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APPENDIX A. 

 
The settlement of Polymer Modified Asphalt (PMA) 
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Figure A.1 (a) Relationship between footing pressure and footing settlement in new 

polymer modified asphalt pavement  

 

 
Figure A.1 (b)Relationship between footing settlement and elapsed time in new 

polymer modified asphalt pavement 
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Figure A.1 (c) Relationship between permanent settlement of footing and number of 

cycle in new polymer modified asphalt pavement 
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Figure A.1 (d)Relationship between surface settlement and distance from center of 

footing in new polymer modified asphalt pavement  
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Figure A.2 (a)Relationship between footing pressure and footing settlement in new 

polymer modified asphalt pavement reinforced with geogrid  

 

 
Figure A.2 (b)Relationship between footing settlement and elapsed time in new 

polymer modified asphalt pavement reinforced with geogrid  
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Figure A.2 (c) Relationship between permanent settlement of footing and number of 

cycle in new polymer modified asphalt pavement reinforced with geogrid  
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Figure A.2 (d)Relationship between surface settlement and distance from center of 

footing in new polymer modified asphalt pavement reinforced with 

geogrid  
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Figure A.3 (a) Relationship between footing pressure and footing settlement in new 

polymer modified asphalt pavement reinforced with geocomposite  

 

 
Figure A.3 (b)Relationship between footing settlement and elapsed time in new 

polymer modified asphalt pavement reinforced with geocomposite  
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Figure A.3 (c) Relationship between permanent settlement of footing and number of 

cycle in new polymer modified asphalt pavement reinforced with 

geocomposite  
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Figure A.3 (d)Relationship between surface settlement and distance from center of 

footing in new polymer modified asphalt pavement reinforced with 

geocomposite  

 

 

 

 

 

 

 

 

 

 

 

0 50 100 150 200 250 300

20

10

0

-10

 

 

S
u
rf

a
c
e
 s

e
tt

le
m

e
n
t,

 
 (

m
m

.)

Distance from center of footing (mm)

 

 
Laser 1 Laser 2 Laser 3Footing

NPGT

20

10

0

-10

 

 

20

10

0

-10

 

 

20

10

0

-10
 

 

N
c
 = 190

N
c
 = 195

N
c
 = 200

20

10

0

-10

 

 

N
c
 = 5

N
c
 = 10

New PavementNew Pavement

Geocomposite



154 

 

 
Figure A.4 (a) Relationship between footing pressure and footing settlement in new 

polymer modified asphalt pavement reinforced with geogrid together 

with geocomposite 

 

 
Figure A.4 (b)Relationship between footing settlement and elapsed time in new 

polymer modified asphalt pavement reinforced with geogrid together 

with geocomposite 
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Figure A.4 (c) Relationship between permanent settlement of footing and number of 

cycle in new polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite 
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Figure A.4 (d)Relationship between surface settlement and distance from center of 

footing in new polymer modified asphalt pavement reinforced with 

geogrid together with geocomposite 
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Figure A.5 (a) Relationship between footing pressure and footing settlement in 

overlayed polymer modified asphalt pavement  

 

 
Figure A.5 (b)Relationship between footing settlement and elapsed time in overlayed 

polymer modified asphalt pavement 
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Figure A.5 (c) Relationship between permanent settlement of footing and number of 

cycle in overlayed polymer modified asphalt pavement 
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Figure A.5 (d)Relationship between surface settlement and distance from center of 

footing in overlayed polymer modified asphalt pavement 
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Figure A.6 (a) Relationship between footing pressure and footing settlement in 

overlayed polymer modified asphalt pavement reinforced with geogrid  

 

 
Figure A.6 (b)Relationship between footing settlement and elapsed time in overlayed 

polymer modified asphalt pavement reinforced with geogrid 
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Figure A.6 (c) Relationship between permanent settlement of footing and number of 

cycle in overlayed polymer modified asphalt pavement reinforced with 

geogrid 
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Figure A.6 (d)Relationship between surface settlement and distance from center of 

footing in overlayed polymer modified asphalt pavement reinforced with 

geogrid 
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Figure A.7 (a) Relationship between footing pressure and footing settlement in 

overlayed polymer modified asphalt pavement reinforced with 

geocomposite  

 

