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รูปที่ ก เครื่องมือ อุปกรณ์และตัวอย่าง ในการออกแบบส่วนผสมแอสฟิลต์คอนกรีตตามวิธีมาร์แชล



Chulalongkorn University, Department of Civil Engineering
Hot-Mix Design Data by Marshall Method

Project description: ขนาดคละ!หนอ Restricted zone (Gradation # 1) Pen Grade AC: AC 60-70
Specific Gravity AC (Gac) : 1.031 Design Traffic: Medium
Avg Bulk Sp. Gr. Total Agg (Gag): 2.62 Avg Effective Sp. Gr. Total Agg (Gse):2.64
Maximum Specific Gravity of Mixture@6%AC :2.428 %Asphalt absorption (x) :0.34

No. %AC 
by wgt 
of Agg

%AC 
by wgt 
of Mix

%eff 
AC by 
wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

%Volume
AC

%Volume
aggregate

%VMA %Air
Void

%VFB Max
sp.gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In water Read

(ขีด)
Measured factor Adjusted Reading ค่าที่ได้

(0.25mm)

1 6.00 5.66 5.02 6.78 1259.3 1261.2 702.2 559.0 2.25 10.97 81.12 19.18 7.22 62.37 2.428 70 9000 0.91 8190 95 9.5
2 6.00 5.66 5.02 6.75 1258.9 1260.7 701.2 559.5 2.25 10.95 81.02 19.27 7.33 61.97 70 9000 0.91 8190 80 8.0
3 6.00 5.66 5.02 6.66 1257.2 1259.2 701.0 558.2 2.25 10.96 81.10 19.19 7.24 62.29 66 8000 0.93 7440 102 10.2

Avg 6.00 2.25 19.21 7.26 62.21 7940 9.2
4 6.50 6.10 5.41 6.91 1271.0 1273.0 712.4 560.6 2.27 11.90 81.25 19.09 6.03 68.42 2.413 75 10000 0.87 8700 115 11.5
5 6.50 6.10 5.41 6.87 1268.5 1270.2 710.4 559.8 2.27 11.89 81.21 19.13 6.08 68.23 70 9000 0.88 7920 120 12.0
6 6.50 6.10 5.41 6.88 1268.7 1270.4 710.5 559.9 2.27 11.89 81.21 19.14 6.08 68.22 80 10000 0.88 8800 100 10.0

Avg 6.50 2.27 19.12 6.06 68.29 8473 11.2
7 7.00 6.54 5.80 6.87 1273.6 1275.1 715.7 559.4 2.28 12.80 81.21 19.18 5.04 73.72 2.398 75 10000 0.88 8800 120 12.0
8 7.00 6.54 5.80 6.91 1275.9 1277.4 717.2 560.2 2.28 12.80 81.24 19.15 5.01 73.86 65 8000 0.87 6960 140 14.0
9 7.00 6.54 5.80 6.79 1272.8 1274.6 715.4 559.2 2.28 12.80 81.19 19.21 5.07 73.61 85 11000 0.91 10010 131 13.1

Avg 7.00 2.28 19.18 5.04 73.73 8590 13.0 ui



No. %AC 
by wgt 
of Agg

%AC 
by wgt 
of Mix

%eff 
AC by 
wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

% Volume 
AC

% Volume 
aggregate

%VMA %Air
Void

%VFB Max
sp.gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In water Read

(ขีด)
Measured factor Adjusted Reading ค่าที่ได้

(0.25mm)

10 7.50 6.98 6.17 6.83 1282.6 1283.7 724.0 559.7 2.29 13.72 81.36 19.09 3.83 79.92 2.383 78 10000 0.89 8900 175 17.5
11 7.50 6.98 6.17 6.78 1280.2 1281.5 722.3 559.2 2.29 13.71 81.28 19.17 3.93 79.52 80 10000 0.91 9100 150 15.0
12 7.50 6.98 6.17 6.75 1280.0 1281.2 721.9 559.3 2.29 13.70 81.26 19.20 3.96 79.38 70 9000 0.91 8190 153 15.3

Avg 7.50 2.29 19.16 3.91 79.61 8730 15.9
13 8.00 7.41 6.54 6.85 1286.6 1287.5 726.6 560.9 2.29 14.56 81.06 19.45 3.16 83.78 2.369 68 8000 0.89 7120 160 16.0
14 8.00 7.41 6.54 6.88 1288.6 1289.6 728.4 561.2 2.30 14.57 81.15 19.37 3.06 84.22 70 9000 0.88 7920 140 14.0
15 8.00 7.41 6.54 6.92 1288.8 1289.7 728.3 561.4 2.30 14.57 81.13 19.39 3.08 84.13 72 9500 0.87 8265 168 16.8

Avg 8.00 2.30 19.40 3.10 84.04 7768 15.6
16 8.50 7.83 6.91 7.00 1294.9 1295.8 731.0 564.8 2.29 15.36 80.65 19.93 2.63 86.83 2.354 65 8000 0.86 6880 185 18.5
17 8.50 7.83 6.91 6.98 1295.2 1296.0 731.5 564.5 2.29 15.37 80.71 19.87 2.55 87.16 70 9000 0.86 7740 165 16.5
18 8.50 7.83 6.91 6.97 1294.8 1295.8 730.8 565.0 2.29 15.35 80.62 19.97 2.67 86.64 60 7500 0.86 6450 192 19.2

Avg 8.50 2.29 19.92 2.61 86.88 7023 18.1

ON



%AC vs Density %AC vs %VMA
%AC vs %Air void%Air void

5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00

%VFB %AC vs %VFB

5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00

%AC VS Stability
Stability(N)

5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00

%AC vs Flow

Flow(025mm)

5.50 &00 6.50 7.00 7.50 aoo 8.50 9.00

หมายเหตุ : %AC ที่แสดงเปีนปริมาณแอสฟ้ลต์ซีเมนต์ริอยละโดยนำหนักมวลรวม
-4



Chulalongkorn University, Department of Civil Engineering
Hot-Mix Design Data by Marshall Method

Project description: ขนาดคละเหนอ Restricted zone (Gradation # 1)
Specific Gravity AC (Gac) : 1.031
Avg Bulk Sp. Gr. Total Agg (Gag): 2.62
Maximum Specific Gravity of Mixture@6%AC :2.428

