 4

Clayed sand (SC) + 40%Fine content

5 10 15 20
Water content, w (%)

(b)

2.0
Clayed sand (SC) + 60%Fine content
1.9 4

1.8 1

174

1.6

15

T T T
5 10 15 20 25

Water content, w (%)

(d)

517 4.2 nswlmsvadadunseuduMile) (Clayed sand) NWaNAIUALIDEA

Y
(Fine content) Iagniviinsosas 15, 30, 45 uag 60 MUSIAL

25

1 ' a @ { 1< Y a
AANUUBUIAIGIN (Vg max) VOIAUDASANAARL 1TumamIDINAIRS TN TAD

4 =y ar 1 ﬁ; l:l g = 1 = d' ‘3‘
(Plasticity Index, PI) luaualedanmuay anlSsnaadiuazidea (Fine content) NWEUINY

Y 1 =) [ = . A ' a 1 = A
L"]J"Ill']J IFUASINUNTANYIVDN Siswosoebrotho et al. (2005) amundsunudivaziven 0

v Ed o ' 4
L‘Wi\l%uiﬂﬂﬂ’ﬂ‘?ﬂﬂﬁg 4 ﬁu"lﬂ %37111%?11 PI ﬁmwmwumﬂﬁmumwaﬂszmmﬂmmmuuu

UGG (Vg max) VOIAUUADATHAAR 1A
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43  wanaaeuMPUe1s (CBR) HazANN&UWUEAUANIINATIBEANATD
PCP
iletimsnage A INARIBYANATEL PCP test (PCPF) luluaduvadalu
iz it (Unsoaked) 1dnir Tnaeeummdiionuny lusii1 (Unsoaked CBR) 92
laanuduiuiulsiuaudun1auIngzniam CBRynsoakea NMUANTINA PCPF Tasdu
FeereitilSuadiuazBon (Fine content) TulSunmun wisiadsiinarain (Plasticity

Index, PI) 31001 Huur TEuIRAY CBRyunsoakea  102A1 PCPF Mid1n1n udasnagili 4.3

iag 4.4
25 - -
Compacted subgraded soil, Silty sand (SM)
20 -
ks
< 15 -
)
<
>
nd
B 10
2
y —e— +15%Fine content (LL = 9.2, PL = 3.3, PI =5.9)
5 —&— +30%Fine content (LL =11.1, PL = 4.8, Pl = 6.3)
A —a— +450%Fine content (LL = 14.0, PL = 5.5, Pl = 8.5)
—&— +60%Fine content (LL = 18.1, PL = 6.8, Pl = 11.3)
*
O T T T T
0 100 200 300 400 500
PCPF (N)
d' [ v 4 1 = = o [} ] : [ ]
gﬂ*ﬂ 4.3 ANuduWUsTEnINAm B0 150D Tudh (CBRynsoakea ) NUAMTING

Meganadou PCP (PCPF) uniaunioluduagnou (Silty sand) Uaon

1 ¥
AnauaIuazdea (Fine content) Iag1imiindeeay 15, 30, 45 Lag 60
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# Compacted subgraded soil, Clayed sand (SC)
20 A

15 4

10 4

%CBRnsoaked

—e— +31%Fine content (LL = 16.3, PL = 9.8, Pl = 6.5)
54 —&— +40%Fine content (LL = 18.8, PL = 10.5, PI = 8.3)
—aA— +50%Fine content (LL = 20.5, PL = 11.1, Pl =9.4)
—&— +60%Fine content (LL = 22.0, PL = 11.9, P =10.1)

0 T T T T
0 100 200 300 400 500

PCPF (N)

~ v o 1 == o ot |: [ [
gﬂ‘n 44 ANUTUNUTIZHINMTU5UUU 10051 (CBRynsoqkeq ) NUAMLTING

Meganadol PCP (PCPF) va3aunsoludumiion (Clayed sand) Uaoa
E

NnaruaIuazidea (Fine content) Iaeriviindesay 31, 40, 50 ag 60

D.

= Y1 1 A J @ a a 1 o v A < = . . .
DaNAMFBT U AUMUTHAYDIAY LATIMTUAUIAAZIDUA (Fine grained soil)
AMANTANNNENINETU) VOIAY 1Y MANAVAN (Liquid Limit, LL) uagmnnanalgan
. L. As A Y ' 1 et o ' = A o ' v choh J A
(Plastic Limit, PL) HONTNAUBYADAIFUDIT UATITINADINUONTWAADAIFUDITUINNAD
oW a ] - 1 = < = o o ]
MATINATAD (Plasticity Index, PI) Na1IA0 A1 CBR vosauiinazdeavzil sunRuny  m
¥
ar  ar o w o 1 J [ 1
PI (Patel & Desai, 2010) #3171 3981150 MIANUFURUTTL1I9A CBRisisosnen: MUNTIAY
Y
ﬂﬂﬁ’aﬂﬂgﬂmﬁau PCP (PCPF) 9046198 19AUNIEBINqUAI0E1N (394 8 BUAgDY) 11111
o 4 ¥ W o = @ 9 . [
FIAUNONIANUTURUTIINVIAUAUNINUADA (Compacted subgrade soil) 18 dranaaelu

g1 4.5 Wuaumsoniids dafl
CBRunsoak,ed = 2'086[PCPF)0'36 (4.1)

A Ay P AAa v a0l
V3] CBRunsoaked 313 3é)Hﬂ%ﬂlﬂ\im%‘]féﬂiu‘iflfluu“lm1

1 J = ] < a o
PCPF Ao ﬂTlL‘i{Iﬂﬂﬁ’Jﬁl PCP test WU uiIAuY N)
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25

Compacted subgraded soil
m  Silty sand (SM)
20 - A Clayed sand (SC)

3
X 15
)
5
& 0.36
8 104 CBR, ., = 2.086(PCPF)"
L
R% = 0.037
5
O e ol T T T T T
0 100 200 300 400 500 600
PCPF (N)

~ as aw o [ I A 4 1 [] 2’ w 1
gﬂ‘w 4.5 anuduiussznnemdiensuuy i (CBRynsoakea ) DUAILIINA

(PCPF) ¥93aUAUNNUADA (Compacted subgrade soil)

44 anuduiusszrean)Snanh mussnanazadsiinaradn
ﬂ?umsfﬂuﬁumﬁﬂﬁﬁﬂ%waaEiNﬁJ1ﬂ1uﬂ13uﬂﬁﬂﬁuiﬁ’"lﬁ’mmuﬂuqqqmmﬁ
A1ua ﬁﬁu%aéfmmmmﬁ'uﬁuﬁﬂaaﬁaLLﬂimﬂ%’mgawamﬁmmu PCP test W13
nuniaesinneSinmanuiy w) lududumaasa ieasivasuiuiiunisuasanui
95 mani iz an (Optimum Water Content, OWC) vioijumsuasaaumaguilen
(Wet side of OWC) %3019 1UUHY (Dry side of OWC) G%&muuﬁmmf:agﬂugﬂuwﬂaﬁﬂi?u