 
Figure A.7 (b)Relationship between footing settlement and elapsed time in overlayed 

polymer modified asphalt pavement reinforced with geocomposite 
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Figure A.7 (c) Relationship between permanent settlement of footing and number of 

cycle in overlayed polymer modified asphalt pavement reinforced with 

geocomposite 
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Figure A.7 (d)Relationship between surface movement and distance from center of 

footing in overlayed polymer modified asphalt pavement reinforced with 

geocomposite 
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Figure A.8 (a) Relationship between footing pressure and footing settlement in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite 

 

 
Figure A.8 (b)Relationship between footing settlement and elapsed time in overlayed 

polymer modified asphalt pavement reinforced with geogrid together 

with geocomposite 
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Figure A.8 (c) Relationship between permanent settlement of footing and number of 

cycle in overlayed polymer modified asphalt pavement reinforced with 

geogrid together with geocomposite 
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Figure A.8 (d)Relationship between surface surface and distance from center of footing 

in overlayed polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite 
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APPENDIX B. 

 
The distribution of maximum shear strain 
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Figure B.1 (a) Maximum shear strain distribution at 5 cycles of cyclic loading in new 

polymer modified asphalt pavement (NPNO) 

 

 
Figure B.1 (b) Maximum shear strain distribution at 10 cycles of cyclic loading in new 

polymer modified asphalt pavement (NPNO) 
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Figure B.1 (c) Maximum shear strain distribution at 190 cycles of cyclic loading in new 

polymer modified asphalt pavement (NPNO) 

 

 
Figure B.1 (d) Maximum shear strain distribution at 195 cycles of cyclic loading in new 

polymer modified asphalt pavement (NPNO) 
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Figure B.1 (e) Maximum shear strain distribution at 200 cycles of cyclic loading in new 

polymer modified asphalt pavement (NPNO) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

2

4

6

8

10

12

14

16

18

20


max(%)

NPNO N
c
 = 200



173 

 

 
Figure B.2 (a) Maximum shear strain distribution at 5 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geogrid (NPGG) 

 

 
Figure B.2 (b) Maximum shear strain distribution at 10 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geogrid (NPGG) 
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Figure B.2 (c) Maximum shear strain distribution at 190 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geogrid (NPGG) 

 

 
Figure B.2 (d) Maximum shear strain distribution at 195 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geogrid (NPGG) 
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Figure B.2 (e) Maximum shear strain distribution at 200 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geogrid (NPGG) 
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Figure B.3 (a) Maximum shear strain distribution at 5 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geocomposite 

(NPGT)  

 

 
Figure B.3 (b) Maximum shear strain distribution at 10 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geocomposite 

(NPGT) 
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Figure B.3 (c) Maximum shear strain distribution at 190 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geocomposite 

(NPGT) 

 

 
Figure B.3 (d) Maximum shear strain distribution at 195 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geocomposite 

(NPGT) 
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Figure B.3 (e) Maximum shear strain distribution at 200 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geocomposite 

(NPGT) 
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Figure B.4 (a) Maximum shear strain distribution at 5 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geogrid and 

geocomposite (NPGGGT) 

 

 
Figure B.4 (b) Maximum shear strain distribution at 10 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geogrid and 

geocomposite (NPGGGT) 
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Figure B.4 (c) Maximum shear strain distribution at 190 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geogrid and 

geocomposite (NPGGGT) 

 

 
Figure B.4 (d) Maximum shear strain distribution at 195 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geogrid and 

geocomposite (NPGGGT) 
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Figure B.4 (e) Maximum shear strain distribution at 200 cycles of cyclic loading in new 

polymer modified asphalt pavement reinforced with geogrid and 

geocomposite (NPGGGT) 
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Figure B.5 (a) Maximum shear strain distribution at 5 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement (DMNO) 