Pen Grade AC: AC 60-70 
Design Traffic: Heavy 

Avg Effective Sp. Gr. Total Agg (Gse):2.64 
%Asphalt absorption (x) :0.34

No. %AC by 
wgt of
Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

%Volume
AC

%Volume
aggregate

%VMA %Air
Void

%VFB Max
sp.gr

Stability (N) Flow
เท Air Sat.Surface 

Dry in Air
In water Read

(ขีด)
Measured factor Adjusted Reading ค่าที่ได้

(0.25mm)
1 5.50 5.21 4.62 6.96 1257.5 1260.3 703.2 557.1 2.26 10.11 81.66 18.58 7.63 58.94 2.444 105 12500 0.86 10750 90 9.0
2 5.50 5.21 4.62 6.85 1250.3 1253.1 697.0 556.1 2.25 10.07 81.34 18.91 7.99 57.72 100 12000 0.89 10680 85 8.5
3 5.50 5.21 4.62 6.83 1250.2 1253.1 697.2 555.9 2.25 10.08 81.36 18.88 7.97 57.80 98 12000 0.89 10680 92 9.2
4 5.50 5.21 4.62 6.90 1255.7 1258.0 700.0 558.0 2.25 10.08 81.41 18.83 7.91 57.99 103 12000 0.88 10560 100 10.0
5 5.50 5.21 4.62 6.67 1249.6 1252.7 696.8 555.9 2.25 10.07 81.32 18.92 8.01 57.66 100 12000 0.93 11160 81 8.1

Avg 5.50 2.25 18.83 7.90 58.02 10766 9.0
6 6.00 5.66 5.02 7.01 1263.3 1265.6 710.4 555.2 2.28 11.08 81.93 18.36 6.28 65.78 2.428 105 12500 0.86 10750 105 10.5
7 6.00 5.66 5.02 6.95 1262.1 1264.5 709.6 554.9 2.27 11.07 81.90 18.40 6.32 65.63 110 13500 0.86 11610 101 10.1
8 6.00 5.66 5.02 6.98 1263.2 1265.5 710.5 555.0 2.28 11.08 81.95 18.34 6.26 65.88 108 13000 0.86 11180 110 11.0
9 6.00 5.66 5.02 7.00 1265.4 1267.5 711.6 555.9 2.28 11.08 81.96 18.33 6.25 65.92 98 12000 0.86 10320 95 9.5
10 6.00 5.66 5.02 6.95 1261.8 1263.6 709.4 554.2 2.28 11.08 81.98 18.31 6.23 66.00 100 12000 0.86 10320 113 11.3

Avg 6.00 2.28 18.35 6.27 65.84 10836 10.5



(ต่อ)
No. %AC by 

wgt of 
Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

%Volume
AC

%Votume
aggregate

%VMA %Air
Void

%VFB Max
sp.gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In water Read

(ขีด)
Measured factor Adjusted Reading ค่าที่ได้ 

(0.25mm)
11 6.50 6.10 5.41 6.89 1271.2 1272.5 720.6 551.9 2.30 12.09 82.55 17.80 4.53 74.55 2.413 100 12000 0.88 10560 120 12.0
12 6.50 6.10 5.41 6.96 1273.5 1274.8 722.2 552.6 2.30 12.10 82.59 17.76 4.48 74.77 97 12000 0.86 10320 100 10.0
13 6.50 6.10 5.41 7.02 1274.6 1275.9 722.9 553.0 2.30 12.10 82.60 17.75 4.47 74.83 100 12000 0.86 10320 122 12.2
14 6.50 6.10 5.41 6.89 1272.4 1273.6 721.5 552.1 2.30 12.10 82.60 17.75 4.48 74.79 105 12500 0.88 11000 118 11.8
15 6.50 6.10 5.41 6.90 1272.8 1274.0 721.5 552.5 2.30 12.09 82.56 17.79 4.51 74.62 107 12500 0.88 11000 130 13.0

Avg 6.50 2.30 17.77 4.49 74.71 10640 11.8
16 7.00 6.54 5.80 6.76 1272.9 1273.9 728.4 545.5 2.33 13.12 83.24 17.17 2.68 84.41 2.398 90 11000 0.91 10010 100 10.0
17 7.00 6.54 5.80 6.83 1274.1 1275.0 729.6 545.4 2.34 13.13 83.33 17.08 2.57 84.97 85 10500 0.89 9345 120 12.0
18 7.00 6.54 5.80 6.88 1274.6 1275.4 729.6 545.8 2.34 13.13 83.30 17.11 2.60 84.80 90 11000 0.88 9680 105 10.5
19 7.00 6.54 5.80 6.96 1275.6 1276.5 730.0 546.5 2.33 13.12 83.26 17.15 2.65 84.56 100 12000 0.86 10320 113 11.3
20 7.00 6.54 5.80 6.96 1275.5 1276.6 730.1 546.5 2.33 13.12 83.25 17.15 2.66 84.52 105 12500 0.86 10750 104 10.4

Avg 7.00 2.33 17.13 2.63 84.65 10021 10.8
21 7.50 6.98 6.17 6.72 1281.2 1281.9 737.3 544.6 2.35 14.09 83.53 16.94 1.27 92.47 2.383 90 11000 0.92 10120 150 . 15.0
22 7.50 6.98 6.17 6.98 1289.5 1290.2 741.6 548.6 2.35 14.08 83.46 17.01 1.36 92.01 100 12000 0.86 10320 138 13.8
23 7.50 6.98 6.17 7.04 1290.4 1291.2 743.7 547.5 2.36 14.11 83.68 16.79 1.09 93.49 85 10500 0.85 8925 162 16.2
24 7.50 6.98 6.17 6.99 1290.2 1291.0 743.5 547.5 2.36 14.11 83.67 16.80 1.11 93.41 85 10500 0.86 9030 151 15.1
25 7.50 6.98 6.17 7.00 1289.8 1290.5 742.8 547.7 2.35 14.10 83.61 16.86 1.17 93.03 89 11000 0.86 9460 140 14.0

Avg 7.50 2.35 16.88 1.20 92.88 9571 14.8

"■ JVO



No. %AC by 
wgt of 
Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

%Volume
AC

%Volume
aggregate

%VMA %Air
Void

%VFB Max
sp-gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In water Read

(ขีด)
Measured factor Adjusted Reading ค่าที่ได้

(0.25mm)
26 8.00 7.41 6.54 6.75 1284.0 1284.8 736.3 548.5 2.34 14.86 82.73 17.80 1.17 93.45 2.369 90 11000 0.91 10010 160 16.0
27 8.00 7.41 6.54 6.82 1286.6 1287.4 737.6 549.8 2.34 14.85 82.70 17.83 1.20 93.27 80 10000 0.89 8900 161 16.1
28 8.00 7.41 6.54 6.95 1288.1 1288.9 738.9 550.0 2.34 14.86 82.77 17.76 1.12 93.69 80 10000 0.86 8600 150 15.0
29 8.00 7.41 6.54 6.70 1283.7 1284.5 736.1 548.4 2.34 14.86 82.73 17.80 1.17 93.42 90 11000 0.93 10230 174 17.4
30 8.00 7.41 6.54 6.99 1289.2 1290.0 739.2 550.8 2.34 14.86 82.72 17.81 1.18 93.37 82 10000 0.86 8600 170 17.0

