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CHINKULKEINIWAT, Dr.Eng., 69 PP.

PROCTOR TEST/SMALL COMPACTION APPARATUS /INFLUENCE OF

GRAVEL/COMPACTION ENERGY

Compaction is a classical ground improvement method for earth structures.
Everyday thousands of cubic meter of soil are compacted throughout the world. Proctor
test (e.g. ASTM D698-91 and ASTM D1557-91) is widely used to characterize soil
compatibility for proper control over the field compaction. However, this procedure is
time consuming and labor expensive. Thus, a smaller compaction apparatus is considered.
For effectively introducing a new smaller apparatus, influence of changing equipment
characteristics due to a reducing size of compaction apparatus must be investigated. The
proposed apparatus is similar to the standard Proctor apparatus and is easy to introduce
into any soil mechanics laboratory. The maximum dry density and the optimum water
content yielded from the proposed compaction apparatus are excellent agreement with
those yielded from the standard Proctor procedure. However, the proposed apparatus is
valid only for non-gravel soil. To extend the availability of the proposed apparatus,
influence of gravels on standard Proctor test results are investigated. It is found that the
gravel content play a major role in controlling the transmitted compaction energy and thus
the compaction characteristic of the fine fraction. Relationship between the gravel content
and the transmitted compaction energy is established. This relationship is employed to

estimate the maximum dry density and the optimum water content of gravelly soil. Good



agreement is found for comparison between the estimated values and the corresponding

values from standard Proctor test.
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Method | Mold Ramer [weight] No. No.
Samples diameter of of
[mm] Weight Drop height | layer | blow
[kg] [mm] [No.] | [No.]
Soil with gravel 4.75-9.5 A 101.6 2.5 304.8 3 25
mm. dia. < 20%
Soil with gravel 4.75-9.5 B 101.6 25
mm. dia. = 20% and 9.5- or or 2.5 304.8 3 or
19 mm. dia. <20% C 152.4 56
Soil with gravel 9.5-19 C 152.4 2.5 304.8 3 56
mm. dia. = 20% and 9.5-
19 mm. dia. <30%
1__'{
INTERMEDIATE PROCTOR
1.9
VIBRATORY
1.8 F—°= émax.3/4" MOLD: 4" (0.10m.) ¢ COMPACTION
"2 —— $max.34"; MOLD: 6" (0.15m.) ¢ ASTM D - 2049
2
.z’: 2.1 .
i 2.0
5 19
P —o— gmax.1Y5"s MOLD: 6" (0.15m.) ¢ VIBRATORY
s 18 1, . COMPACTION
;_; —*— $max.1"/5 ; MOLD: 12 (0.30m.) ¢ ASTM D - 2049
<
VIBRATORY
1.9 | —*— $ max.3"; MOULD: 20" (0.50 m.) § COMPACTION
=0= $pmax.3"; MOULD: 12" (0.30 m.) ¢ ASTM D - 2049
1.8
(1] 20 40 60 80 100

GRAVEL CONTENT [%)]

51N 2.4 wanAAPUMIVATAAUYDY Garga and Madureira (1985)




23 MSANEIDNENAHBIINVINAVIIUUUUADA

@ v A ] @ 4 1 I o 4 %
Pagtiulimsuasaduiviugnunaswas luuaaz iuna Tan 191N ve1s67
Aa A dg’ o =2 A ! Y 9
MUATHFND HazMIANIUYDIN WUV Ins Tan Taumsneasvassal Inali
= [ 9 1 9 9 a 1 A = Y 1 9 A dg’
ganeduAudeIns msneai1elasaadeaey ouy wou 3 ldNaIneaI 1NN
Y Y
1 Y] 1 a o I v A
2819110 Nanlunsneaialaseadsausududesldnanaasunisuaoaauly
9 a vAa zﬂ' o v A Y a A Y [Y]
Wouliams o manadoumsuadaauluieslgiams luldlumsauqumsuasalu
1 < [ < 4
aun ed1elsAmuMINageUUAdALULINATTIUNARMIABS AdlFarlumsnaaeuuin
3 A @ 1 A A 9 9 I ) A v v 1 9 1
TunulTinaaiegaunezdosldiusiuiuun esnnuuuuadadalvinaaeuda v
A v v ~ < d?’ A A @ 1 Aq Y K o 4
e limanaaou ldnansnagaunidaE 1wy tazaalSuaaudiesanlys Feaziirliaa
mldneluminaaey tazusenuanlumsnadey Talimsianyganagoumsuadaaui
< 1 I~ [ <
HUUIAAND 19U Diaz-Zorita et al. (2001); Shidharan and Sivapullaiah (2005) Wudu egralsd

