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ABSTRACT 

 

 The main purpose of landfill liner is for separating leachate from surrounding 

environment and preventing the groundwater from leachate contamination. As recommended by 

Daniel and Benson (1990), the compacted soils that can be used as the landfill liner must have the 

following properties: 1) hydraulic conductivity not greater than 1x10-7 cm/s, 2) unconfined 

compressive strength not less than 200 kPa, and 3) volumetric strain not greater than 4%. In this 

study, local Songkhla soils including lateritic soil, marine clay, paddy clay and sand 5%- 

bentonite mixture, were evaluated for potential use as landfill liner. A series of tests for 

determining index and engineering properties of these soils were conducted. Experimental results 

obtained were used for delineating acceptable zones for the hydraulic conductivity, the 

unconfined compressive strength, and the volumetric strain as shown in the modification of 

compaction graphs. It was found that the suitable soils for use as landfill liner, listed in 

descending order, were the marine clay, the paddy clay, the lateritic soil, and sand-5% bentonite 

mixture.  

 

Keywords: Compacted clay liner, Hydraulic conductivity, Unconfined compressive strength, 

 Volumetric strain, Lateritic soil, Marine clay, Paddy clay, Sand-5%-bentionite mixture 
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 2. Engineering Properties of Soils) 
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4.1  Index Properties of Soils) 

 
 5%

Sieve analysis) 
Liquid limit, L.L.) Plastic limit, P.L.) 

Soil classification) Specific gravity, Gs) 
4.1  

  0.075 mm  
4.75 mm 93.51% Coefficient of curvature, Cc) 1.39

Coefficient of uniformity, Cu) 8.95
Unified Soil Classification System (USCS) Well grade sand 

(SW) Atterberg  limit LL = 487% PI = 450% ( , 
2549) 5% 2.677  
  

0.075 mm 60.19%, 98.98%, 99.75% 
LL) = 34.62%, 60.33%, 72.49% PL) = 20.25%, 22.89%, 

35.95% Unified soil classification system (USCS) 
Clay of low plasticity (CL), Clay of high plasticity (CH), High plasticity organic clay (OH) 

2.741, 2.705, 2.647  
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Gravel -  mm, % 3.5** 8.02 - - 
Sand   -  mm, % 93.51** 31.79 1.02 0.25 
Silt & Clay < 0.075mm, % 2.91** 60.19 98.98 99.75 
Coefficient of curvature, Cc 1.39** - - - 
Coefficient of uniformity, Cu 8.95** - - - 
Liquid Limit, LL (%) 487* 34.62 60.33 72.49 
Plastic Limit, PL (%) 37* 20.25 22.89 35.95 
Plastic Index, PI (%) 450* 14.37 37.44 36.54 
Soil classification, USCS SW** CL CH OH 
Specific Gravity, Gs 2.677 2.741 2.705 2.647 

*     **  
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15. %  (OH) 
1.655 g/cm3 20. %  
 

3 Modified Proctor 
  maxdr   (g/cm3) optw  (%) 

 CL 1.959 11.01 
 OH 1.655 20.31 

 CH 1.755 15.37 
% - 1.973 9.88 

 

 

 

 

 

 

 

 

 

 

 Modified Proctor 

 

 

 



  

 2 Standard Proctor, SP 
  Standard Proctor 

4.3 
Modified Proctor %

1.9  g/cm3 1 . % 1.78  g/cm3

15. % 1.58  g/cm3 21. % 1.53  g/cm3

22. %  ( maxdr ) 
 g/cm3 1.53  g/cm3  O.M.C.  % 22. % 

4 
 

4 Standard Proctor 
  maxdr (g/cm3) optw  (%) 

 CL 1.  15.  
 OH 1.53  22.  