Avg 8.00 2.34 17.80 1.17 93.44 9268 16.3

qoO



%AC vs %VFB%VFB

%AC

%AC vs stability
Stability(N)

%AC
5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

หมายเหตุ : %AC ที่แสดงเป็นปริมาณแอสฟ้ลต์ซีเมนต์ริอยละโดยนำหนักมวลรวม ๐0



Chulalongkorn University, Department of Civil Engineering
Hot-Mix Design Data by Marshall Method

Project description: ขนาดคละผ่าน Restricted zone (Gradation # 2) Pen Grade AC: AC 60-70
Specific Gravity AC (Gac) : 1.031 Design Traffic: Medium
Avg Bulk Sp. Gr. Total Agg (Gag): 2.62 Avg Effective Sp. Gr. Total Agg (Gse):2.65
Maximum Specific Gravity of Mixture@6%AC :2.462 %Asphalt absorption (x) :0.38

No. %AC 
by wgt 
of Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

%Volume
AC

%Volume
aggregate

%VMA %Air
Void

%VFB Max
sp.gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In

water
Read
(ขีด)

Measured factor Adjusted Reading ค่าที่ได้ 
(0.25mm)

1 5.50 5.21 4.58 7.26 1257.0 1264.5 692.7 571.8 2.20 9.77 79.53 20.71 10.12 51.13 2.446 62 8000 0.82 6560 128 12.8
2 5.50 5.21 4.58 7.16 1255.5 1263.2 690.3 572.9 2.19 9.74 79.28 20.96 10.40 50.37 55 7000 0.83 5810 120 12
3 5.50 5.21 4.58 7.08 1248.6 1256.5 685.2 571.3 2.19 9.71 79.07 21.17 10.64 49.73 67 8500 0.84 7140 138 13.8

Avg 5.50 2.19 20.95 10.39 50.41 6503 12.9
4 6.00 5.66 4.98 7.14 1261.1 1267.6 699.8 567.8 2.22 10.73 79.97 20.31 8.60 57.65 2.430 63 8000 0.83 6640 135 13.5
5 6.00 5.66 4.98 7.00 1255.3 1261.8 694.5 567.3 2.21 10.69 79.68 20.61 8.94 56.61 60 8000 0.86 6880 130 13
6 6.00 5.66 4.98 7.19 1263.5 1270.2 701.2 569.0 2.22 10.73 79.96 20.33 8.62 57.59 59 8000 0.82 6560 145 14.5

Avg 6.00 2.22 20.42 8.72 57.28 6693 13.7
7 6.50 6.10 5.37 7.14 1270.7 1275.1 707.9 567.2 2.24 11.68 80.29 20.05 7.22 63.97 2.415 67 9000 0.83 7470 145 14.5
8 6.50 6.10 5.37 7.08 1260.3 1265.2 702.4 562.8 2.24 11.67 80.25 20.08 7.26 63.84 60 8000 0.84 6720 120 12
9 6.50 6.10 5.37 7.12 1268.8 1273.2 706.9 566.3 2.24 11.68 80.30 20.04 7.21 64.00 66 8500 0.83 7055 150 15

Avg 6.50 2.24 20.06 7.23 63.94 7082 13.8



(ต่อ)
No. %AC 

by wgt 
of Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

%Volume
AC

% Volume 
aggregate

%VMA %Air
Void

%VFB Max
sp-gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In

water
Read
(ขีด)

Measured factor Adjusted Reading ค่าที่ได้ 
(0.25mm)

10 7.00 6.54 5.76 7.17 1273.3 1275.6 713.3 562.3 2.26 12.65 80.78 19.62 5.64 71.28 2.400 69 9๓0 0.83 7470 135 13.5
11 7.00 6.54 5.76 7.09 1270.3 1272.5 711.5 561.0 2.26 12.65 80.77 19.62 5.64 71.26 77 10000 0.84 8400 160 16
12 7.00 6.54 5.76 7.08 1270.1 1272.0 710.2 561.8 2.26 12.63 80.64 19.75 5.79 70.69 55 7500 0.84 63๓ 130 13

Avg 7.00 2.26 19.67 5.69 71.08 7390 14.2
13 7.50 6.98 6.14 7.11 1273.4 1274.8 717.6 557.2 2.29 13.60 81.14 19.31 4.18 78.38 2.385 62 8000 0.83 6640 140 14
14 7.50 6.98 6.14 7.06 1270.1 1271.8 715.4 556.4 2.28 13.59 81.05 19.41 4.29 77.91 60 8000 0.84 6720 150 15
15 7.50 6.98 6.14 7.15 1275.2 1276.3 718.8 557.5 2.29 13.61 81.21 19.24 4.09 78.74 63 8000 0.83 6640 145 14.5

Avg 7.50 2.29 19.32 4.19 78.34 6667 14.5
16 8.00 7.41 6.51 7.24 1280.2 1281.5 721.1 560.4 2.28 14.42 80.73 19.78 3.63 81.64 2.371 63 8000 0.82 6560 175 17.5
17 8.00 7.41 6.51 7.21 1278.5 1279.6 718.6 561.0 2.28 14.38 80.54 19.98 3.86 80.66 65 8500 0.82 6970 200 20
18 8.00 7.41 6.51 7.22 1279.8 1280.4 720.4 560.0 2.29 14.42 80.77 19.75 3.59 81.81 53 7000 0.82 5740 160 16

Avg 8.00 2.28 19.84 3.70 81.37 6423 17.8

po



'~fc

Density(g/ml) %AC vs Density
2.30 
2.28 
226 
224 
222 
220 
2.18

5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

%AC VS %VMA%VMA

5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

%AC VS %Air void

%AC
5.00 5.50 6.00 6.50 7.00 7.50 8.00

%VFB %AC vs %VFB

5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

%AC VS Stability
Stability(N)

5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

%AC VS Flow
Flow(0.25mm)

5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

หมายเหตุ : %AC ท่ีแสดงเป็นปริมาณแอสตลด์ชีเมนต์ร้อยละโคขนำหนักมวลรวม
oo4̂



Chulalongkorn University, Department of Civil Engineering
Hot-Mix Design Data by Marshall Method

Project description: ขนาดคละผ่าน Restricted zone (Gradation # 2)
Specific Gravity AC (Gac) : 1.031
Avg Bulk Sp. Gr. Total Agg (Gag): 2.62
Maximum Specific Gravity of Mixture@6%AC :2.462