~

@ < { @ 3 :/l
GnilgﬂLL‘U‘]HJE)Q“lgﬂ“Vlﬂﬁ@‘umﬁmaﬂ"llummﬂ‘vmﬂwmuvﬁui]Tﬂ‘VN Diaz-Zorita et al. (2001);

U

Shidharan and Sivapullaiah (2005) HAUUANA1IINTUHUVFANATOUUUVNINTTIUNT DY

1 < J Y [ { o w
mmmagmwaaﬂmaiﬂaumwmﬂmuaﬂﬂu;ﬂﬁ 2.5 g 2.6 AUl



56 mm OD
54 mm ID

\ 4

A

Upper mold

71

Lower mold

[
»

~
N

Wooden mold

Wooden dowel =~ ;
container

SIDE VIEW

Wooden mold container

140 mm

Mold wall

140 mm
TOP VIEW

@ <
2.5 YANATDUNTUADAVUIANUDY Diaz-Zorita et al. (2001)

10



11

Compaction
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o = 1.0 kg hammer
T 2=
3l 2.0 1.0 kg hammer
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——
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Energy transferring
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Frame with hammer
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35 . |
2.5 kg hamer
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P imax Small mold procedure [t/m

¢ small mold procedure [-]

op

w

1 g d’
(V) MANUFUNHUIE TV

gﬂﬁ 2.7 HAaNSNAFDUUAOAVDY Diaz-Zorita et al. (2001)

1.8
O  E=109kl/m’
y=0.873x+0.063 R*=0.811
+ E-218kI/m’
1.6 y=0.819x+.087 R*=0.772
A F=436kI/m’
y=0.842x+0.205 R*=0.960
® [F=545ki/m’
14 + ¥-0.904x+0.137 R*=0,939
-~
//
//
12 F =
//
-~
//
7 0O
-~
P
1'0 e 1 i 1
1.0 152 1.4 1.6 1.8
3
P gmax Proctor mold procedure [t/m ]
(M) MANUHUIUULH
= 7
o
v
\:. -
4+ =
”
-~
Fs
3F 1
E=109 kI/m’
y=1.045x+0.121 R™=0333
E=218 kl/m’
_\'—{].834x-—0.]ﬂ[}R:—0.603
2F .
E=436 kJ/m’
y=0.985x+0.001 R*=0.601
E=545 kI/m’
y=1.1155+0.002 R*=0.627
‘1 1 1
| 2 3 4
Yopt Proctor mold procedure [-]
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dry density [t/m ]

2.30
—&— Marl # 1 (Small mold)
—&— Marl # 1 (Large mold)
225 L —4— Marl # 2 (Small mold)
—{F- Marl # 2 (Large mold)
%
220 + 3
A
215 |-
:':_/
2.10 %
P/
X
0 2 4 6

molding water content [%]

317 2.8 INTNALTID99INVUIAVDWVVUATAABHANTNAADUUABARA

(Aiban and Mohammed, 2002)
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M350 3.1 amauianuguvesaudeei g lumsnadon

Soil type LL PL PI G, Group

[%] [%] [%] symbol
Silty sand 1 NP NP NP 2.67 SM
Silty sand 2 NP NP NP 2.69 SM
Red clay 75 24.6 50.4 2.70 CH
Silty clay 1 28.7 19.4 9.3 2.72 CL
Clayey sand 28.7 19.4 9.3 2.72 SC
Medium sand NP NP NP 2.72 Sp
Coarse sand NP NP NP 2.72 SP
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Tests Mold Rammer | Diameter No. of Rammer No. of