/1A (Linear function) fananslugilil 4.6 nazaunisii 4.2
w = 20.707 — 0.032 (PCPF) 4.2)

[l Y [
e  w fe fesazvesdSunanihluduuade luvameh PCPF @i Ausinadioya

= ] < a o
nagou PCP vl uiInu (N)
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25
Compacted subgraded soil
m  Silty sand (SM)
20 A (Clayed sand (SC)
S
= 15
5
[
8
o 10 o
kS
©
= w = -0.032(PCPF)+20.707
51 R? = 0.920 .
0 T T T T T
0 100 200 300 400 500

PCPF (N)

{ v o J J a oy =] o @
51U 4.6 ANuAURUTIZHINTUIAI (Water content, w) TuAUAUMILADA

(Compacted subgrade soil) NUAWTINA PCPF

1 Y

Lﬁﬁ]ﬂlﬁ!ﬂﬁﬁ11418?111]‘53J1t1!ﬁ1{Wa1&:r content, wW TuauAuNIIuAoa (Compacted

. 1 o d? = Yy Y @ w o w a0 o @ A @  oaw  d

subgrade  soil) taiudvu V¢ ldasuduiusvosdulsndidy 3 dawilse anuduius

Y
sen19mUS i (w) Auseana (PCPF) agasinaiaan (Plasticity Index, PI) ALEAS
Tuz17 4.7 naza$ruuuvusiaes Aronaneenynm (Multiple Lincar Regression) #901519% 4.1
nuNamlsasana (PCPF) uazuazmaytinaliaan (P) 193aUUADA a1415995U18
@

' = o g = w . IS ) '
anvsrlsvesasunanih luauuada 1dseeaz 95.1 R = 0.951) uaziludiinnean
a 3’ a [ Y 1 A v o W aaa [ =W d‘!
Ysuaniludu uada (w) ldedridedidgnieadanszay 0.01 IArnnuaaIandou
mmgmmmmiﬂzﬂizmm (Standard Error of the Estimate, SEE) Ti'”lxii]”lﬂlf‘s’f)uﬂﬂaﬂﬂ

Tagsouminuiovay 0.979 nanslnizioanoenygauiowiuaumsneInsain 4.3 dail
w = 25.712 — 0.036 (PCPF) — 0.526(PI) 43)

[ ¥ 1
e w ap Sesazvelsuannusuluauuade luvaizn PCPF Ao Awsina

9 A A = ] I Aa o - v v A = = [
AYLATOIND PCP Invetuiiau (N) tag PI A9 A159802U03AYUNANTANUDIAUUADA



{ a 4 4 o 1 a 09/ a v o
A15190 4.3 Wﬂﬂ"li’llﬂﬁg‘ﬁﬂﬂﬂﬂﬂWﬂﬂmLﬁ@VHU”lﬂﬂ"lﬂﬁﬂmuﬂuﬂuﬂuﬂﬁ‘ﬂﬂﬂﬂ

daunls G Mdulszans 't JLAU
Fulszant DAN0ININTYIY HodAny
2A000Y
ATINA Gy -0.036 0.001 -30.616** |  0.000
mastwaIaan C.,; -0.526 0.082 -6.375%* | 0.000
Anadi 25.712 - 31.227 0.000
R’ = 0.951, SEE =0.979, F = 517.074, p-value =0.000, R =0.975

** 5zAUNIAIADY 0.01

Compacted subgrade soil

|
A

Silty sand (SM)
Clayed sand (SC)

25

20

15

10

Water content, w (%)

200
300

PCpF (/\I) 0

{ v o J 1 a g’ g = w v
JU7 4.7 anuduiussznafFunmii (Water content, w) luauaumavade

(Compacted subgrade soil) NUALTINA PCPF LazmAsUnaIaan

(Plasticity Index, PI)
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Y

o d !
45  MIMMNEMANNUHUUES (Dry density) HazA@L013 (CBR) 11193

W A U .
AVANAUMWNUVABAAUAHNIE (Compacted subgrade soil)
4

TuMsAIUAUANNNIULASAAUAUNIITY IAINTHODNUUVILAIHUANIATTIUIEN
A o v 9 1A J 1 oy 1 3 Ao 4
MhuuasadlemFiersuuuusii (Soaked CBR) mMuanasgiutaazsun1animua’l’ uag
MuAuAUAMMIUAdAaUTUIUEUI (Field density) A18AIAIMUUULKT (Dry density)n30

Y

e miinuda (Dry it weight, ¢, dwsoutamsiteaidinan lddu s sl

Y
fage T
o 4

451 nsauadaaundIinaniuviingay (Optimum Water Content, OWC)
Tumsuadaauduniedlredsuaiunuizan (OWC) GRIREDTGERE
o o == o' 0,,; ] |2’ 13
puusiaeiemFtons lanauy linai (CBRynsoaked) M0y U¥U (CBRsoaked)
1 L { o o o
drwamsang PCPF awaaalugili 4.8 Tugalugiuuuitendunduase (Linear function) A9
~ v w ' 1A 4 Vo v 1A o
AUNITN 4.4 182 4.5 ANUAUNUTIZNINMFUDITUVULFU (CBRpakeq) NUAITUDITUUY
] .3’ J 1 4 lcgnl o @ d o 1
Taius1i1 (CBRunsoaked) wennHuaIMFters uunwi (CBRpakeq) OITUNUTNUA
H - . . g d e a
mmuuuuﬁ’qugﬂ (Maximum  dry  density,C; ) ]ug_ﬂuuuﬂ‘m%u InaTwilea

(Polynomial function) uaAsRagLil 4.9 1Az 4.10 SauMIh 4.6 uag 4.7
CBRynsoakeqd = 6-598 + 0.0360(PCPF) (4.4)
CBRsoqkea = 2.958 + 0.013(PCPF) 4.5)
CBRsoqkeq = 6.634 — 0.629(CBRypsoakea) + 0-039(CBRynsoakea)” (4.6)

CBR.yuioq = —281.73 + 290.22( ) —~ 72.882(¢, 4.7)

. 2
}d,max ,max)

510 CBRyygreq 102 CBRyncoaredn® J00az103m @00 5 v0s@ U UM euAsa 1Y
anmzuhuas liusi ey
PCPF flo mussnadvganaaey PCP Hwnidailuiiadu ()
% winae filo MR ULTIgaga (Maximum dry density) YBIAUAUNINUADA

{ |a g’ 1 o ' d a
nfsunanhuinzay (OWe) imizailuniusegnuisimuangs (gem)



Compacted subgrade soil at Optimum W ater Content (OWC)

u Silty sand (SM) with Unsoaked
25 — [m] Silty sand (SM) with Soaked
A Clayed sand (SC) with Unsoaked
g A Clayed sand (SC) with Soaked
X Unsoaked condition
o 20 + seeeee Spoaked condition y 2: 6.598 + 0.036x
[an] =
) R =10.972
1=}
= 15 -
[a et
(=)
=
8 10
o
.©
& &Loo.!".....n
E 5 .oOﬂuooﬂ..“..
= Avesssaireneiatt y = 2.958 + 0.013x
& R =0.953
0 T T T T T T
0 50 100 150 200 250 300 350