Pen Grade AC: AC 60-70 
Design Traffic: Heavy 

Avg Effective Sp. Gr. Total Agg (Gse):2.65 
%Asphalt absorption (x) :0.38

No. %AC by 
wgt of
Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

%Volume
AC

% Volume 
aggregate

%VMA %Air
Void

%VFB Max
sp.gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In water Read

(ขีด)
Measured factor Adjusted Reading ค่าที่ได้ 

(0.25mm)
1 4.50 4.31 3.76 7.09 1256.3 1263.2 694.2 569.0 2.21 8.05 80.64 19.52 10.91 44.09 2.478 58 7500 0.84 6300 105 10.5
2 4.50 4.31 3.76 7.03 1255.9 1262.5 698.4 564.1 2.23 8.11 81.32 18.85 10.17 46.05 62 8000 0.85 6800 107 10.7
3 4.50 4.31 3.76 7.15 1258.4 1265.1 698.2 566.9 2.22 8.09 81.08 19.09 10.43 45.34 60 8000 0.83 6640 100 10
4 4.50 4.31 3.76 7.13 1258.3 1265.7 697.8 567.9 2.22 8.07 80.93 19.24 10.60 44.90 66 8500 0.83 7055 102 10.2
5 4.50 4.31 3.76 7.06 1256.7 1263.5 696.4 567.1 2.22 8.08 80.94 19.23 10.59 44.93 51 7000 0.85 5950 120 12

Avg 4.50 2.22 19.18 10.54 45.06 6549 10.7
6 5.00 4.76 4.17 7.28 1301.8 1311.4 726.6 584.8 2.23 9.01 80.92 19.28 9.58 50.32 2.462 61 8000 0.81 6480 116 11.6
7 5.00 4.76 4.17 7.00 1262.7 1269.7 707.7 562.0 2.25 9.09 81.67 18.53 8.74 52.85 71 9500 0.86 8170 125 12.5
8 5.00 4.76 4.17 7.10 1254.9 1259.6 696.3 563.3 2.23 9.02 80.98 19.22 9.51 50.52 68 9000 0.83 7470 105 10.5
9 5.00 4.76 4.17 7.07 1252.0 1257.5 694.1 563.4 2.22 9.00 80.78 19.42 9.74 49.87 90 11000 0.85 9350 100 10
10 5.00 4.76 4.17 7.06 1252.3 1257.9 694.7 563.2 2.22 9.00 80.83 19.38 9.68 50.02 69 9500 0.85 8075 130 13

Avg 5.00 2.23 19.17 9.45 50.72 7909 11.5



(ต่อ)
No. %AC by 

wgt of 
Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

% Volume 
AC

%Volume
aggregate

%VMA %Air
Void

%VFB Max
sp.gr

Stability (N) Flow
[ท Air Sat.Surface 

Dry in Air
In water Read

(ขีด)
Measured factor Adjusted Reading ค่าที่ได้ 

(0.25mm)
11 5.50 5.21 4.58 7.04 1268.3 1273.1 708.5 564.6 2.25 9.98 81.27 18.98 8.16 57.02 2.446 88 11000 0.85 9350 128 12.8
12 5.50 5.21 4.58 7.05 1270.9 1277.1 711.8 565.3 2.25 9.99 81.34 18.91 8.08 57.27 78 10000 0.85 8500 113 11.3
13 5.50 5.21 4.58 7.09 1256.9 1261.4 700.4 561.0 2.24 9.96 81.06 19.19 8.40 56.24 93 11500 0.84 9660 127 12.7
14 5.50 5.21 4.58 7.04 1257.4 1260.5 702.1 558.4 2.25 10.01 81.47 18.78 7.93 57.75 89 11000 0.85 9350 115 11.5
15 5.50 5.21 4.58 7.10 1258.2 1261.4 702.4 559.0 2.25 10.00 81.43 18.82 7.97 57.62 90 11000 0.83 9130 136 13.6

Avg 5.50 2.25 18.93 8.11 57.18 9198 12.4
16 6.00 5.66 4.98 7.05 1271.5 1275.5 714.6 560.9 2.27 10.95 81.63 18.67 6.72 64.02 2.430 90 11000 0.85 9350 126 12.6
17 6.00 5.66 4.98 6.98 1273.5 1276.4 715.0 561.4 2.27 10.96 81.68 18.61 6.65 64.26 83 10500 0.86 9030 142 14.2
18 6.00 5.66 4.98 7.00 1264.1 1266.1 710.5 555.6 2.28 10.99 81.92 18.37 6.37 65.30 88 11000 0.86 9460 130 13
19 6.00 5.66 4.98 7.09 1265.3 1268.0 710.8 557.2 2.27 10.97 81.77 18.53 6.56 64.62 90 11000 0.84 9240 130 13
20 6.00 5.66 4.98 7.02 1264.8 1268.4 710.6 557.8 2.27 10.96 81.65 18.65 6.69 64.11 75 10000 0.86 8600 110 11

Avg 6.00 2.27 18.57 6.60 64.46 9136 12.8
21 6.50 6.10 5.37 6.98 1279.3 1281.3 720.8 560.5 2.28 11.90 81.80 18.55 5.48 70.46 2.415 70 9000 0.86 7740 115 11.5
22 6.50 6.10 5.37 6.97 1279.3 1280.6 720.3 560.3 2.28 11.90 81.83 18.52 5.45 70.59 91 11000 0.86 9460 135 13.5
23 6.50 6.10 5.37 7.00 1280.1 1281.8 721.5 560.3 2.28 11.91 81.88 18.47 5.39 70.83 72 9500 0.86 8170 117 11.7
24 6.50 6.10 5.37 7.02 1281.6 1283.1 722.1 561.0 2.28 11.91 81.87 18.47 5.39 70.80 90 11000 0.86 9460 160 16
25 6.50 6.10 5.37 7.00 1281.0 1283.3 721.8 561.5 2.28 11.89 81.76 18.58 5.52 70.29 86 10500 0.86 9030 122 12.2

Avg 6.50 2.28 18.52 5.45 70.60 8772 13.0

COo\



No. %AC by 
wgt of 
Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

%Volume
AC

%Volume
aggregate

%VMA %Air
Void

%VFB Max
sp.gr

Stability (N) Flow
In Air Sat. Surface 

Dry in Air
In water Read

(ขีด)
Measured factor Adjusted Reading ค่าที่ได้

(0.25mm)
26 7.00 6.54 5.76 6.93 1274.2 1276.8 721.6 555.2 2.30 12.82 81.87 18.54 4.36 76.47 2.400 85 10500 0.87 9135 170 17
27 7.00 6.54 5.76 6.94 1275.5 1277.5 720.1 557.4 2.29 12.78 81.63 18.77 4.64 75.28 76 10000 0.87 8700 120 12
28 7.00 6.54 5.76 6.90 1273.8 1275.3 720.5 554.8 2.30 12.82 81.90 18.50 4.32 76.64 91 11000 0.87 9570 152 15.2
29 7.00 6.54 5.76 6.74 1268.4 1270.7 717.6 553.1 2.29 12.81 81.80 18.60 4.43 76.15 91 11000 0.91 10010 130 13
30 7.00 6.54 5.76 6.89 1269.4 1271.2 718.5 552.7 2.30 12.83 81.93 18.48 4.29 76.78 70 9500 0.88 8360 121 12.1