 

 
Figure B.5 (b) Maximum shear strain distribution at 10 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement (DMNO) 
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Figure B.5 (c) Maximum shear strain distribution at 190 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement (DMNO) 

 

 
Figure B.5 (d) Maximum shear strain distribution at 195 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement (DMNO) 
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Figure B.5 (e) Maximum shear strain distribution at 200 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement (DMNO) 
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Figure B.6 (a) Maximum shear strain distribution at 5 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

(DMGG)  

 

 
Figure B.6 (b) Maximum shear strain distribution at 10 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

(DMGG) 
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Figure B.6 (c) Maximum shear strain distribution at 190 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

(DMGG) 

 

 
Figure B.6 (d) Maximum shear strain distribution at 195 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

(DMGG) 
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Figure B.6 (e) Maximum shear strain distribution at 200 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

(DMGG) 
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Figure B.7 (a) Maximum shear strain distribution at 5 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with 

geocomposite (DMGT) 

 

 
Figure B.7 (b) Maximum shear strain distribution at 10 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with 

geocomposite (DMGT) 
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Figure B.7 (c) Maximum shear strain distribution at 195 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with 

geocomposite (DMGT) 

 

 
Figure B.7 (d) Maximum shear strain distribution at 195 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with 

geocomposite (DMGT) 
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Figure B.7 (e) Maximum shear strain distribution at 200 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with 

geocomposite (DMGT) 
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Figure B.8 (a) Maximum shear strain distribution at 5 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite (DMGGGT) 

 

 
Figure B.8 (b) Maximum shear strain distribution at 10 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite (DMGGGT) 
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Figure B.8 (c) Maximum shear strain distribution at 190 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite (DMGGGT) 

 

 
Figure B.8 (d) Maximum shear strain distribution at 195 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite (DMGGGT) 
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Figure B.8 (e) Maximum shear strain distribution at 200 cycles of cyclic loading in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite (DMGGGT) 
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Figure B.9 (a) Relationship between the averages of maximum shear strain distribution 

(γmax) and number of cycle in new polymer modified asphalt pavements 

 

 

 
 

Figure B.9 (b) Relationship between the averages of maximum shear strain distribution 

(γmax) and number of cycle in overlayed polymer modified asphalt 

pavements 
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APPENDIX C. 
Settlement underneath polymer modified asphaltic pavement  

and averaged net deformation of polymer modified asphaltic pavement 
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Figure C.1 (a) Settlement underneath polymer modified asphaltic pavement in new 

polymer modified asphalt pavement (NPNO) 

 

 

 

 

 

 

 

 

 

 

8

6

4

2

0

Lengthwise locations, x (mm)

 S
e

tt
le

m
e

n
t 
u

n
d

e
rn

e
a

th
 p

o
ly

m
e

r 
m

o
d

if
ie

d
 a

s
p

h
a

lt
 p

a
v
e

m
e

n
t,
 s

P
M

A
 (

m
m

)

 

 

 
 

NPNO

8

6

4

2

0

NPNO  Nc = 5Center

Nc = 200

Nc = 195

Nc = 190

Nc = 10NPNO

 

 

NPNO

 

 

NPNO

 

 

NPNO

 

8

6

4

2

0

8

6

4

2

0

-100 -50 0 50 100

8

6

4

2

0



197 

 

 
 

Figure C.1 (b)Relationship between averaged settlement underneath polymer modified 

asphaltic pavement along the width of footing and number of cycle in 

new polymer modified asphalt pavement  

 

 
Figure C.1 (c) Relationship between averaged net deformation of polymer modified 

asphaltic pavement and number of cycle in new polymer modified 

asphalt pavement  
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Figure C.2 (a) Settlement underneath polymer modified asphaltic pavement in new 

polymer modified asphalt pavement reinforced with geogrid (NPGG) 
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Figure C.2 (b)Relationship between averaged settlement underneath polymer modified 

asphaltic pavement along the width of footing and number of cycle in 

new polymer modified asphalt pavement reinforced with geogrid 

 