PCPF (N)
A ar w o ' 1A {3 ] [ 3" ' :J
gﬂw 4.8 ANVAUNUTSZHINMFDersnauy Tunai (CBRynsoaked) M1azuyU

(CBRpqieq) NUAMSINA PCPF vo3auAuN1UA0AN OWC

10

Compacted subgrade soil at Optimum Water Content (OWC)

M Silty sand (SM)
A Clayed sand (SC)

028 A
om
CBR, oy = 6.634- 0.629(CBR,_.) + 0.039(CBR, _..)°
21 R*=0.960
0 T T T T T T T
4 6 8 10 12 14 16 18 20

%CBRunsoaked

~ v w ' = g ' 3‘ @ 1 AA I ' oy
5UN 49 ANuANRUTIZHINATTHDUNT (CBRsoareq) NUAIED015 MUY Tainani

(CBRynsoakeq) V090 UAUNINUADAN OWC
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Compacted subgrade soil at Optimum Water Content (OWC)

8 T M Siltysand (SM)
A Clayed sand (SC)

A

%CBRsoaked

|
4 1 A

CBR, g = - 281.73 +290.22(q ) - 72.882(q )’
R*=0.967

2 T T T
1.7 1.8 1.9 2.0 2.1

3)

Maximum dry density, ¢, (2/cm

317 4.10 AduiLE TSN (CBRgpgkeq) MUAMNULUULTA

990 (Maximum dry density, ¢, ) VoIRURUNIILASATR OWC

> <d, ma

f?m%”mmui‘immﬁmwﬂ1mmmiuuﬁ’qqaqﬂ (Maximum dry density, )

ﬂjamuﬂumwmﬂﬂummauwu ﬁﬂﬂﬁuiﬂﬂﬂﬁﬁﬂm?ﬂﬁﬁﬂ PCP (PCPF) IFUNY HINUA

v
‘d, max

1w

a a @ <3| a o w - o ' q o
mdulszandvesdmdniumvduendidedasannn (109 i ld liazaanlunisiunld
v
Al Arneae ldidusnundiaesiiutea1nuuuuuRIgega (Maximum  dry

Y
density, Q’d o ) mmﬂuﬁumqmé"ﬂﬁ"mmﬂﬁmmﬁwmmmm (Optimum Water Content)

Ay

TagldndnmsmuensMnsuadaued Joslin (1959) N33nAUAAD 313 Ohio (Ohio curves)

U

[ o 4 1 1 1 a
vz Idnnuduiuszniemnnuuiuniagaga (Maximum dry density, Qo) VOIAU

[ YY) 1 a g’ ~ 1 v g .
Aunuadanualsunaniuvinzay naaalugi 4.11 eglugiuuuilandudunsa (Linear

function) A4AUNITN 4.8

Vamax = 2437 — 0.04 (OWC) 4.8)
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We g, Ao MANuuHLUAIgega (Maximum dry density) ¥99a11ASA i

oo o 7 = 3 d' Ay a J
WUPJEJL'IJUﬂﬁﬂ@]ﬂgﬂﬂ1ﬁﬂlcﬁu@ﬂlﬁi (g/cm) Glu"'llmgﬂ owcC no 3aﬂﬂ$ﬂ]ﬂﬂﬂim1mu1l1’iu1$ﬁu

TuduAunsuada
Compacted subgrade soil at Optimum Water Content (OWC)
217 m Silty sand (SM)
. A Clayed sand (SC)
™
IS
O
@ 2.0 A
g
U)U
>
B 19
5
Pea)
=)
é 1.8 O, e = 2437 - 0.04(OWC)
E R*=0.977
=
1.7 T T T T
8 10 12 14 16 18

Optimum Water Content , OWC (%)

{ v o 7 ' 1 1
70N 411 Aanuduiusznaneanueiueigega (Maximum dry density, ¢, )

Y
VOIAUAUNNUADAN VTN ay (OWC)

452 nisluadaaumuienvesdSananinvinzan (Wet side of Optimum Water
Content)
Ly u = [ Y a g’ kY = = :
lupsuaoaaudunealsdsnatihanudenve sdFuaiunune Ty (Wet
. Y o o [ < -.z 3/ == o
side of OWC) 113 0a 313U UURDIMMIMFUDITHVVLFUT (CBRspqreq) AIOMIFUDT
[} 1 :‘I = o o ] » o
R TE TR FYTE IR (CBRynsoaked) A lannaumsn 4.1 AreaNuduiussznIemaiions
1 oy ar 1 1 ] oy Y] 1 3
uUDLF (CBRgoageq) NMIAFT015100 Tiug111 (CBRynsoakea) Maasdazi 4.12 Taoiiy
o . . [ { o w o o ' 1
UMD FUdUATY (Linear function) AvaNMSH 4.9 msunuuSiaeingmnuLLl
Y Y
1114 (Dry density, ¢, wl¥aSunaniduilenvesSnaniuninzay (wye,) tiudinne

@ A =1 J o . [ o @ A
ueraanegld 4.13 Taodugiuuuflenduduase (Linear function) 1uRedN Y Aaaun1sh 4.10

CBRsoaked = 0-391(CBRunsoak,ed) (4.9)
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Va = 2.322 — 0.032 (Wyyer) (4.10)

1510 CBRyyareq 102 CBRunsoareq A0 Y000zU0IM 0170098 uR UINIUASA 1Y
anmzugiiuay liuanh awdiey

Ya A9 MANUUUULTG (Dry density) vosauAumanada Imiiaiuniude
AMNASHUALAT (g/em)

=) F a g’ a [ 9 = a g’
Wiypee 10 J0azveddimaniiluduuasanieaiudonvesdsuaninvniizan

(Dry side of OWC)
8
Compacted subgrade soil, Wet side of OWC
[ |
MW Silty sand (SM)
6 A Clayed sand (SC)
B
¥
5 ]
e}
g
2 -
CBR,_eq = 0-391(CBR , o oked)
R®=0.942
0 T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
YCBRunsocked

~ w oo d ' 1ot 4 v:l o = 4 ] l:l
U7 4.12 Anudius I INMT I uUUNTIN (CBRspakeq) NUATU05HDY T1iuain

(CBRynsoqkeq) V09AUAUNIUASAAIUITIEN (Wet side)

A (Y 1 1 4 1 3’ \ < " " Z
mngﬂ‘n 4.12 wunsasdumaiersuuuuniwodhonsuuy laiuin (CBRsoaked’
CBRynsoakeq) HAUNINY 0.39 IndiReaiuman1s@ny1vod Patel & Desai (2010) AWUN
() 1 [ 1 09} [ 4 [ 1 oy = =1
sasraumMFtorsuuuusimediersuun luusin (CBRspgkeq/CBRunsoakeq) V0 IAULIA