Avg 7.00 2.29 18.58 4.41 76.26 9155 13.9
31 7.50 6.98 6.14 6.95 1282.6 1284.0 727.4 556.6 2.30 13.72 81.82 18.64 3.38 81.87 2.385 70 9000 0.86 7740 135 13.5
32 7.50 6.98 6.14 6.90 1277.7 1279.3 726.4 552.9 2.31 13.75 82.05 18.41 3.10 83.14 60 8000 0.87 6960 142 14.2
33 7.50 6.98 6.14 6.78 1270.2 1271.5 724.6 546.9 2.32 13.82 82.46 18.00 2.62 85.46 62 8000 0.91 7280 166 16.6
34 7.50 6.98 6.14 6.95 1283.4 1284.9 727.3 557.6 2.30 13.70 81.72 18.74 3.49 81.36 59 8000 0.86 6880 150 15
35 7.50 6.98 6.14 6.75 1269.3 1270.5 724.6 545.9 2.33 13.84 82.55 17.91 2.51 86.00 60 8500 0.91 7735 137 13.7

Avg 7.50 2.31 18.34 3.02 83.57 7319 14.6

oo-J



Density(g/ml) %AC VS Density %AC vs %VMA

%AC %AC
4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00

%Air void %AC VS %Air void

4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00

%VFB %AC vs %VFB

4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00

หมายเหตุ : %AC ที่แสดงเป็นปริมาณแอสป็ลตํซเมนต'’ร้อยละโดยนํ๋าหนักมวลรวม

๐0๐0



Chulalongkorn University, Department of Civil Engineering
Hot-Mix Design Data by Marshall Method

Project description: ขนาดคละใต้ Restricted zone (Gradation # 3) Pen Grade AC: AC 60-70
Specific Gravity AC (Gac) : 1.031 Design Traffic: Medium
Avg Bulk Sp. Gr. Total Agg (Gag): 2.62 Avg Effective Sp. Gr. Total Agg (Gse):2.65
Maximum Specific Gravity of Mixture@6%AC :2.463 %Asphalt absorption (x) :0.39

No. %AC 
by wgt 
of Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
cc.

Density
(g/ml)

%Volume
AC

%Volume
aggregate

%VMA %Air
Void

%VFB Max
sp.gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In

water
Read
(ขีด)

Measured factor Adjusted Reading ค่าที่ไต้
(0.25mm)

1 7.00 6.54 5.75 7.37 1270.4 1283.7 708.6 575.1 2.21 12.32 78.80 21.59 7.98 63.03 2.401 53 7000 0.79 5530 120 12
2 7.00 6.54 5.75 7.23 1265.7 1278.9 705.4 573.5 2.21 12.31 78.72 21.66 8.07 62.76 48 6500 0.82 5330 110 11
3 7.00 6.54 5.75 7.25 1266.5 1280.2 706.9 573.3 2.21 12.32 78.80 21.58 7.98 63.05 52 7000 0.81 5670 105 10.5

Avg 7.00 2.21 21.61 8.01 62.95 5510 11.2
4 7.50 6.98 6.13 7.30 1271.0 1275.6 702.7 572.9 2.22 13.18 78.77 21.67 7.01 67.64 2.386 50 70๓ 0.81 5670 125 12.5
5 7.50 6.98 6.13 7.29 1269.8 1275.1 702.3 572.8 2.22 13.17 78.71 21.73 7.09 67.40 60 7500 0.81 6075 130 13
6 7.50 6.98 6.13 7.18 1260.3 1265.7 699.5 566.2 2.23 13.23 79.03 21.41 6.71 68.69 51 7000 0.83 5810 110 11

Avg 7.50 2.22 21.61 6.93 67.91 5852 12.2
7 8.00 7.41 6.50 7.38 1287.2 1289.7 711.5 578.2 2.23 14.03 78.68 21.83 6.12 71.94 2.371 62 7500 0.79 5925 120 12
8 8.00 7.41 6.50 7.10 1271.4 1272.8 703.2 569.6 2.23 14.07 78.88 21.62 5.88 72.82 65 80๓ 0.83 6640 129 12.9
9 8.00 7.41 6.50 7.25 1280.4 1283.1 708.5 574.6 2.23 14.04 78.75 21.75 6.03 72.26 66 8000 0.81 6480 119 11.9

Avg 8.00 2.23 21.73 6.01 72.34 6348 12.3
oo<๐



(ต่อ)

No. %AC 
by wgt 
of Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

%Volume
AC

%Volume
aggregate

%VMA %Air
Void

%VFB Max
sp-gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In

water
Read
(ขีด)

Measured factor Adjusted Reading ค่าที่ได้
(0.25mm)

10 8.50 7.83 6.86 7.34 1287.9 1289.2 714.1 575.1 2.24 14.90 78.78 21.79 5.00 77.05 2.357 60 7500 0.80 6000 135 13.5
11 8.50 7.83 6.86 7.35 1288.5 1290.0 715.2 574.8 2.24 14.92 78.86 21.71 4.91 77.40 72 9000 0.80 7200 130 13
12 8.50 7.83 6.86 7.06 1271.2 1272.9 707.9 565.0 2.25 14.97 79.15 21.42 4.56 78.73 45 6000 0.85 5100 127 12.7

Avg 8.50 2.24 21.64 4.82 77.73 6100 13.1
13 9.00 8.26 7.22 7.24 1287.7 1288.2 714.3 573.9 2.24 15.71 78.57 22.07 4.26 80.72 2.343 53 7000 0.82 5740 150 15
14 9.00 8.26 7.22 7.18 1275.4 1276.9 710.7 566.2 2.25 15.77 78.88 21.76 3.88 82.17 50 6500 0.83 5395 142 14.2
15 9.00 8.26 7.22 7.29 1290.1 1291.8 716.4 575.4 2.24 15.70 78.51 22.13 4.33 80.44 65 8000 0.81 6480 138 13.8

Avg 9.00 2.25 21.99 4.15 81.11 5872 14.3
16 9.50 8.68 7.57 7.43 1302.6 1303.1 723.9 579.2 2.25 16.51 78.39 22.32 3.48 84.43 2.330 52 7000 0.78 5460 160 16
17 9.50 8.68 7.57 7.06 1281.2 1281.6 712.8 568.8 2.25 16.53 78.51 22.20 3.33 85.02 49 6500 0.85 5525 180 18
18 9.50 8.68 7.57 7.05 1280.1 1280.7 711.5 569.2 2.25 16.51 78.39 22.32 3.48 84.42 50 6500 0.85 5525 170 17

