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53920997: MAJOR: MASTER OF ENGINEERING; M.Eng.
(ENGINEERING TECHNOLOGY)
KEYWORDS: PAVEMENT IN-PLACE RECYCLING/ SAWING MACHINE METHOD/
RECLAIMED ASPHALT PAVEMENT METHOD/ DIRECT IN-SITU
METHOD
TAWEESAK JIAMRATTANOPAS: A STUDY FOR SUITABLE SAMPLING
METHODS FOR THE PAVEMENT IN-PLACE RECYCLING: A CASE STUDY OF
PAVEMENT IN-PLACE RECYCLING PROCESS ON HIGHWAY NO. 344. ADVISORY

COMMITTEE: ARNON WONGKAEW, Ph.D. 71 P. 2017.

This independent project aims to study sampling methods of the raw materials for
determining the appropriate amount of cement using in the pavement in-place recycling road
reconstruction. By comparing the sampling methods named as Sawing Machine (SAW) and
Reclaimed Asphalt Pavement (RAP) with the Direct In-situ Method (Direct) sampling from the
pavement in-place recycling machine, engineers can predict the precise amount of cement
contents rather than using the cement content of 4.0% by mass of aggregate for every budget
estimation. All sample specimens from these three methods are tested in the laboratory under the
Department of Highway’s standard code of Thailand. Sieve analysis, optimum moisture content,
and compressive strength are the analytical data using for optimizing the amount of cement.

Based on the test results, the optimum cement contents are 3.7%, 3.6%, and 3.5%
by mass aggregate for SAW, RAP, and Direct, respectively. It can be seen that all three methods
result in small cement contents of 4.0% estimating from the experience. This can lead to 7.5%,
10.0%, and 12.50% decreasing in pavement recycling cost comparing between SAW, RAP,
Direct, respectively, to experience. It can conclude that SM and RAP can be recommended to use
for computing the suitable cement contents of pavement in-place recycling road reconstruction

project for the Department of Highway of Thailand.
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Sieve Analysis (% Passing)

Sample 50 25 19 9.5 # # # #
mm mm mm mm 4 10 40 200
1 100 90.1 81.5 54.4 35.9 21.0 15.7 6.4
2 100 87.2 80.1 58.4 38.3 21.6 15.0 6.7
3 100 91.7 79.6 57.8 339 24.8 16.5 6.2
4 100 90.1 81.2 55.3 35.1 20.7 14.2 5.0
5 100 89.4 77.1 57.3 393 19.5 15.4 59
AVG. 100 89.7 79.9 56.6 36.5 21.5 15.4 6.0
A15197 42 VNAAazYRIRIBdeH IdnmsiiudIee19d633 19mnin
Sieve Analysis (% Passing)
Sample 50 25 19 9.5 # # # #
mm mm mm mm 4 10 40 200
1 100 94.6 81.9 57.7 41.5 28.0 16.2 7.3
2 100 92.0 83.5 60.3 38.2 27.5 16.8 7.2
3 100 94.6 83.9 56.7 393 26.0 15.9 6.2
4 100 934 84.6 59.5 40.9 26.7 17.5 6.9
5 100 95.8 85.8 54.4 37.1 29.0 15.3 6.0
AVG. 100 94.1 83.9 57.7 394 274 16.3 6.7
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Sieve Analysis (% Passing)

Sample 50 25 19 9.5 # # # #
mm mm mm mm 4 10 40 200
1 100 97.7 88.0 65.0 44.0 26.1 17.3 8.5
2 100 95.3 89.2 67.3 39.7 27.4 16.6 8.8
3 100 94.4 88.4 67.8 43.6 26.2 17.8 9.0
4 100 93.9 86.9 69.5 41.2 23.5 15.0 9.2
5 100 94.7 87.5 68.9 39.2 243 19.1 10.0
AVG. 100 95.2 88.0 67.7 41.5 25.5 17.2 9.1
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Trial (Water Added, %) 0 2 4 6 8
Dry Density (gm./ml.) 2.035 2.146 2.279 2.201 2.138
Water Content (%) 0.6 2.6 4.7 7.1 9.0
Dry Density (gm./ml.) 2.031 2.144 2.275 2.195 2.139
Water Content (%) 0.7 2.6 4.8 7.3 8.9
Dry Density (gm./ml.) 2.041 2.161 2.290 2.234 2.156
Sample
Water Content (%) 0.3 2.2 42 6.7 8.6
Dry Density (gm./ml)  2.146 2229 2285 2250  2.201
Water Content (%) 0.8 2.7 4.5 6.5 8.3
Dry Density (gm./ml.) 2.091 2.208 2.275 2.267 2.216
Water Content (%) 0.3 2.7 4.4 6.1 8.1
Dry Density (gm./ml.) 2.069 2.178 2.281 2.229 2.170
Average
Water Content (%) 0.5 2.6 4.5 6.7 8.6
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Trial (Water Added, %) 0 2 4 6 8