=S S 1 1 2
azIAlANNINY 0.50 Tagilszua
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2.1
Compacted subgrade soil, Wet side of OWC

2.0 1 W Silty sand (SM)
A Clayed sand (SC)

=
©
1

o
u
1

Oy o = 2.322 - 0.032(w)
R®>=0.971

Dry density, g, (g/cm3)

1.6

15 T T T T T T T T
8 10 12 14 16 18 20 22 24 26

Water content, w (%)

{ v o d v ' 1 = W %
gﬂﬁ 4.13 mmﬁu‘wumw’mmmmuuuuﬁ’q (Dry density, ¥4) UDIAUAUNNUADA

Y
fFulsuaniidualen (Wet side)

453 psaluadaAuMMuniaveslSinaninrinzan (Dry side of Optimum Water

Content)
v a o Y a :j Y ¥ = gl
El‘Llﬂ15Uﬂ@ﬂﬂuﬂuﬂﬁﬂ3&ﬂiﬂ1mu1ﬂ11!L!Hiﬂﬂﬁﬂiﬂ1mu1lﬁu1$ﬁu (Dry side

s @ o 1 1 4 ] 3’ [ 1 4 1 ] g‘
of OWC) ANUANNUTTEHINMTTO15UuUVUTT (CBRgpareq) NUMTTOS DD Taitaain
[ = ) o Aa = w = o 09.: '
(CBRynsoakea) 03 Tiiilumnnm Tasyunvyiavesanu uaasaagli 4.14 daiulunmsms

CBRsoqkea MNMANUULUIRT (g,) 1AAAIFUN 4.15 TugduuuiladFuduass (Linear

function) FAEUATT 4.11
For Dry side, CBRsyqrea = —24.459 + 16.261 (y,) (4.11)

A =] 1 1A 4 a [ [ ] g’
110 CBRyqkeq AP 30002004MFUDITUDIAUAUNNUADA TUAN1IZUBN

v v
¢, A0 AINMLULEY (Dry density) VosAUAUNIIUASATIUTINAIA NS

' = [ J a
(Dry side) InaaunSuApgNUNANEUAINAT (g/cm)
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1

|
N

%CBRspaked

Compacted subgrade soil, Dry side of OWC

—@——  Silty sand (SM)+15%Fine content, Pl = 5.9
— - — Silty sand (SM)+30%Fine content, Pl = 6.3
——-l-—— Silty sand (SM)+45%Fine content, Pl = 8.5
ensssfsssss  Sjlty sand (SM)+60%Fine content, Pl = 11.3
10 — —&—— Clayed sand (SC)+31%Fine content, Pl = 6.5
e Clayed sand (SC)+40%Fine content, Pl = 8.3
—— -4 —— Clayed sand (SC)+50%Fine content, Pl =9.4
8 essssghsssss  Clayed sand (SC)+60%Fine content, Pl = 10.1

6 - =
A W8
| 2.
MWececen, SN~
4 4 "0........ = .. = m
.--’A.,‘".-.. SA ' N
eellm
‘A
2 4
0 T T T T T T T
6 8 10 12 14 16 18 20 22

%CBRyunsoaked
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ar o d ] 1o 4 1 3’ o 1 4 1 ] 09;
4.14 AaNUANNUTILHINNAMFUTUUULSUY (CBRsaked) numdtersuuy luugi

(CBRynsoakeq) VOIAUAUNIILASAAIULTS (Dry side)

%CBRsoaked

8
Compacted subgrade soil, Dry side of OWC
71| m s "
ilty sand (SM)
A Clayed sand (SC)

6 -

5 -

4 -

. A A CBR_,, =-24.459 + 16.261(g,

R*=0.933
2 T T T
1.6 1.7 1.8 1.9

Dry density, g, (g/cm3)

@ v " T A 4 .3’ ol 1 [l 9
ANNAUNUTIZTHINMFUDITUVULSU (CBRpqreq) NUATANULUULNY

(Dry density, ¢,) YDIAUAUMIVASAA UL (Dry side)

2.0
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o [ [ [ 4 1 1 1 . E=Y [
dmsuanuduiussEImIANuIiuIEY (Dry density, 7,) YoIAUAY
Y Y
v a o a o . o 1o
meuasanulsmanidudaestSunaniuningau (Dry side of OWC) &a'laiiluannin
2 o a a @ A o 3 Y o ' ' EY
Taguurtinuesdn naaeragli 4.16 3uiudoaiinmg normalize MAMIHARS () YD
¥
a @ @ ' ] o 3 a 0
auuadalasmImsdsannuuiuuiagega (g, ) 1agiinig normalize A1yf5uanirly
a @ 9 Y 5 Y 1 a :’ @ ~ 14
AuuAsa MUIEL (Wary) Taemamsademlsmnainnngay (OWCe) nanaegii 4.17 14

I Jd o . @ A
Wugunuilandudunsa (Linear function) Aeaun15h 4.12

S < B Wary
(Yr.i. mﬂx) = 0.841+0.16 (OWC) (412)

10 yg U0 Vg, max NO AMNUIHULRILAZANUUUULAIZIEAVDIALLA
[ o W 1 o o 1 o =
8o sy Imboduniudognunanauamuas (gem’)
A 3/ a dy a v Y Y .
Wary 102 OWC Ao Sovazvoilsunannuduluduuadadiuuia (Dry side)

v 3y
uazﬁ1J'immmm%ummmmmﬁwﬁu

Compacted subgrade soil, Dry side of OWC

—— Silty sand (SM)+15%Fine content, Pl = 5.9
— - — Silty sand (SM)+30%Fine content, Pl = 6.3
——-—— Silty sand (SM)+45%Fine content, Pl = 8.5
2.2 7 eseesllesees  Silty sand (SM)+60%Fine content, Pl = 11.3
——4&A—— Clayed sand (SC)+31%Fine content, Pl = 6.5
—_——k — Clayed sand (SC)+40%Fine content, Pl = 8.3
— — -4~ —— Clayed sand (SC)+50%Fine content, Pl = 9.4
esccedhecees  Clayed sand (SC)+60%Fine content, Pl = 10.1
"’E 2.0 A
2
=2
=
=
2 1.8 4
<5}
=]
>
(]
1.6
T T T T T T T
2 4 6 8 10 12 14 16 18

W ater content, w (%)

{ v o J 1 1 ] = W Y
gﬂﬁ 4.16 ﬂ3111fmwuﬁxmwmmmuuuuﬁ’q (Dry density, ¥4) YDI4AUAUNIIUADA

Y
AU A1 (Dry side)
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1.05
Compacted subgrade soil, Dry side of OWC

B Silty sand (SM)
A Clayed sand (SC)

é 1.00 1
m‘c’
a‘c
22 .95
‘D
o
©
>
o gl (GG, ) = 0-841 - 0.16 (w,,, JOWC)
R®=0.941
.85 T T T T
2 4 .6 .8 1.0 1.2