 CH 1.58  21.  
% - 1.9  1  

 

 

 

 

 

 

 

 
 Standard Proctor 



  

 4.2.1.3 Reduced Proctor, RP 
  Reduced Proctor 4.4 

% 1.9  g/cm3 1 . % 
1.7  g/cm3 17. % 1.4  g/cm3 

2 % 1.44  g/cm3 27. % 
 ( maxdr ) 9  g/cm3 1.4  g/cm3 

 O.M.C.  % 2 % 5 
 

5 Reduced Proctor 
 

  maxdr  (g/cm3) optw
 (%) 

 CL 1.746 17.20 
 OH 1.462 24.62 

 CH 1.440 27.27 
% - 1.900 13.80 

 

 

 

 

 

 

 

 

4 Reduced Proctor 



  

 
 Modified Proctor, Standard Proctor, Reduced 

Proctor  (U.S.Navy, 
1982) CL maxdr  - g/cm3  Wopt 

% U.S. Navy, 1982 OH 
m axdr   g/cm3  Wopt - % 
U.S. Navy, 1982 CH maxdr   434 750

g/cm3  Wopt 5. 0 2 98 % U.S. Navy, 1982 
Modified Proctor % 

 maxdr g/cm3 % 
 

 
  

 
  maxdr  (g/cm3) optw  (%) 

 CL 1.725  17.45 
 OH 1.470  24.28 

 CH 1.434  27.98 
% - 1.890  12.54 

 
  

 
 maxdr  (g/cm3) optw  (%) 

CL 1.520 1.920 2  
OH 1.040 1.600  
CH 1.200 1.680  

: U.S. Navy, 1982 

 



  

 4.2.2  (Hydraulic Conductivity 

Test) (Falling head) 

  K 
24% 

Reduced Proctor  
  

24% Reduced Proctor ( 4.5)
3.00 ³ 10-6 cm/s 

20 1 ³ 10-7 
cm/s 70 

(Qin) (Qout) 0.9 1.1  
3.00 ³ 10-8 

cm/s 130  

 

4.   



  

  2.  
Modified Proctor  

  
 % 

2³ 10-9cm s, 1.80x10-9 cm/s, 2.00³ 10-9 cm/s 2.50³ 10-9 cm/s 

1.00 ³ 10-7 cm/s  
1.20³ 10-9 cm/s  2.50³ 10-9 cm/s 

9.88% 20.3 % Modified 
Proctor 5% 1.20 ³ 10-9 cm/s

2.50x10-9 cm/s  
 
 
 

 

 

 

 

 

 

 

   Modified Proctor 

 

Liners Requirement, K<1x10-7 cm/s 
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  2.2 
Standard Proctor  

     

(1³ 10-7 cm/s) 
5% 3.3³ 10-9 cm/s 7.40³ 10-9 cm/s  

3.00x10-9 cm/s 6.24³ 10-9 cm/s 
3.00x10-9 cm/s  7.40 ³ 10-9 cm/s 11.34% 22.20% 

 7.40 ³ 10-9 cm/s 
3.00 ³ 10-9 cm/s 

   
(2549)  

%  ³ 10-9 cm/s, 3.39 ³ 10-8cm/s, 5.67³ 10-8 cm/s  
 

 

 

 

 

 

 

 

 Standard Proctor 
 

 

Liners Requirement, K<1x10-7 cm/s 



  

 2.3 
Reduced Proctor  
  

13.81% 
2.17³ 10-7 cm/s 1 ³ 10-7 cm/s

5% 6.46³ 10-9 cm/s 2.11³ 10-8 cm/s 
 4.50³ 10-9 cm/s 1.80 ³ 10-8 cm/s 

2.11³ 10-8 cm/s 4.50 ³ 10-9 cm/s 13.80% 28.20% 
Reduce Proctor 

2.11³ 10-8 cm/s 4.50 
³ 10-9 cm/s 
 

 

 

 

 

 

 

 

 

 Reduced Proctor 
 
 
 

Liners Requirement, K<1x10-7 cm/s 



  

  Unconfined Compressive Strength, qu) 

E(50) 

