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APPENDIX A

Equivalent elastic modulus, E_ (E, andE, ) and

: . -
Equivalent Poisson’s ratio, v, (v, andv, )
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Figure A.9(b) Relationship between vertical strain and horizontal strain obtained from
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Figure A.10(a) Relationship between horizontal stress and horizontal strain obtained
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Figure A.10(b) Relationship between vertical strain and horizontal strain obtained from
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2.14 g/em® and VMA =22.411 %
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Figure A.11(a) Relationship between horizontal stress and horizontal strain obtained
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Figure A.12(a) Relationship between horizontal stress and horizontal strain obtained
from minute cyclic loading test on PMA-3H from test HLC-02, density
=2.36 g/cm’ and VMA = 14.753 %
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Figure A.12(b) Relationship between vertical strain and horizontal strain obtained from
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2.36 g/em® and VMA = 14.753 %
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Figure A.13(a) Relationship between horizontal stress and horizontal strain obtained
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APPENDIX B
Calculation of voids in mineral aggregate for PMA-1, PMA-2 and PMA-3
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Calculation of voids in mineral aggregate for PMA-1V, PMA-1H, PMA-2V, PMA-
2H, PMA-3V and PMA-3H

Asphaltic cement content (Pg) =5 %
Asphaltic absorption (Pgs) =0.38 %
Relative density of aggregate (RDaggregate) = 2.63
Relative density of asphaltic (RDasphaiic) = 1.037

PMA-1V and PMA-1H: Density = 1.90 g/cm’

Sol" Assume: V=1m’
M = pV = 1,900 x 1
Mg = (Pg/100xM) = (5/100) x 1,900
Mg = M-Mg = 1,900 - 95
Mga = (Ppa/100) x Mg =  (0.38/100) x 1,805
MBE = MB'MBA & 95 - 6.859
Vg e Mg/ (RDaggregate X pw)
= 1,805 /(2.63 x 1,000)
= 0.686m’
VBE = Mgg/ (RDasphattic X Py )

Va

. VMA

Il

Il

Il

88.14/(1.037 x 1,000)
0.085 m’

V — (Vg + VgE)

1 - (0.686 + 0.085)

0.228 m’

[(VBe + Va)/ V] x 100
[(0.085 + 0.228) / 1] x 100
31.369 %

PMA-2V and PMA-2H: Density = 2.15 g/cm®

Sol" Assume: V =1m’
M = pV = 2,150 x 1
Mg = (Pg/100 xM) = (5/100) x 2,150
Mg = M- Mg = 2,150-107.5
Mga = (Ppa/100) x Mg = (0.38/100) x 2,042.5
MBE = MB-MBA = 107.5-17.762
Vg = Mg/ (RDaggrcgate 28 Pw)

VBE

Va

. VMA

2,042.5/(2.63 x 1,000)
0.777 m’

MgE / (RDasphatiic X Py )
99.739 / (1.037 x 1,000)
0.096 m’

V #{VaE V)
1-(0.777 + 0.096)
0.127 m*

[(VBE =+ VA) / V] X 100
[(0.096 + 0.127) / 1] x 100
22.339%

= 1,900 kg
= "95% kg
= 1,805 kg
6.859 kg
88.14 kg

=2,150 kg
=107.5 kg
=2,042.5kg
=7.762 kg
=99.739 kg



PMA-3V and PMA-3H: Density = 2.37 g/cm’

Sol"

Assume: V=1m’

VBE

Va

. VMA

Il

151

pV = 2,370 x 1 =2370 kp
(Pg/100xM) = (5/100) x 2,370 =118.5 kg
M- Mg = 2,370 -118.5 =2,251.5kg
(Pea/100) x Mg = (0.38/100) x 2,251.5 =8.556 kg
Mpg-Mga = 118.5-8.556 =109.94 kg
Mg/ (RDaggregate X pw)

2,251.5/(2.63 x 1,000)

0.856 m*

MBgE / (RDasphattic X Py )
109.944 / (1.037 x 1,000)

0.106 m*

V - (Vg + Vgg)
1-(0.856 + 0.106)
0.038 m*

[(Ve + Va)/ V] x 100
[(0.106 +0.038) / 1] x 100

14.392 %
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Calculation of voids ratio (eg) for PMA
Asphaltic cement content = 5 %

PMA-1V and PMA-1H: Density = 1.90 g/cm’
Voids in mineral aggregate (VMA) = 31.369 %