(Water Content , w,,.) / OWC

w o

319 4.17 anwduiusszninedasdumamnisieronuuiuIRgIga

U

Y
(ValV amax) VOIEUAUNIIDABAN USRS 1@ MMLTuBnhd i ade

W
YsInauiumue ey (Wg,,/OWC)

a d {
nMsanszidoyan ldanHanaaeuAIsgaNAdoD Portable Cone Penetrometer

o o 1 Ao 4 o
(PCP) Llagﬁ%ﬁ\ulﬂﬂéﬂWaﬂﬂﬂ']u']ﬂﬂ']ﬂ'Nc] ﬂ‘ﬂ’]!ﬂuﬁluﬂ']'if]@ﬂllﬂﬂ!lagﬂfl‘UﬂiJﬂﬂiﬂ]W\ﬂ“'}_ﬂﬂﬂ

=~

a o 1 o’z’ 9y < o 1 o
AUAUNINNA1INTU VBYaNATeY PCP test 11UM3IAAMIINA PCPF 310328 NATUAD
yosuadlseninannuI MU aRouvIAuAUN1IUAdANla1enItenzana1IaL (PCP

Cone) Nizozanadluau 20 taamasluaniizluugiin aoandeaiyu Black (1962) 1M1

~ v o

Y
ﬂW"Tf']J’E)"I{(CBR) ﬁmmcmwu‘ﬁﬁuﬁwﬁqﬁﬁumuﬁauuuﬂusz:msnii”u (Undrained  shear

u

strength, s;,) ﬂmmquﬁmaﬁmmuuﬂmummﬁu (Bearing capacity theory) Tﬂ‘c’léjﬁﬂyﬂﬁl

aSunuiaesinnemaion uun luumitazlSuanih luaudunsuadadieilanyuve
AwsIna PCPF u.axﬁmja%ﬂmﬁuﬁﬁmmﬁu (Index properties) Ao M Plasticity Index, PI)

1 ¥ ]
=

@ 1
Faa1)5unai1 (water content, w) luauuadannildvinflanFuvesamsina PCPF 1l iilo

e o o 4
i ldulSeuieusuardSunaniununzay (Optimum Water Content, OWC) naziinlvingu

%

1 v Aa o { g I [ { . .
uRMUUadaaUAuN I NNageuTiuNTuAsan OWC w30 aunlen (Wet side) N30

]

i
09: d o o a = :’ { v A
AU (Dry side) IntTududenlelanduanuduiusaisg awdsuaiiilduadaau

Y

[ 1 4 J 4 1 o 1 ]
AU uduansal Mogao 1w 1aa13ie1suuundti1 (Soaked CBR) HagAInMMULUULAY
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. a v Y dyﬁ v a o & o Ay Y Y dgl
(Dry density, y4) dm5uiluditisdinunimauuasaauauni dwuusiasi ldadsiu
Y Y
NHUAtNANUAPAAABINUAITANEIVDY Ramasubbarao & Siva sankar (2013) W31 N3
ll ' " 2 . . o { a 1 o
200919410 (Simple Linear Regression Analysis, SLRA) voddushlyinneadiions
Y [~ =1 =1 1 a 3’ Y
uu U (CBRspaked) vesawdinazoua laane myuTuaiumnzan (OWC) uazans
A o = oo a1 A ' v .
AR M1 uULNTTN (CBRsoqkeq) MMANIND AIAMUUUULEY (Dry density, ¥g) Az
mﬂﬁwmwu{imaﬂﬂﬂ%ﬁumﬁﬂﬂnaﬂwvg@m (Multiple Linear Regression Analysis, MLRA)
v F4 k4 4
Tagldaanilsiiunenssaaanifuesdu (Index properties) Auaaosdulsvulauldan
4 o w 2 a’/‘ 1 d? 1 A PR [
9158n8189a099 (R -value) Aaua 0.92 Y111/ azaioannnuaaianaou (Error) Iaiiuediauin
o I ¥ o 1 o d? v o d o HAq Y Y o o A 9
Wl lanainowiudriu agdanuduiuivesdndstldadanuuiaesiuena e ld

£
TunuauauAMNINNTUATAAY AS
CBRynsoakea = f(PCPF)

w = f(PCPF)vw3aw = f(PCPF, PI)
CBRsoaked = f(CBRunsoaked)

Yd, max = flowce)

o o'ti' Y o

4.6 ﬂ1'§ﬂ'57]ﬂﬂ@ﬂ!!ﬂﬂ‘ﬂ1ﬁﬂﬂﬂ1ﬂﬂaﬂﬂ1?{(’157]1“]17]114189\1'61

ﬂﬁﬁwu”lclgﬂ%ﬂﬁﬂﬂ Portable Cone Penetrometer (PCP) uazﬁ%’mmuﬁmmﬁmmwa

dy ] Y Y a 9 1 ] ) 1 A

NANANATOU PCP test T yutiuliinaanuazain ldnudie srelsendanaazalesig
TumsaugugammnuuasaauAuN I IuauIn (Field density) WANIIATIVTDUAIIN

[ Y Y
aaamasuveUIad lumsinneramalsuani luauuese (w) luduneuusnuas

@ ] Y Y
hansaniiluauuasa w) Amldluduaeunsniiainldlginnenaniauniuni
_ = s 1 3 us/' 1 % o 1 ]
(Dry density, y,4) voaauuasaaeiuiuaouiaes Felumsiuiomaninnunuuurs (Dry
. aa o c?‘:l ] A o Y A

density, ¥4) NaadiuaoutiimanuaaianaougIgasmnuiusavas 2.54 yuznlums
R ' P o & o 1 - H
Ru0Wan1 CBRynsoareq TITUTUADULTALAZYNA CBRynsoaked MY 1A 1UAUADULTA
9;0 o | a o 1 [~ 3 - b g £
1 1R uenam CBRyygreq V0IAULABARBITUTUABUNADY FalumTiiuIona
1 e 3 d’.’d 1 A ] I 9 ar
M CBRspareq NADTUADUTNMANNADIANADUGIZATINNUTUTDEAL 4.36 Aqudaalu
MINN 44 Famanuaatamaousmggalumslddwlsamsana PCPF lilvinunowa

v 1
AULUY a9 uTuaoua199 e ld 1an1A LU uLEe (Dry  density,  y4) Magd
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~ /g v Aa qa: A A A
CBRsparea NIF1HOUAIIANABAINAITUATAAUTIY WUIIAINIINADIAAADUIINGIFATN

- ,3 Qs_: 7 = A [ o ] ] VoA [ 2
Lﬂﬂﬂluuu11!\1114’Jﬁ’Jﬂi3llﬂ?J’ﬂNEWI"IH”IEJ?JQIL!%’N?‘I"ITIEJ@?J?UIIQ