  (Unconfined compression test)
5% Modified 

Proctor ( ) Standard Proctor ( 4.10) Reduced Proctor (
)

( 4)

 
  E(50) Unconfined 
compressive strength qu

E(50)  
 E(50) 

 
    Modified Proctor 
   

Modified Proctor 4.9  
kPa %, % % 

 kPa % 
kPa % 

kPa % kPa 
% kPa, 

902.24 kPa %  17.14% 
 

 
 
 
 



  

 

 

 

 

 

 

 

 

9  Modified Proctor 
 

   Standard Proctor 
   

Standard Proctor 4.10
kPa %, % % 

 kPa % 
% 

% 
 

 
 
 
 
 
 
 
 

qu>200 kPa 



  

 
 

 

 

 

 

 

 

 

 

 Standard Proctor 

 
   Reduced Proctor 
  

Reduced Proctor 4.11  41.19
 kPa %, 21.55% 
% 

 kPa % 
 

 
 
 
 
 
 

qu>200 kPa 



  

 
 

 

 

 

 

 

 

 

 Reduced Proctor 
 

 3.4   
  

 
  Modified 

Proctor, Standard Proctor, Reduced Proctor 

4. a b
 4.  a 

4. b 
 
 
 
 
 

qu>200 kPa 

qu>200 kPa 
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  Volumetric Strain Test  

  

 PI 
PI 

 
     
Modified Proctor  
    

0.605% 1.712% 5.75%, 15.55%  
 

 
 

 

 

 

 

 

 

 

 Modified Proctor 

 



  

 4.2  
Standard Proctor  
   

5% 4% 
25. %

25.8 % %, 6.66 % 
 

 
 

 

 

 

 

 

 

 

4.  Standard proctor 
 



  

 4.3  
Reduced Proctor 
   

4% 
5% 15.5 % 17.20% 

.2 % 31. % 2 .90% 2 78% 
, 5.635, 4.458, 5.100, 5.873, 8.109 

 
 

 

 

 

 

 

 

 

 
 

 Reduced Proctor 
 
 
 
 
 
 
 



 
 

(V
olu

me
tric

 Sh
rin

kag
e S

tra
in,

 v)  
% 

 
 

 
 

v(%
) 

 
v(%

) 
 

v(%
) 

 
v(%

) 
 

 
 

 
MP

 6%
 

0.6
05 

MP
 8%

 
1.0

44 
MP

 12
% 

1.2
92 

MP
 18

% 
0.7

49 
8%

 
1.0

81 
10%

 
1.1

38 
14%

 
1.3

90 
20%

 
1.0

27 
10%

 
1.2

50 
12%

 
1.2

37 
16%

 
1.4

29 
22%

 
1.2

30 
12%

 
1.4

66 
14%

 
1.4

43 
18%

 
1.4

89 
24%

 
1.3

49 
14%

 
1.5

82 
16%

 
1.7

12 
20%

 
1.5

85 
26%

 
1.6

16 
SP

 8%
 

1.1
03 

SP
 12

% 
1.4

22 
SP

 18
% 

1.9
92 

SP
 20

% 
1.4

94 
10%

 
1.4

31 
14%

 
1.7

76 
20%

 
2.1

26 
22%

 
1.5

09 
12%

 
1.7

44 
16%

 
1.7

92 
22%

 
2.3

22 
24%

 
1.6

49 
14%

 
2.0

62 
18%

 
1.8

89 
24%

 
3.8

72 
26%

 
3.6

71 
16%

 
3.4

63 
20%

 
2.0

83 
26%

 
4.9

96 
28%

 
6.6

62 
RP

 10
% 

1.8
44 

RP
 14

% 
1.9

85 
RP

 24
% 

2.9
83 

RP
 22

% 
1.8

52 
12%

 
2.2

45 
16%

 
2.0

20 
26%

 
3.2

52 
24%

 
1.9

75 
14%

 
2.5

12 
18%

 
2.1

64 
28%

 
3.5

24 
26%

 
2.2

87 
16%

 
4.3

74 
20%

 
2.2

18 
30%

 
4.4

58 
28%

 
5.8

73 
18%

 
5.6

35 
22%

 
2.3

20 
32%

 
5.1

00 
30%

 
8.1

09 

 