7 7 7 _ ) €0 = (Vair + Vasphait)/Vaggrega
P80 | A 0=EVA+VBE)/p\h/2) %
0313691 = 0.31369/0.68631 = 0.4571

| 0095 | Asphalt | ooss

I , 1.9
0.68631 | | Aggregate | |1.805

PMA-2V and PMA-2H: Density = 2.15 g/cm’
Voids in mineral aggregate (VMA) =22.338 %

7 7 7y ) 7 ) (Vair+Vasphalt)/V aggregate
0.11588 Arr =(VatVee)/Vg
0.22338 i =0.22338/0.77662 = 0.2876

.
01075 | | Asphat | fo.1075
1 N 215

0.77662 | | Aggregate | |2.0425

PMA-3V and PMA-3H: Density = 2.37 g/cm’
Voids in mineral aggregate (VMA) = 14.392 %

[y 'y } 7Y €1 = (Vair+Vasphalt)/V aggregate
0.0254 Air =(VatVgg)/Vg
0.14392 J‘:. =0.14392/0.8561 =0.1681
0.1185 Asphalt 0.1185
1 ' i 23

0.8561f | Aggregate | |22515




APPENDIX C

The coefficient of determination (R?) of equivalent stiffness
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Table C.1 Summary of determination (Rz) of equivalent stiffness for the vertical and
horizontal of PMA at different densities

. Series Density VMA
Stiffness type e (g/cm’) (%) R?
Vertical equivalent | _PMA-V 1.90 31369 | 0.9532
elastic modulus, E, | _PMA2V 2.15 22339 | 0.9445
-« [TPMA-3V 237 14392 | 0.9389
Horizontal equivalent | _PMA-1H 1.90 31369 | 0.9546
elastic modulus, E, | PMA2H 2.15 22339 | 0.9424
- [TPMA-3H 237 14392 | 0.9653
Vertical-horizontal | FHPo 59 L 31369 | 08720
P s : ) t' X - . . .
OISSON'S 1allo, Vi " pMAZY 237 14392 | 0.9526
. ] PMA-1H 1.90 31369 | 0.9769
H tal-vertical
. el T 2.15 22339 | 08374
oisson’s ratio, v, .,
@ [TPMA3H 237 14392 | 09744




APPENDIX D
The density of PMA specimen (p)



156

Table D.1 Summary of density (p) of the vertical and horizontal of PMA at different
densities for monotonic loading test

Series awe b Density VMA
name . (g/em®) (%) .
VSM-01 1.91 31.007 0.449
PMA-1V VSM-02 1.91 31.007 0.449
VSM-03 1.91 31.007 0.449
VMM-01 2.15 22.339 0.288
PMA-2V VMM-02 215 22.339 0.288
VMM-03 2.14 22.699 0.294
VLM-01 2.36 14.753 0.173
PMA-3V VLM-02 2.36 14.753 0.173
VLM-03 2.35 15.114 0.178
HSM-01 1.90 31.369 0.457
PMA-1H HSM-02 1.90 31.369 0.457
HSM-03 1.89 31.731 0.465
HMM-01 2.14 22699 | 0294
PMA-2H HMM-02 2.15 22.339 0.288
HMM-03 2.15 22.339 0.288
HLM-01 2.35 15.114 0.178
PMA-3H HLM-02 2.36 14.753 0.173
HLM-03 2.36 14.753 0.173
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Table D.2 Summary of density (p) of the vertical and horizontal of PMA at different
densities for cyclic loading test

i Test name | - N YN e
name (g/em’) (%)
VSC-01 1.90 31369 | 0457
PMA-1V VSC-02 1.89 34,731 0.465
VSC-03 1.90 31.369 0.457
VMC-01 26 22.339 0.288
PMA-2V VMC-02 22415 22.339 0.288
VMC-03 2.13 23.061 0.300
VLC-01 2.37 14.392 0.168
VLC-02 ) 15.114 0.178
PMA-28 VLC-03 2.35 15.114 0.178
VLC-04 2.36 14.753 0.173
HSC-01 1.90 31.369 0.457
PMA-1H HSC-02 1.92 30.646 0.442
HSC-03 1.90 31.369 0.457
HMC-01 2.15 22339 | 0.288
PMA-2H HMC-02 2.14 22.699 0.294
HMC-03 2.14 22.699 0.294
HLC-01 2.37 14.392 0.168
PMA-3H HLC-02 2.36 14.753 0.173
HLC-03 2.35 15.114 0.178