M5 1N 4.4 wam‘mm%ﬁammuﬁmmGlmmmuaumﬁmé'ﬂﬁuﬁumq

At ol L Wet side of W_ ke Dry side of .. l
where : - ;
Lab. Predicted Lab. | Predicted Lab. Predicted
PI= 8.2 %Error %Error %Error
values values values values values values
valy
PCPF(N) | 198]  198.43 92.23 316.42
Water content,
W (%) 13.98 14.26 2.00 17.97 18.08 0.61 9.97 10.01 0.40
WAL, ) 1398
ey | 141 14 071 | 104 | 106 | 192 | 167 166 | 0.60
TER R Ly 1
o 53 5.4 189 | 4.1 42 244 | 41 42 2.44
-y density,
1] ;
M 1.85 1.86 0.54 1.74 1.75 0.73 1.75 1.77 0.57
Total Absolute Predici—‘d Error, For
Dry density, ¥4 2.54 1.34 0.97
Total Abso]ﬁ—:l:“"‘ﬁ"wd Error, For
CBRsoaked 2.60 436 3.04

v
Tumsauguagunmauuadaluaiy sgnevwaivgulinasi luduuasalila
v al v
anfsnaiiinzay (OWC) aniv nyviesiivzi i l¥lumsawquaunimauuadane
[ @ El

puudiaeInsamsuasanTuaitvnzay (OWe) mniv ualumslgiaauluauw

a 1 a oy Aa o uy o = «? Y ) 1
vieg luansonauquilsuaniluauuadald Idafsmanitvangan ldgndes uiueu

=} Y a oy a [ Y a va Y YR = W o
milounuminuquilsuaniuminzanluduuedaludelfians1a danuivaldninms
A59801  AIANNAAARARY (%Eror) e lymSuianihluduuadan OWC-2% uay
OWC+2% unuarlunuudiaesinuwiena nsaimsuasanlsuatiuvunzeay (OWC) au

a
aumsae 11/l

CBRvcoinen = 2.086(PCPF)36 4.1)
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w = 20.707 — 0.032 (PCPF) 4.2)
CBRsoaked = 6.634 — 0.629(CBR msoared) + 0.039(CBRynsoakea)? (4-6)
Yd max = 2437 — 0.04 (OWC) 4.8)

1 v
HamInINdeUANUAMAMADUYeILD Ao lumsineranA)Tinanih luau
a 1 Y Y
vada (w) lutuasunsndeaes Indiesdumlsuaniviungay (OWCe) uazianliuanh
I v Y
Tuguuada w) N ldlutuaeuusaiithlUldiunemasinnuivndsgega (Maximum
a o 1 I os/l { 3 J 3 1
dry density, Vamax) VOIAUUASAAIUTUADUNADY sAUNIADITUAOUTTNAIAIIY
] [ 3
amanaeugegaimuiiuiosas 8.98 vairilumsiinenan CBRynsoakea 1HIHADY
" Y Y
u3auaziim CBRynsoarea 11110 1uduaauusniivi lu1dunenan CBRpgreq V030U
@ 1 I qw; ; oj.: 3 e’.«l 1 4 o
vadadeludunouiasniu uisaesduneuudrlisinnuaaiamaougigaiaunuilu
v v Y [
fovar 7.68  awanilunined 45 Fanun delrelgadSnani luduuasan owce-
1 o o IS v d' a 3’
2% uar OWC+2% unumlunuyudiassiiviena nssimsuasandsunaiuvinzay
d.i. d' a d%l 09.:’ a =) 1 o 1 ] 1 d'
(OWC) anuaaanasusngegannaduiuluauimnisudedwaiiuneeglugiean
[ (- | o w qaj
gousu laruiy Tasagiiiluumunmuaasdriduduaou (Flow Chart) NM15AILANABAINGIY
a Y k2

UADA AUAUNT AVYYANATDUNITNEYNLAI UUUWNNWT (Portable Cone Penetrometer,

PCP) fanaadlugilin 4.18
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1 v ¥ )
A3NN 4.5 HANTATIVADVLUUIIA0IVDIANVAANLTaninwingaw Lﬁﬂi%}ﬂTﬁ’Juﬂilﬂu

a J v v A !
YSunanhduured oW c-2% wazddlen OWC+2%
g — At e —
where Lab. | Predicted Lab. | Predicted Lab. Predicted
%Error %Error %Error
values | values values | values values values
il
pPCcPF(N) | 254) 25419 308.80 184.06
Water
cOntopg
W4(‘0) 12.83 12.57 2.03 10.83 14.82
"?u' | 128
e 152 | 153 | 066 | 163 | 161 | 123 | 135 13.6 | 074
B0, |
oy ] 63 6.1 317 | 62 6.6 6.45 55 53 3.64
Dry density,
(g/cm3) 1.91 1.93 1.05 1.87 2.00 6.95 1.86 1.84 1.08
Total Absolute Predicted Error, For
Maximum dry density, | 3.08 8.98 3.11
Total Absolute Predicted Error, For 383 7.68 438




a
Unns

ayiwa

a W
51 agidwanuivy
a a e’dy Y a 4 =
eninusil IdlszAvguaz AnyganaaoUn1INZgNz a1 U WA (Portable Cone
Penetrometer, PCP) d1115UN15AIUANAMNINIULADAAUAUN (Subgrade soil) W3 OUIELD
f
AUMIHUIEMBATIAIUAEITVUTUUANIY (California Bearing Ratio, CBR) Wauyy laiuy
Y Y
11 (Unsoaked) 1zt 10931 (Soaked) a2 1118A1ANU IS (Dry Density, g,) VoIAU
Y
Aumauasa TasudsAuSunanusy (water content, w) tazmasinaIaAn (Plasticity
= o a 1 { 1 J .
Index, PI) &3 1d91nmsudlsAudSunaaiuazideairiuazinsasouiues 200 (Finer content)
4
aynamsie laaati

o U w

51.1  ganag@aumInggnsalwUUNNNI I UNIAIVANAUNINIIUUAS

S A J

J [ @ A a
Glgﬁmﬂﬁﬂ‘uﬁLﬂuu’mﬂﬁmmﬂizﬂyﬁ%u%mw FANATDUNITNEANTAIULLUY

3 Q k]
Y Y

WA (Portable Cone Penetrometer, PCP) Huuianziasa y1iivinwi (hmtiniseuia 2.60
nlansu) azaanlumsunm l)luaawnneadrafiviielnadeslfiidnis 133ns1dnTesile
Ao Y 1 A A o Y Ay o YA o ]
nadouii ldde lilimatiangenndudeundoserdodizermamniz uazdsansald
g Yy o a ' R v o
Nuganaaeuil iimsnaael (PCP test) 1dA18a1AUALI061959157 $r81d sz ndanal
1 Y I 1 o o dyr:s’ . o
sazga ldneiiuedaun vanmsmauvesganaaeutiluszuuna ln (Mechanics) #1015
a @ Y Ay [ dy 1 @ A A o Y
nageUdoUALUAA Iy 1dusinunanamdy usanatiazgnatonse lldsalsunedulnnge
A 9 A Ay ~ A a Y 1 ' o
nzanzanauliavasldludundesmsnadouiiies 20 daawas ud101UMITZIZUAIVDY
afsamauwaiadnignnszuennariussyadsanmeluauldiaeu lsndwmiaday
A I 1 a fa Y o @ A A 9
vusnuainafvaiugienag 10 fadwas naniszezgunadivesadianeuld luuilas
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IBMslFnuganaaen (PCP Test)