  

   

 Daniel Benson  

 
 Daniel Benson (1990) 

1) 1 ³ 10-7 
cm/s 2) 200 kPa 3) 

4% 
 (Overall acceptable zone) 

 
   

    
   

Reduced Proctor 81%
2.17 ³ 10-7 cm/s 1 ³ 10-7 cm/s

Modified Proctor Standard Proctor  ( 4.16 b)
 ( a)

 c  
   
( c) 

g/cm3 81%
Reduced Proctor  ³ 10-7 cm/s 

d Line of 
optimum

Optimum water content  ³ - cm/s 
(Benson et al., 1999) 
 
 
 
 



  

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16  a)  
b)  c)

 d)  
 
 
 
 

a) b) 

c) d) 



  

 1.   
  
kPa Modified Proctor 

Standard Proctor 7.64%  
19.55% Reduced Proctor 
kPa ( a)  

4.17 b
 (b  

 

 

 

 

 

 

 

  a)   b)
 

 

 

 

 

 

 

a) b) 



  

 1.   
  

%
% 2.40% ( a) 

4.16 a
 

 
 

 

 

 

 

 

 
  a) b) 

 
 
   (Overall Acceptable Zone) 
   

4.19  
   

Modified Proctor 846 959 g/cm3

11.01% 15.55% 
 
 

a) b) 



  

 
 
 
 
 

 
 
 
 
 
 
 
 
 

  
 

   

    
   

Modified Proctor, Standard Proctor, Reduced Proctor
³ 10-7 cm/s 4.  (b)

( a) 
 c  

   
( 20 c) 

d
Line of optimum

Optimum water content 
 ³ - cm/s (Benson et al., 1999) 
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kPa Modified Proctor Standard Proctor 

Reduced Proctor 

a) b) 

d) c) 



  

kPa ( a) 
 4.  a)

 b  
 

 

 

 

 

 

 

 

 
  a)  b)

 
 

   
  

% Modified Proctor 
Standard Proctor

% Reduced Proctor % %
 ( a)
4. 2 b

 
 

b) a) 



  

 

 

 

 

 

 

 

 a)  
 b)  
 

   (Overall Acceptable Zone) 
   

4.   
   

Modified Proctor  g/cm3

% % Standard Proctor 
1.525 g/cm 1.537 g/cm % % 

 
 
 

 

 

 

a) b) 



  

 

 

 
 
 
 
 
 
 
 
 
 
 
 

2   
 
   

    
   

³ 10-7 cm/s 4.  (b) ( a)
 c  

   
( c) 

(d)
Line of optimum

Optimum water content 
 ³ - cm/s (Benson et al., 1999) 
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4. 5 (b)
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% 
x10-7 cm/s ( 4.  b)  (

a)  c  
    
( c  % 

(d)
Line of optimum

Optimum water content 
x10-7 cm/s (Benson et al., 1999) 
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kPa Modified Proctor 
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Standard Proctor, Reduced Proctor 

 ( a) 
( 4.  a)

 b 
 
 

 

 

 

 

 

 

 a)   b)
 
 

   
  

% % 
Modified Proctor Standard Proctor 

Reduce Proctor % % ( a)
4.  b)

 

a) b) 



  

 

 

 

 

 

 

 

  a)  
b)  
 

   (Overall Acceptable Zone)  

  

4. 1 
  

% % 
Modified Proctor g/cm3

 g/cm3 9.88% 11.59% 
 
 
 
 
 
 
 
 

a) b) 



  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 5% 
 
 4.3.6  

   
5%

(Overall acceptable zone) 
scale 4 

1.30 g/cm3  2.10 g/cm3 ( y) 
2% 36% (  x)  