158

CURRICULUM VITAE

NAME

DATE OF BIRTH

EDUCATIONAL RECORD

HIGH SCHOOL

BACHELOR’S DEGREE

MASTER’ S DEGREE

PUBLICATION

Mr. Chaloemchai Tongnuapad

December 5, 1986

Prachinratsadornamroong School,
Prachinburi, 2003

Bachelor of Engineering (Civil Engineering)
King Mongkut’s University of Technology
Thonburi, 2008

Master of Engineering (Civil Engineering)
King Mongkut’s University of Technology
Thonburi, 2011

Tongnuapad C., Kongkitkul W., Jongpradist P.,
2011, “Strength and deformation behaviors of
polz'mer midified asphalt”, Proceedings of the
16" National Convention on Civil Engineering,
GTE-020, 20 May 2011, The Zign Hotel Pattaya
Chonburi.



King Mongkut’s University of Technology Thonburi
Agreement on Intellectual Property Rights Transfer for Postgraduate Students

Date...7 December 2011......

Surname/Famal VN ame e 1 o1 g il i el o e - s - 2o g0 o < -« MWl s s s 4 19
Student Number...52400324................ who is a student of King’s Mongkut’s University of
Technology Thonburi (KMUTT) in O Graduate Diploma & Master Degree

O Doctoral Degree
Program...... Master of Engineering.................... Field of Study...Civil Engineering......
Faculty/School...... AP MerrillP ™ o . ..... 0. N LT N A
Home Address...127/5...Moo......7......Tambon...Ban Phra....... District....Muang............
Province.... .. Prachinburi.....Post Code.....25230...... Country....Thailand.......

I, as ‘Transferer’, hereby transfer the ownership of my thesis copyright to King’s Mongkut’s
University of Technology Thonburi who has appointed Assoc. Prof. Dr. Piyabutr
Wanichpongpan Associate Dean for Ademic Affairs (Acting for Dean) to be ‘Transferee’
of copyright ownership under the ‘Agreement’ as follows.

1. I am the author of the thesis entitled... Anisotropic Elastic Properties of Polymer-
Modified Asphalt......under the supervision of ... Asst. Prof. Dr. Warat Kongkitkul...who
is my supervisor, and/or... Asst. Prof. Dr. Pornkasem Jongpradist............ who is/are my
co-supervisor(s), in accordance with the Thai Copyright Act B.E. 2537. The thesis is a part of
the curriculum of KMUTT.

2. 1 hereby transfer the copyright ownership of all my works in the thesis to KMUTT
throughout the copyright protection period in accordance with the Thai Copyright Act B.E.
2537, effective on the approval date of thesis proposal consented by KMUTT.

3. To have the thesis distributed in any form of media, I shall in each and every case
stipulate the thesis us the work of KMUTT.

4. For my own distribution of thesis or the reproduction, adjustment, or distribution of
thesis by the third party in accordance with the Thai Copyright Act B.E. 2537 with
remuneration in return, I am subject to obtain a prior written permission from KMUTT.

5. To use any information from my thesis to make an invention or create any
intellectual property works within ten (10) years from the date of signing this Agreement, [ am
subject to obtain prior written permission from KMUTT, and KMUTT is entitled to have
intellectual property rights on such inventions or intellectual property works, including
entitling to take royalty from licensing together with the distribution of any benefit deriving
partly or wholly from the works in the future, conforming with the Regulation of King
Mongkut’s Institute of Technology Thonburi Re the Administration of Benefits deriving from
Intellectual Property B.E. 2538.



6. If the benefits arise from my thesis or my intellectual property works owned by
KMUTT, I shall be entitled to gain the benefits according to the allocation rate stated in the
Regulation of King Mongkut’s Institute of Technology Thonburi Re the Administration of
Benefits deriving from Intellectual Property B.E. 2538.

Signature...........\.%f‘.‘,‘ﬁ./‘?. ........................... Transferor
(Mr. Chalermchai Tongnuapad)

Signature............ ?tf" e Transferee

(Assoc. Prof. Dr. Piyabutr Wanichpongpan)
Associate Dean for Academic Affairs (Acting for Dean)

Signature..[/.\?sma.ksa!\. ....................... Witness
(Asst. Prof. Dr. Warat Kongkitkul)

Signature Witness
(Prof. Dr. Chai Jaturapitakkul)