 
Figure C.2 (c) Relationship between averaged net deformation of polymer modified 

asphaltic pavement and number of cycle in new polymer modified 

asphalt pavement reinforced with geogrid 
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Figure C.3 (a) Settlement underneath polymer modified asphaltic pavement in new 

polymer modified asphalt pavement reinforced with geocomposite 

(NPGT) 
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Figure C.3 (b)Relationship between averaged settlement underneath polymer modified 

asphaltic pavement along the width of footing and number of cycle in 

new polymer modified asphalt pavement reinforced with geocomposite 

 

 
Figure C.3 (c) Relationship between averaged net deformation of polymer modified 

asphaltic pavement and number of cycle in new polymer modified 

asphalt pavement reinforced with geocomposite 
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Figure C.4 (a) Settlement underneath polymer modified asphaltic pavement in new 

polymer modified asphalt pavement reinforced with geogrid together 

with geocomposite (NPGT) 
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Figure C.4 (b)Relationship between averaged settlement underneath polymer modified 

asphaltic pavement along the width of footing and number of cycle in 

new polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite 

 

 
Figure C.4 (c) Relationship between averaged net deformation of polymer modified 

asphaltic pavement and number of cycle in new polymer modified 

asphalt pavement reinforced with geogrid together with geocomposite 
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Figure C.5 (a) Settlement underneath polymer modified asphaltic pavement in 

overlayed polymer modified asphalt pavement (DMNO) 
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Figure C.5 (b)Relationship between averaged settlement underneath polymer modified 

asphaltic pavement along the width of footing and number of cycle in 

overlayed polymer modified asphalt pavement 

 

 
Figure C.5 (c) Relationship between averaged net deformation of polymer modified 

asphaltic pavement and number of cycle in overlayed polymer modified 

asphalt pavement 
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Figure C.6 (a) Settlement underneath polymer modified asphaltic pavement in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

(DMGG)  
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Figure C.6 (b)Relationship between averaged settlement underneath polymer modified 

asphaltic pavement along the width of footing and number of cycle in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

 

 
Figure C.6 (c) Relationship between averaged net deformation of polymer modified 

asphaltic pavement and number of cycle in overlayed polymer modified 

asphalt pavement reinforced with geogrid 
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Figure C.7 (a) Settlement underneath polymer modified asphaltic pavement in 

overlayed polymer modified asphalt pavement reinforced with 

geocomposite (DMGT) 
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Figure C.7 (b)Relationship between averaged settlement underneath polymer modified 

asphaltic pavement along the width of footing and number of cycle in 

overlayed polymer modified asphalt pavement reinforced with 

geocomposite 

 

 
Figure C.7 (c) Relationship between averaged net deformation of polymer modified 

asphaltic pavement and number of cycle in overlayed polymer modified 

asphalt pavement reinforced with geocomposite 

1 10 100 1000

1

2

3

4

R
2
 = 0.99475

 

 

A
v
e
ra

g
e
d
 s

e
tt

le
m

e
n
t 

u
n
d
e
rn

e
a
th

 P
M

A
 p

a
v
e
m

e
n
t

a
lo

n
g
 t

h
e
 w

id
th

 o
f 

fo
o
ti
n
g
, 

s
P

M
A

,a
v
g
 (

m
m

)

Number of cycles, Nc

Y = 0.67852 + 0.93178 log
10

 (X)

Overlayed Pavement

New Pavement

Geocomposite

1 10 100 1000
1

2

3

4

5

6

7

R
2
 = 0.99872

 

 

A
v
e
ra

g
e
d
 n

e
t 

d
e
fo

rm
a
ti
o
n
 o

f

P
M

A
 p

a
v
e
m

e
n
t,

 
s

P
M

A
,a

v
g
 (

m
m

)

Number of cycles, Nc

Y = -0.02792 + 2.68948 log
10

 (X)