Dry Density (gm./ml.) 2.183 2.244 2.289 2.210 2.124

Water Content (%) 0.7 2.6 4.5 6.5 8.4

Dry Density (gm./ml.) 2.152 2.244 2.286 2.239 2.151
? Water Content (%) 0.5 2.8 4.6 6.5 8.7

Dry Density (gm./ml.) 2.095 2.223 2.289 2.199 2.150

Sample 3

Water Content (%) 0.6 2.7 4.5 6.8 8.3

Dry Density (gm./ml)  2.137 2238 2280 2256  2.189
* Water Content (%) 1.1 2.8 4.7 6.2 8.7

Dry Density (gm./ml.) 2.172 2.244 2.288 2.203 2.120
’ Water Content (%) 0.8 2.8 4.7 6.4 8.8

Dry Density (gm./ml.) 2.148 2.239 2.286 2.221 2.147
Average
Water Content (%) 0.7 2.7 4.6 6.5 8.6
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Trial (Water Added, %) 0 2 4 6 8

Dry Density (gm./ml.) 2.119 2.220 2.302 2.262 2.217

Water Content (%) 1.2 3.0 4.9 6.6 8.2

Dry Density (gm./ml.) 2.123 2.208 2.291 2.243 2.176
? Water Content (%) 0.9 2.8 5.1 6.6 8.7

Dry Density (gm./ml.) 2.085 2.197 2.291 2.256 2.214

Sample 3

Water Content (%) 0.7 2.8 4.8 6.9 8.5

Dry Density (gm./ml.) 2.189 2.252 2.297 2.230 2.176
* Water Content (%) 1.1 3.1 5.2 7.1 8.8

Dry Density (em./ml)  2.176 2239 2285 2218  2.162
. Water Content (%) 1.2 3.2 5.3 7.2 9.0

Dry Density (gm./ml.) 2.138 2.223 2.293 2.242 2.189
Average
Water Content (%) 1.0 3.0 5.1 6.9 8.6
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Trial Cement (%) 2.0 3.0 4.0 5.0

1 16.9 21.9 324 37.7

Unconfined Compressive Strength 2 17.7 243 33.2 36.3
of the sample: 3 16.8 22.2 31.7 36.3
UCS (ksc) 4 16.4 24.7 31.0 36.2

5 15.2 23.7 31.8 38.0

Average 16.6 23.4 32.0 36.9

A 1 o o W % =y 4 < o ] 9 axqg Y a
AT NN 4-8 mmaﬂsuuiﬂammzﬂ?mm%mummmimumamqmmﬂ%mﬂm

Trial Cement (%) 2.0 3.0 4.0 5.0

1 20.2 25.8 29.4 34.7

Unconfined Compressive Strength 2 19.0 25.8 30.8 34.7
of the sample: 3 19.0 25.9 31.9 34.4
UCS (ksc) 4 19.2 25.3 30.3 36.4

5 20.1 27.2 30.4 343

Average 19.5 26.0 30.6 34.9
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Trial Cement (%) 2.0 3.0 4.0 5.0

1 21.5 25.7 30.0 34.8

Unconfined Compressive Strength 2 21.7 26.5 30.9 35.8
of the sample: 3 234 27.1 28.9 353
UCS (ksc) 4 21.8 25.5 29.8 34.3

5 23.4 25.8 30.0 34.1

Average 22.4 26.1 29.9 34.9
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