Avg 9.50 2.25 22.28 3.43 84.62 5503 17.0

'PO



%AC vs %VFB

%AC
6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00

%AC vs Stability
Stability(N)

6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00

%AC VS FlowFlow(0.25mm)

6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00

หมายเหตุ : %AC ที่แสดงเป็นปริมาณแอสฟิลด์ซีเมนต์รอยละโดยนํ่าหนักมวลรวม



Chulalongkorn University, Department of Civil Engineering
Hot-Mix Design Data by Marshall Method

Project description: ขนาดคละไต, Restricted zone (Gradation # 3)
Specific Gravity AC (Gac) : 1.031
Avg Bulk Sp. Gr. Total Agg (Gag): 2.62
Maximum Specific Gravity of Mixture@6%AC :2.463

Pen Grade AC: AC 60-70 
Design Traffic: Heavy 

Avg Effective Sp. Gr. Total Agg (Gse):2.65 
%Asphalt absorption (x) :0.39

No. %AC by 
wgt of
Agg

%AC 

by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
cc .

Density
(g/ml)

% Volume 
AC

%Volume
aggregate

%VMA %Air
Void

%VFB Max
sp.gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In

water
Read
(ขีด)

Measured factor Adjusted Reading ค่าที่ได้
(0.25mm)

1 4.50 4.31 3.75 7.37 1257.0 1286.0 699.2 586.8 2.14 7.79 78.24 21.92 13.60 37.94 2.479 53 7000 0.80 5600 95 9.5
2 4.50 4.31 3.75 7.29 1258.0 1279.8 695.4 584.4 2.15 7.82 78.62 21.54 13.18 38.80 58 8000 0.81 6480 86 8.6
3 4.50 4.31 3.75 7.25 1255.9 1279.4 696.4 583.0 2.15 7.83 78.68 21.48 13.12 38.93 64 8500 0.81 6885 85 8.5
4 4.50 4.31 3.75 7.31 1259.2 1282.2 699.5 582.7 2.16 7.85 78.93 21.23 12.84 39.51 60 8000 0.81 6480 80 8
5 4.50 4.31 3.75 7.28 1257.9 1280.5 697.4 583.1 2.16 7.84 78.79 21.37 12.99 39.19 70 9000 0.81 7290 99 9.9

Avg 4.50 2.15 21.51 13.15 38.87 6547 8.9
6 5.00 4.76 4.16 7.27 1262.8 1282.2 699.8 582.4 2.17 8.76 78.82 21.38 11.96 44.04 2.463 58 7500 0.81 6075 93 9.3
7 5.00 4.76 4.16 7.59 1291.3 1326.0 718.5 607.5 2.13 8.58 77.27 22.93 13.70 40.26 70 9000 0.76 6840 100 10
8 5.00 4.76 4.16 7.37 1255.8 1270.4 695.0 575.4 2.18 8.81 79.33 20.86 11.39 45.42 65 8000 0.80 6400 105 10.5
9 5.00 4.76 4.16 7.22 1254.7 1268.4 696.2 572.2 2.19 8.86 79.71 20.49 10.97 46.47 69 9000 0.82 7380 95 9.5
10 5.00 4.76 4.16 7.35 1255.2 1272.6 694.8 577.8 2.17 8.77 78.97 21.23 11.80 44.43 60 8000 0.80 6400 91 9.1

Avg 5.00 2.17 21.38 11.96 44.13 6619 9.7 ร?to



(ต่อ)
No. %AC by 

wgt of 
Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

%Volume
AC

%Volume
aggregate

%VMA %Air
Void

%VFB Max
sp-gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In

water
Read
(ขีด)

Measured factor Adjusted Reading ค่าที่ได้
(0.25mm)

11 5.50 5.21 4.57 7.22 1272.3 1289.7 710.5 579.2 2.20 9.74 79.47 20.77 10.22 50.77 2.447 78 10000 0.82 8200 94 9.4
12 5.50 5.21 4.57 7.23 1271.0 1288.3 709.0 579.3 2.19 9.73 79.38 20.86 10.33 50.48 71 9000 0.82 7380 89 8.9
13 5.50 5.21 4.57 7.27 1257.2 1270.4 697.0 573.4 2.19 9.72 79.32 20.92 10.39 50.32 61 8000 0.81 6480 115 11.5
14 5.50 5.21 4.57 7.16 1262.6 1272.1 702.3 569.8 2.22 9.83 80.17 20.08 9.44 52.98 75 9500 0.83 7885 120 12
15 5.50 5.21 4.57 7.25 1259.6 1272.8 700.5 572.3 2.20 9.76 79.63 20.61 10.05 51.25 80 10000 0.81 8100 99 9.9

Avg 5.50 2.20 20.65 10.09 51.16 7609 10.3
16 6.00 5.66 4.97 7.27 1275.2 1290.7 708.3 582.4 2.19 10.56 78.84 21.44 9.93 53.67 2.431 79 10000 0.81 8100 93 9.3
17 6.00 5.66 4.97 7.25 1276.7 1292.1 711.5 580.6 2.20 10.60 79.18 21.11 9.55 54.76 70 9000 0.81 7290 108 10.8
18 6.00 5.66 4.97 7.22 1268.7 1278.0 706.5 571.5 2.22 10.71 79.93 20.35 8.68 57.33 95 11500 0.82 9430 108 10.8
19 6.00 5.66 4.97 7.12 1267.5 1275.1 705.1 570.0 2.22 10.72 80.07 20.22 8.53 57.81 90 11000 0.83 9130 122 12.2
20 6.00 5.66 4.97 7.20 1269.0 1277.9 707.2 570.7 2.22 10.72 80.07 20.22 8.54 57.79 80 10000 0.82 8200 114 11.4

Avg 6.00 2.21 20.67 9.05 56.27 8430 10.9
21 6.50 6.10 5.36 7.19 1276.4 1287.7 710.9 576.8 2.21 11.51 79.31 21.03 8.39 60.08 2.416 91 11000 0.82 9020 103 10.3
22 6.50 6.10 5.36 7.22 1278.7 1288.8 710.5 578.3 2.21 11.51 79.24 21.09 8.47 59.85 90 11000 0.82 9020 108 10.8
23 6.50 6.10 5.36 7.12 1270.3 1275.4 710.7 564.7 2.25 11.70 80.62 19.72 6.88 65.12 82 10500 0.83 8715 110 11
24 6.50 6.10 5.36 7.05 1267.7 1272.5 708.3 564.2 2.25 11.69 80.53 19.81 6.99 64.74 70 9500 0.85 8075 90 9
25 6.50 6.10 5.36 7.17 1275.6 1280.4 712.5 567.9 2.25 11.69 80.50 19.84 7.02 64.63 75 10000 0.83 8300 126 12.6

Avg 6.50 2.23 20.30 7.55 62.81 8626 10.7



No. %AC by 
wgt of 
Agg

%AC 
by wgt 
of Mix

%eff AC 
by wgt of 

mix

Spec.
Height
(cm)

Mass (grams) Bulk
Vol.
cc.