Overlayed Pavement

New Pavement

Geocomposite



210 

 

 
Figure C.8 (a) Settlement underneath polymer modified asphaltic pavement in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite (DMGGGT) 

  

 

 

 

 

 

 

 

 

 

 

 

8

6

4

2

0

Lengthwise locations, x (mm)

 S
e

tt
le

m
e

n
t 
u

n
d

e
rn

e
a

th
 p

o
ly

m
e

r 
m

o
d

if
ie

d
 a

s
p

h
a

lt
 p

a
v
e

m
e

n
t,
 s

P
M

A
 (

m
m

)

 

 

 
 

DMGGGT

8

6

4

2

0

DMGGGT  Nc = 5Center

Nc = 200

Nc = 195

Nc = 190

Nc = 10DMGGGT

 

 

DMGGGT

 

 

DMGGGT

 

 

DMGGGT

 

8

6

4

2

0

8

6

4

2

0

-100 -50 0 50 100

8

6

4

2

0



211 

 

 
Figure C.8 (b)Relationship between averaged settlement underneath polymer modified 

asphaltic pavement along the width of footing and number of cycle in 

overlayed polymer modified asphalt pavement reinforced with geogrid 

together with geocomposite 

 

 
Figure C.8 (c) Relationship between averaged net deformation of polymer modified 

asphaltic pavement and number of cycle in overlayed polymer modified 

asphalt pavement reinforced with geogrid together with geocomposite 
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APPENDIX D. 
 

Equation of relationship between permanent settlement of footing and number of cycle 
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Figure D.1 (a) Equation of relationship between permanent settlement of footing and 

number of cycle in new unreinforced polymer modified asphalt 

pavements  

 

 

 
Figure D.1 (b)Equation of relationship between permanent settlement of footing and 

number of cycle in new polymer modified asphalt reinforced with 

geogrid pavements  
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Figure D.1 (c) Equation of relationship between permanent settlement of footing and 

number of cycle in new polymer modified asphalt reinforced with 

geocomposite pavements  

 

 
Figure D.1 (d)Equation of relationship between permanent settlement of footing and 

number of cycle in new polymer modified asphalt reinforced with 

goegrid together with geocomposite pavements  
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Figure D.2 (a) Equation of relationship between permanent settlement of footing and 

number of cycle in overlayed unreinforced polymer modified asphalt 

pavements  

 

 
Figure D.2 (b)Equation of relationship between permanent settlement of footing and 

number of cycle in overlayed polymer modified asphalt reinforced with 

geogrid pavements  
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Figure D.2 (c) Equation of relationship between permanent settlement of footing and 

number of cycle in overlayed polymer modified asphalt reinforced with 

geocomposite pavements  

 

 
Figure D.2 (d)Equation of relationship between permanent settlement of footing and 

number of cycle in overlayed polymer modified asphalt reinforced with 

goegrid together with geocomposite pavements  
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APPENDIX E. 
Cost of the model pavements 
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Table E.1  Cost of the model new pavements per a model in laboratory (Baht) 

Type of Geosynthetics PMA. pavement HMA. pavements 

1. None 194 144.60 

2. Geogrid 250 200.60 

3. Geocomposite 286 236.60 

4. Geogrid + Geocomposite 342 292.60 

 

 

Table E.2  Cost of the model overlayed pavements per a model in laboratory (Baht) 

Type of Geosynthetics PMA. pavement HMA. pavements 

1. None 154.30 129.60 

2. Geogrid 210.30 185.60 

3. Geocomposite 246.30 221.60 

4. Geogrid + Geocomposite 302.30 277.60 

 

Remark: Cost of material   

Polymer Modified Asphalt Cement (PM-AC) 40,000 Baht/ton 

 Asphalt Cement Grade 60-70 (AC 60-70) 21,000 Baht/ton 

 Geogrid          140  Baht/m
2 

 Geocomposite         230 Baht/m
2
 

 Rock (all sizes)           30  Baht/25 kg 

 

 

 

 

 

 

 

 

 

 