I. fowihinINATeuAI8 Portable Cone Penctrometer ¥3® PCP lffidouaaunau
wanadndmiueumszezguatvesalsunlidanulatenszuennais Fumsimizes
718 (Set 0)

2. thgganaaou lnadouAUAUNIIUAGA (Compacted Sub-grade Soil) Taoldiions
dostheuiidmsuvesganaden PCP 1ella1ouanveansIenzgnzaieau (PCP Cone)
asadumiaiidesmInaaey udIres senusINARNEANATEL PCP AauA IS e e
usilonavs luduadSalunszuennataliyudasdazarousanalii PCP Cone 19inzg
nzareanasllluAuuasa ieldszezaui 20 findns (v PCP Cone woft) liingana 11
AuanadeveennnauiitimInaaey

3. umszezguivesdllss (@1 PCP) milauihusudmas (cm) fio szoziinaumnin
nanadn@en lnndumiuAuiaal3 (set 0) udeariuiin'3

4. Wmsnageudiamde 1 81 7o 4 Uszine 3-5 adade | fre61e Tagdunmied
NAADUAITHINNINYALANDENTDE 5 ruAAT wialiunandr 2 whveuduruguinang
druiilafiqaves PCP Cone (Dia. PCP Cone = 23.1 fiadias) udwnaunaasvesal PCP tile
il 14 uauae 'l

5. fnsuasAszoznaguivosasa viem pcp iduan 1&idudundeno 18
nnde 4 Wifludwsena (PcpF) Timiodluiiiu () Tasmsgudeariivai3a (k) ves

alseluganagoudroaunsi |
PCPF = K.(PCP) (1)

A = 1 9 [ ~ ] I Aa o
1o PCPF D AUSINAUUANTIY0ANAToU PCP Hinuailuilfu (N)
=1 "o = =1 1 I~ a o a
K @0 muvanlsaluganaaou PCP Tnhoflutiiduisudnng (Nem) lag
Y Y
MIANYIASINAT K = 27.72 Nlem
=] 1 ~ o A A 9 A A A
PCP fio mmagvodszozguavesdlsaneu Idnnumunaiaanidou

a ] < a
Tanszezauvesyanadoy PCP Imiroilumudnag (cm)



90

[ ' a oy = @ d’i Y ] J Y o v A
6. mmmmmﬂﬁmmuﬂuﬂumaﬂ (w) W'Ifi)@]i’J%ﬁﬂ‘ﬂi‘mluiﬂ’ﬂqﬂ‘Vl'lﬂ']ﬁ‘UﬂfJﬂﬂu
o Yy 1 qa J o &4 A 0 q VY Y1 oy
Aunaemlsnaiumungay (OWC) NI Lwaﬂgwﬂﬁ"lﬂmmmuuuumqqu

(Maximum dry density, ¥4 max) Taolaumsi 2
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7. SMUIUMIAANUUULUAIGIEA (Maximum dry density, Y4 may) Y9IAUUADA 1Y

TaumIn 3
Yd, max = 2.437 — 0.04 (OWC) (3)

d' =1 1 ] Y i . a [
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wihadunsuaegnuIAnsLAaSs (gem) lurmzi OWC Ao JosazvaelSunaniumngay
Y [l

Tuguaunisuasa (euTauldlda1dSuraniluduuada (w) Ad1uaaldogluris
owct2% detuitum owc uaunif 3 fida)

8. R1UIUKIAN CBRmsoakea AINANMIN 4 1azA1UIUNIA CBRypqkeq 1Y

aumsi 5 MUy
CBRynsoakea = 2.086(PCPF)°3¢ @
CBRsoakE?d = 6.634 — 0.629(CBRunsoaked) + O'OBQ(CBRHHSOQI(QQ)Z {5)

9. W91TUIAMIANUUUUNAIGIFA (Maximum  dry  density, Vg max) HAZAT
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A Portable Cone Penetrometer for Compaction Work Control
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ABSTRACT: A Portable Cone Penetrometer (PCP) device was developed in this paper. The objective of the
PCP is for quick estimation of field CBR. The test results showed a linear correlation between the unsoaked CBR values
and penetrations read from the PCP at various fine contents. Comparisons between the CBR tests and measurement of

PCP test from standard compaction characteristics with optimum water content -4% to +4% (4%0WC) are

in very agreement.

1 INTRODUCTION

The California bearing ratio (CBR) is a test to evalu-
ate the mechanical strength of road subgrades and
basecourses. It was developed by the California De-
partment of Transportation before World War II.
The test is performed by measuring the pressure re-
quired to penetrate a soil sample with a plunger of
standard area. The measured pressure is then divided
by the pressure required to achieve an equal penetra-
tion on a standard crushed rock material. The CBR
test is described in ASTM Standards D1883-05 (for
laboratory-prepared samples) and D4429 (for soils
in place in field), and AASHTO T193. The CBR rat-
ing was developed for measuring the load-bearing
capacity of soils used for building roads.

The Dynamic Cone Penetrometer (DCP,
TM6951-3(2003)) is an instrument designed for the
rapid in-situ measurement of the structural proper-
ties of existing road pavements constructed of un-
bound materials.

The CBR value is used for road pavements con-
structed design. But compaction work control of
road subgrades are checked with field dry density.
Because CBR tests is time consuming and labor ex-
pense. As such, a Portable Cone Penetrometer (PCP)
was developed to assist compaction work control.
The instrument provides a very simple method of
obtaining CBR values which would not require the
digging of test pits. It means that the PCP is quick
and easy to use, portable and suitable for use in loca-

tions where access may be difficult. Relationship be-
tween CBR values and read values from the device
is important component in developing the PCP de-
vice. The paper considers several subgrade soils at
sieve distribution particle material were decided
based on Department of Highways, Thailand’s stand-
ard. A series of PCP tests were conducted with a 6
inches diameter compaction mold. Based on analysis
of this testing, the relationships between the PCP re-
sults and the subgrade parameters such as unsoaked
CBR and dry density are obtained.

2 MATERIALS AND EXPERIMENTS

A cohesionless soil was examined in this study. It
was taken from an existing borrow pit (which has
been used for road subgrades) located just about 5
km apart from Suranaree University of Technology,
Nakhon-Ratchasima, Thailand. Based on the unified
soil classification system (USCS) by ASTM D2487-
69, this cohesionless soil can be classified as a silty
sand (SM). Other physical properties of the studied
soil are expressed in Tablel.