Density
(g/ml)

% Volume 
AC

%Volume
aggregate

%VMA % An- 
Void

%VFB Max
sp-gr

Stability (N) Flow
In Air Sat.Surface 

Dry in Air
In

water
Read
(ขีด)

Measured factor Adjusted Reading ค่าที่ได้
(0.25mm)

26 7.00 6.54 5.75 7.15 1272.2 1279.4 712.2 567.2 2.24 12.51 80.01 20.38 6.57 67.78 2.401 81 10500 0.83 8715 132 13.2
27 7.00 6.54 5.75 7.14 1274.9 1280.0 711.5 568.5 2.24 12.51 79.99 20.40 6.58 67.72 81 10500 0.83 8715 124 12.4
28 7.00 6.54 5.75 7.11 1272.3 1279.3 711.5 567.8 2.24 12.50 79.93 20.46 6.66 67.46 92 11500 0.83 9545 105 10.5
29 7.00 6.54 5.75 7.17 1275.2 1281.8 712.6 569.2 2.24 12.49 79.92 20.48 6.68 67.40 78 10000 0.83 8300 126 12.6
30 7.00 6.54 5.75 7.15 1274.6 1280.2 712.3 567.9 2.24 12.52 80.06 20.33 6.51 68.00 73 9500 0.83 7885 100 10

Avg 7.00 2.24 20.41 6.60 67.67 8632 11.7
31 7.50 6.98 6.13 7.19 1278.3 1279.5 718.6 560.9 2.28 13.54 80.92 19.54 4.48 77.08 2.386 70 9000 0.82 7380 137 13.7
32 7.50 6.98 6.13 6.94 1279.9 1281.6 719.4 562.2 2.28 13.53 80.83 19.62 4.58 76.66 66 8500 0.86 7310 136 13.6
33 7.50 6.98 6.13 7.00 1279.5 1280.8 720.2 560.6 2.28 13.56 81.04 19.42 4.34 77.66 73 9500 0.85 8075 100 10
34 7.50 6.98 6.13 7.02 1280.2 1282.2 721.2 561.0 2.28 13.56 81.02 19.43 4.35 77.60 80 10000 0.85 8500 160 16
35 7.50 6.98 6.13 7.02 1281.4 1283.1 721.9 561.2 2.28 13.57 81.07 19.39 4.30 77.83 67 8000 0.85 6800 127 12.7

Avg 7.50 2.28 19.48 4.41 77.36 7613 13.2
36 8.00 7.41 6.50 7.09 1281.2 1282.8 725.6 557.2 2.30 14.49 81.26 19.26 3.04 84.22 2.371 79 10000 0.84 8400 145 14.5
37 8.00 7.41 6.50 7.13 1293.7 1294.7 731.6 563.1 2.30 14.48 81.19 19.33 3.12 83.86 72 9500 0.83 7885 177 17.7
38 8.00 7.41 6.50 6.95 1280.6 1281.4 725.5 555.9 2.30 14.52 81.41 19.11 2.86 85.04 90 11000 0.86 9460 132 13.2
39 8.00 7.41 6.50 6.99 1280.7 1281.8 724.1 557.7 2.30 14.47 81.16 19.36 3.16 83.66 69 9000 0.86 7740 120 12
40 8.00 7.41 6.50 7.00 1281.3 1282.5 725.9 556.6 2.30 14.51 81.35 19.17 2.93 84.72 72 9500 0.85 8075 158 15.8

Avg 8.00 2.30 19.24 3.02 84.30 8312 14.6



Density(g/ml)
%AC VS Density

%AC

%AC vs %VMA %AC vs %Air void%Air void

%AC
4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

% AC VS % VFB%VFB Stability(N)
9000

% AC vs s ta b ility % AC vs Flow

8500
8000
7500
7000
6500
6000

Flow(0.25mm)

%AC
4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

หมายเหตุ : %AC ที่แสดงเป็นปริมาณแอสร้เลต์ซีเมนต์ร้อยละโดยนํ๋าหนักมวลรวม



ภ า ค ผ น ว ก  ข



97

รู!}ทีข-5 ตัวอย่างทีได้จากแบบหล่อขนาด4 นิว รูปทีข-6 ตัวอย่างทีได้จากแบบหล่อขนาด6 นิว

รูปท่ี ขเครื่องมืออุปกรณ์และตัวอย่างในการออกแบบส่วนผสมแอสฟ้ลต์คอนกรีตตามวิธีซูเปอร์เพฟระตับ 1



%Gmm
กราฟแสดงความสัมพันธุระหว่าง %Gmm และจำนวนรอบการบดอัด

: ขนาดคละเหนือ Restricted zone (Gradation # 1)

4.5%AC of Aggregate 

- s — 5.0%AC of Aggregate

-6 — 5.5%AC of Aggregate 

- • — 6.0%AC of Aggregate 

------6.5%AC of Aggregate

No. of Gyration
10 100 1000

oo



ผ ล ก า ร อ อ ก แ บ บ โ ด ย ว ิธ ีซ ูเป อ ร ์เพ ฟ  ร ะ ด ับ  1

ข น า ด ค ล ะ เห น ือ  R e s t r i c t e d  z o n e  ( G r a d a t i o n  #  1)
Design
ESALs
millions)

Average Design High Air Temperature
< 39 c 39-40 c 41 -42 c 43 - 44 c

Pb,by mass 
of

Aggregate

%Gmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

Pb,by mass 
of

Aggregate

%Gmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

Pb,by mass 
of

Aggregate

๐/oGmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

Pb,by mass 
of

Aggregate

๐/oGmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

< 0 . 3
5.6 85.0 97.0 15.3 73.9 0.6 5.6 85.0 97.5 15.3 73.9 0.6 5.5 85.0 จา.ร 15.1 73.6 0.6 5.5 85.0 97.7 15.1 73.6 0.6

criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT

01 5.5 85.0 97.5 15.1 73.6 0.6 5.5 85.0 97.7 15.1 73.6 0.6 5.4 85.0 จา.ร 14.9 73.2 0.6 5.3 85.5 97.5 14.7 72.9 0.6
criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

o w o

5.4 85.0 97.5 14.9 73.2 0.6 5.3 85.5 97.5 14.7 72.9 0.6 5.2 85.5 97.0 14.6 72.5 0.6 5.1 84.7 97.0 14.4 72.1 0.7
criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