  
( )

Modified Proctor (
x)

( )



  

Modified Proctor ( )
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5.1  
 
   Modified Proctor Standard Proctor Reduced 
Proctor 5%

Reduced Proctor 
 

 
 

 
Compaction 

MP SP RP 

% maxdr  (g/cm3) 73  951  900  

optw  (%) 5.75    

 maxdr  (g/cm3) 959  81  746  

optw  (%)    

 
maxdr  (g/cm3) 55  87  440  

optw  (%)    

 maxdr  (g/cm3) 55  537  62  

optw  (%)    
MP = Modified Proctor SP = Standard Proctor RP = Reduced Proctor 

 
 



  

 5.1.2  Modified Proctor 
Standard Proctor Reduced Proctor  
.00 ³ - cm/s Reduced Proctor % 

 ³ - cm/s .00 ³ 10-7 cm/s  
 

 

 
(cm/s) 

MP SP RP 
% 0E-09 1.20E-09 1 70E-08 3.30E-09 2.50E-08 6.46E-09 

 5 00E-08 1.80E-09 7.80E-08 7.40E-09 2.17E-07 2.11E-08 
 2.50E-08 2.00E-09 3.80E-08 3.00E-09 4.00E-08 4.50E-09 

 6.50E-09 2.50E-09 2.50E-08 6.24E-09 7.00E-08 1.80E-08 
MP = Modified Proctor SP = Standard Proctor RP = Reduced Proctor 

 
 5.1.3 Modified Proctor 

kPa 5%
Standard Proctor kPa 

kPa 5%
kPa Reduced Proctor 

200 kPa  
 

 

 
(kPa) 

MP SP RP 
% 243.21 147.11 130.04 73.55 80.42 41.19 

 1010.12 315.79 313.82 106.90 168.68 66.69 
    

    
MP = Modified Proctor SP = Standard Proctor RP = Reduced Proctor 



  

 5.1.4 Modified Proctor 
4% Standard Proctor 5%

4%
% Reduced Proctor 

4% 5%
4%  

 
 

 
(%) 

MP SP RP 
% 0.605 1.582 1.103 3.463 1.844 5.635 

 1.044 1.712 1.422 2.083 1.985 2.320 
 1.292 1.585 1.922 4.996 2.983 5.100 

 0.749 1.616 1.494 6.662 1.852 8.109 
MP = Modified Proctor SP = Standard Proctor RP = Reduced Proctor 

 
 5.1.5 

5%
 

 5.1.6 

) 2) ) ) % 
 
 



  

5.2  
 
 

 
 1. 

 
 2. 

(Specimen)  
 3. 

 
 4. 

 
 5. 

 
 6. Modified Proctor 

Modified Proctor  
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(Hydraulic Conductivity) 



 

 (k) 
 

 (Paddy Clay) Mold (L) = 

11.65 cm (A) = 82.80 cm2 

Permeability Test (Falling head test) 

(Hydraulic gradient) 

cm head Different t1 = 190.4 cm t2 = 188.3 cm 

Standpipe (a) = 0.28 cm2 K  

 

 K  =      

 

 K =  (cm/s) 

 a =  Standpipe (cm2) 

 h =  (cm) 

 A =  (cm2) 

 t =  t1  t2 (sec) 
H1, H2 = t1 t2 (cm) 

 

 

Permeability Test  

( : ) 



 

 

 K =  

  =  5.057³ 10-7 cm/s  

K 5.057 ³ 10-7 cm/s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

.  
 

 
(Volumetric Strain) 

 



 

 
 

  Mold 

11.65 cm  10.26 cm o C

1

 11.5  cm   cm

v  

 

 v = 100   

 v  =                       (%) 

  V1 =       (cm3) 

V2 =   (cm3) 

 

 

     .      v    = 100 

 

            =  % 
 

% 

 