Prior to the test, the studied soil was air dried for
a week. The particle size distribution was conducted
by sieve analysis according to ASTM D422-63
(2007). A series of standard compaction test has
been performed based on ASTMD 698-70 to deter-
mine the maximum dry unit weight (ygmax) and op-
timum water content (OWC). The specimens those
compacted in the 6 inches diameter with 4.584 inch-

:185:




es height mold were compacted with a standard
rammer of 5.5 Ib weight having drop height of 12
inches. Number of drop was 25 blows for each layer
and the specimens were compacted in three layers.

Table 1. Physical Properties of studies soils.

Soil Properties Samples

Silty sand Fine materials
Physical Properties:
Specific Gravity 271 257
Liquid Limit,% NP 351
Plastic Limit.% NP 387
USCS. SM CH

Fine content of 15%, 30%, 45% and 60% by
weight were added into the studied soil. Proporties
of fine content are given in Table 1. Based on the
unified soil classification where system (USCS), this
clay soil can be classified as a high liquid limit clay
(CH). While, the silty sand is categorized as the mi-
nus sieve No.4 material. Prior to the compaction test,
the silty sand was manually mixed with vanous
amount of fine content and water sprayed to desired
water content of about OWC-4%, OWC-2%, OWC,
OWCH+2% and OWC+4%. Then the admixed soils
were covered with plastic for 24 hours to achieve a
uniform water content. The compaction program is
organized as shown in Figure 1.

| Studied Soils |
P s
Nif

:

W {

}

Subgrade M M SM M
soil (EM), +15%Fine | | +30%Fine | | +45%Fine| | +60%Fine
13%fine cantent cantent content cortent
\ AN RN \
contert
A 4 r L 4
N/ N \
@mold, at || 6"meld, at] | *meld, at | | " mold, at
owcy, || oweaass,| | owean, || owcan,
OWC-2%, || OWC-2%, ]| | OWC-2%, || OWC-2%,
OWC, OWC, OWC, OWC,
OWCH2%, || OWC+2%,| | OWC+2%,| | OWC+2%,
OWCHE || OWCHY.] | OWC+#4 ] | OWCHRG
. 7\ b 2% J

Figure 1. Detail of compaction tests oraganized in this study .

The unsoaked CBR tests were carried out accord-
ing to ASTM D1883 (2007) on the compacted sam-
ples with various water contents form OWC-4%, to
OWC+4% .

The Portable Cone Penetrometer (PCP) 18 an -
strument designed for rapid measurement of in-situ
CBR values. The PCP consists of a rod of 16 mm
diameter and a tempered steel cone of 20 mm base
diameter and a 60 degree point angle, which is ai-
tached to rod. The PCP is driven into the soil by a

human force applied through a spring. The magni-
tude of compression 1s measured at 20.0 mm depth of

cone penetration. _—
andale

Spring in sliding cylinder

1000 mm

Measuring scale

Sliding Ring mark for value
reading

Cone of 20 mm, 60° point
angle

A 4

Figure 2. The Portable Cone Penetrometer (PCP).

The relationships between the spring retraction
distance (obtained from the PCP test) and CBR
{without surcharge) under unsoaked conditions were
developed based on the CBR and PCP tested results
on the identical samples. The developed relation-
ships will be used for approximation of the CBR and
dry density values at construction site.

3 RESULTS AND DISCUSSIONS

The basic properties and compaction properties of
compacted subgrade soil are written in Table 2. The
laboratory compaction curves of the admixed soils in
6 inches diameter mold are plotted in Figure 3 to 6.
The maximum dry densities admixed soils decreases
with increasing fine content (the plasticity of sail). The
compaction characteristics of admixed soils are writ-
ten in Table 3.

Table 2. Basic properties and compaction properties of com-
pacted subgrade soil

Compacted subgrade soil properties Values
Seive analysis (%oPassing):

100.0
#10 919
#40 65.2
#200 13.1
Liquid Limit.% NP
Plastic Limit,% NP
OWC, % 9.23
Maxinun dry density, g/em’ 1.89
Soaked CBR,% 2.1
Unsoaked CBE.% 7.1
Swell, % 0.2
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Table 3. Compaction characteristics of admixed soils and result
of PCP test.

Fine Compacted admixed soil properties
content PI W Ya CBRuiggsizq PCP test
e (glem) %) (om)
+15% 11.4
6.19 1.84 131 13.07
8.10 1.90 103 1133
241* 1.9 6.9 10.17

1192 1.89 32 347
13.81 184 12 0.73
+30% 12.7
813 1.81 121 1470
10.01 1.89 9.7 1277
11.92* 190 52 7.60
1436 181 1.6 2.87
16.53 L75 1.0 0.73
+45% 133
11.88 1.77 8.6 077
14.01 1.80 43 4.93
15.80* 1.8l 23 2.50
17.73 171 09 0.43
1910  Lel 0.6 0.00
+60% 16.3
13.69 170 6.9 8.07
1552 170 4.1 547
17.27* 175 1.8 243
1916 164 0.6 0.60
2192 157 0.3 0.20

* Water content at OWC
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Figure 3. Compaction curve with 135%fine content.
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Figure 4. Compaction curve with 3(®4fine content.
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Figure 5. Compaction curve with 45%fine content.
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Figure 6. Compaction curve with 6(P4fine content.

The compaction curves of all specimens
compacted are bell shaped with one peak point.
Generally, the fine particles confrol engineering
properties of compacted soils. The soil containing
the higher fine contents exhibits the higher optimum
water content due to high water holding capacity
{(Ramiah et al., 1970; Pandian et al., 1997, Nagaraj et
al., 2006; and Horpibulsuk et al.,, 2008 and 2009).
The high optimum water content is associated with
low maximum dry unit weight. While, the unsoaked
CBR and PCP values of the specimens compacted
are depend on water content, (w) and fine confent .
To relate the unsoaked CBR and PCP values with w
as presented in Fig. 7 and 8. The related curve are
reverse S-shaped. Generally, the fine content control
engineering properties of compacted soils. The
unsoaked CBR tested of all specimens with water
content at +4%0WC are similar to CBR with soaked
condition.
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Figure 7. Relationship between Unsoaked CBR and water con-
tent at +4%C0WC versus percent fine content.
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Figure 8. Relationship between the PCP values and water con-
tent at +4%0WC versus percent fine content.

Figure 8 shows the relationship between un-
soaked CBR and the PCP values versus fine content
with water content at +4%0WC. It was taken for
developing a relationship in linear function:

CBRuypseaked = 0.8312 (PCP) + 0.1381 (1)

The unsoaked CBR tested of all specimens with
water content at +4%0OWC are similar to CBR with
soaked condition. However, unsoaked CBR can be
approximated from the PCP test using linear func-
tion are in very agreement.

The PCP test has the advantage of economic,
timesaver and by oneself testing. While, CBR values
results from the PCP test equate with CBR values
results from CBR-standard method.

y=0819x+0.1838
R*=0.9676

Unsoaked CBE.(%0)

15.00 20.00

0.00 5.00

10.00

Average values of the PCP test (cm)

Figure 9. Relationship between Unsoaked CBR and the PCP
values,
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