no. diameter | diameter ratio layers Weight | Drop height | blow

[mm] [mm] [-] [No.] [ke] [mm] [No.]
1.1 152.4 50.8 0.33 3 2.5 304.8 56
1.2 101.6 50.8 0.5 3 2.5 304.8 25
1.3 101.6 76.2 0.75 3 2.5 304.8 25
1.4 76.2 76.2 1 3 2.5 304.8 15
2.1 101.6 50.8 0.5 2 2.5 304.8 37
2.2 101.6 50.8 0.5 3 2.5 304.8 25
2.3 101.6 50.8 0.5 4 2.5 304.8 19
2.4 101.6 50.8 0.5 5 2.5 304.8 15
3.1 101.6 50.8 0.5 3 4.5 304.8 14
3.2 101.6 50.8 0.5 3 3.2 304.8 16
3.3 101.6 50.8 0.5 3 2.5 304.8 25
3.4 101.6 50.8 0.5 3 1 304.8 62
4.1 101.6 50.8 0.5 3 2.5 457.2 17
4.2 101.6 50.8 0.5 3 2.5 381 20
4.3 101.6 50.8 0.5 3 2.5 304.8 25
4.4 101.6 50.8 0.5 3 2.5 228.6 33
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Tests Soil type Gravel content Pamax| Wopt | £'dmax W ot
No. Small Large [t/m’] [%] [t/m’] [%]
[%] [%]
1.1 Silty sand 1 - - 1.965 | 10.80 | 1.965 | 10.80
1.2 10 - 2.012 | 9.83 | 1.961 | 10.90
1.3 20 - 2.060 | 885 | 1.954 | 11.00
1.4 30.26 - 2.100 | 850 | 1.933 | 12.10
1.5 40.30 - 2.130 | 8.20 | 1.891 | 13.59
1.6 - 10 1.965 | 10.80 | 1.965 | 10.80
1.7 - 20 2.015 | 9.83 | 1.965 | 10.90
1.8 - 30.26 2.061 | 885 | 1.956 | 11.00
1.9 - 40.30 2.110 | 840 | 1.946 | 11.95
2.1 Red clay - - 1.530 | 25.00 | 1.530 | 25.00
22 10 - 1.600 | 22.50 | 1.531 | 25.10
23 20 - 1.660 | 19.83 | 1.509 | 25.20
24 31.97 - 1.720 | 18.50 | 1.481 | 27.06
2.5 42.23 - 1.770 | 17.00 | 1.431 | 29.20
2.6 - 10 1.600 | 25.00 | 1.531 | 25.1
2.7 - 20 1.665 | 22.54 | 1.514 | 252
2.8 - 31.97 1.740 | 1991 | 1.503 | 264
29 - 42.23 1.800 | 18.00 | 1.465 | 28.5
3.1 Silty clay 2 - - 1.770 | 16.00 | 1.770 | 16.00
32 10 - 1.830 | 14.44 | 1.770 | 16.10
33 20 - 1.890 | 12.84 | 1.765 | 16.30
34 30.50 - 1.925 | 12.40 | 1.726 | 18.18
3.5 40.57 - 1.955 | 11.80 | 1.669 | 20.34
3.6 - 10 1.770 | 16.00 | 1.770 | 16.00
3.7 - 20 1.830 | 14.44 | 1.770 | 16.10
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Tests Soil type Gravel content Pamax| Wopr | P'amad Wopt
No. [vm’] | %] | [vm’] | [%]
3.8 - 30.50 1.940 | 12.00 | 1.744 | 17.59
3.9 - 40.57 1.980 | 11.00 | 1.700 | 18.96
4.1 Silty sand 3 - - 1.800 | 13.00 | 1.800 | 13.00
4.2 10 - 1.860 | 11.80 | 1.801 | 13.10
4.3 20 - 1.920 | 10.59 | 1.798 | 13.20
4.4 30.11 - 1.970 | 10.00 | 1.779 | 14.26
4.5 40.12 - 2.010 | 9.50 | 1.737 | 15.79
4.6 - 10 1.800 | 13.00 | 1.800 | 13.00
4.7 - 20 1.860 | 11.80 | 1.801 | 13.10
4.8 - 30.11 1.920 | 10.59 | 1.798 | 13.20
49 - 40.12 1.980 | 9.90 | 1.790 | 14.12
5.1 Silty clay 3 - - 1.890 | 14.00 | 1.890 | 14.00
5.2 10 - 1.944 | 12.71 | 1.890 | 14.10
5.3 20 - 2.000 | 11.41 | 1.888 | 14.20
54 30.43 - 2.040 | 11.00 | 1.863 | 15.67
5.5 40.49 - 2.070 | 10.65 | 1.815 | 17.67
5.6 - 10 1.890 | 14.00 | 1.890 | 14.00
5.7 - 20 1.944 | 12.71 | 1.890 | 14.10
5.8 - 30.43 2.000 | 11.41 | 1.888 | 14.20
5.9 - 40.49 2.050 | 1090 | 1.875 | 15.53
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Sample Raw soil Gravel mix. Gravel content

Small Large [%]
[%] [%]

Soil 1 Silty clay 1 - 30 30
Soil 2 Silty clay 1 - 30 40
Soil 3 Silty sand 2 - 30 30
Soil 4 Silty sand 2 - 30 40
Soil 5 Medium sand - 35 35
Soil 6 Grey clay 9 21 30
Soil 7 Grey clay 12 28 40
Soil 8 Brown clay 15 15 30
Soil 9 Brown clay 20 20 40
Soil 10 Silty clay 4 12 18 30
Soil 11 Silty clay 4 16 24 40
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