3 . 0 -

10 .0

5.3 85.5 97.5 14.7 72.9 0.6 5.1 84.7 97.0 14.4 72.1 0.7 5.0 84.7 จา.l 14.2 71.8 0.7 5.0 85.5 97.3 14.2 71.8 0.7

criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

1 0 . 0 -

3 0 . 0

5.1 84.7 97.0 14.4 72.1 0.7 5.0 85.5 97.3 14.2 71.8 0.7 5.0 85.5 97.5 14.2 71.8 0.7 4.8 84.5 97.0 13.8 71.0 0.7

criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

3 0 . 0 -

1 0 0 . 0

5.0 85.0 97.5 14.2 71.8 0.7 4.8 84.5 97.0 13.8 71.0 0.7 4.8 84.5 97.0 13.8 71.0 0.7 4.8 85.0 97.5 13.8 71.0 0.7

criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

> 1 0 0 . 0
4.8 84.5 97.0 13.8 71.0 0.7 4.8 85.0 97.5 13.8 71.0 0.7 4.8 85.0 จา.ร 13.8 71.0 0.7 4.8 85.0 97.8 13.8 71.0 0.7

criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

ข้อกำหนดในการพิจารณา : Air voids 4.00%
%Gmm @ Nini 
Dust Proportion 
VMA

< or = 89% %Gmm @ Nmax < or = 98%
0.6- 1.2
> 15.0 % Depend on Nominal Maximum Aggregate Size
Depend on Traffic Level *•0so

VFA



กราฟแสดงความส้มพันธุระหว่าง %Gmm และจำนวนรอบการบดอ้ด
: ขนาดคละผ่าน Restrictrd zone (Gradation # 2)%Gmm

4.7%AC of Aggregate 

5.2%AC of Aggregate 

5.8%AC of Aggregate 

6.2%AC of Aggregate

No. of Gyration

1 10 100 1000 oo



ผ ล ก า ร อ อ ก แ บ บ โ ด ย ว ิธ ีซ ูเป อ ร ์เพ ฟ  ร ะ ด ับ  1

ข น า ด ค ล ะ ผ า น  R e s t r i c t e d  z o n e  ( G r a d a t i o n  #  2 )
Design
ESALs

(millions)

Average Design High Air Temperature
< 39 c 39-40 c 41 -42 c 43 - 44 c

Pb,by mass 
of

Aggregate

%Gmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

Pb,by mass 
of

Aggregate

%Gmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

Pb,by mass 
of

Aggregate

%Gmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

Pb,by mass 
of

Aggregate

%Gmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

< 0 . 3
5.9 84.0 97.5 15.8 74.7 0.6 5.9 84.0 97.8 15.8 74.7 0.6 5.8 84.0 97.8 15.6 74.4 0.6 5.7 84.0 98.0 15.4 74.1 0.6

criteria ACCEPT ACCEPT ACCEPT ACCEPT NO criteria ACCEPT ACCEPT ACCEPT ACCEPT NO criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT

0.3 -  1.0
5.8 84.0 97.5 15.6 74.4 0.6 5.7 84.0 97.8 15.4 74.1 0.6 5.6 83.8 97.8 15.3 73.8 0.6 5.5 84.2 97.8 15.1 73.4 0.6

criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT

© นุ, o

5.6 83.8 97.5 15.3 73.8 0.6 5.4 84.2 97.8 14.9 73.1 0.6 5.3 84.2 97.5 14.7 72.7 0.6 5.2 84.0 97.5 14.5 72.4 0.7
criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

3 . 0 -

10 .0

5.4 84.0 97.5 14.9 73.1 0.6 5.2 84.0 97.5 14.5 72.4 0.7 5.2 84.0 97.8 14.5 72.4 0.7 5.1 84.2 97.5 14.3 72.0 0.7

criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

1 0 . 0 -

3 0 .0

5.2 84.0 97.5 14.5 72.4 0.7 5.1 84.2 97.5 14.3 72.0 0.7 5.0 84.0 97.5 14.1 71.6 0.7 4.9 84.0 97.5 13.9 71.2 0.7

criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

3 0 . 0 -

1 0 0 .0

5.0 84.0 97.5 14.1 71.6 0.7 4.9 83.8 97.3 13.9 71.2 0.7 4.9 83.8 97.5 13.9 71.2 0.7 4.8 84.2 97.5 13.7 70.8 0.7

criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

>  1 0 0 .0
4.9 84.0 97.5 13.9 71.2 0.7 4.8 84.2 97.3 13.7 70.8 0.7 4.7 84.0 97.5 13.5 70.4 0.7 4.7 84.0 97.5 13.5 70.4 0.7

criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT
ข้อกำหนดในการพิจารณา ะ Air voids 4.00%

%Gmm @ Nini 
Dust Proportion 
VMA 
VFA

< or = 89% %Gmm @ Nmax < or = 98%
0.6 - 1.2
> 15.0 % Depend on Nominal Maximum Aggregate Size
Depend on Traffic Level o



%Gmm
กราฟแสดงความสัมพันธ์ระหว่าง %Gmm และจำนวนรอบการบดอัด

ะ ขนาดคละใต้ Restricted zone (Gradation # 3)
100.0

98.0

96.0

94.0

92.0

90.0

88.0 

86.0

84.0

82.0 

80.0

—9 -  4.7% AC

5.2%AC 

- e -  5.8%AC 

6.2% AC 

6.8% AC 

-------7.2% AC

of Aggregate 

of Aggregate 

of Aggregate 

of Aggregate 

of Aggregate 

of Aggregate

No. of Gyration



ผ ล ก า ร อ อ ก แ บ บ โ ด ย ว ิธ ีซ ูเป อ ร ์เพ ฟ  ร ะ ด ับ  1

ข น า ด ค ล ะ ใ ต ้ R e s t r i c t e d  z o n e  ( G r a d a t i o n  # 3 )
Design
ESALs

(millions)

Average Design High Air Temperature
< 39 c 39-40 c 41 -42 c 43 - 44 c

Pb,by mass 
of

Aggregate

%Gmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

Pb,by mass 
of

Aggregate

๐/oGmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

Pb,by mass 
of

Aggregate

%Gmm 
@ Nini

%Gmm 
@ Nmax

VMA VFA Dust
Proportion

Pb,by mass 
of

Aggregate

%Gmm 
@ Nini

% G m m 
@ Nmax

VMA VFA Dust
Proportion

< 0 . 3
- - - - - - - - - - - - - - - - - - 7.2 83.5 98.0 18.2 78.0 0.5

criteria - - - - - criteria - - - - - criteria - - - - - criteria ACCEPT ACCEPT ACCEPT ACCEPT NO

0.3 - 1.0
- - 7.2 83.5 98.0 18.2 78.0 0.5 7.0 83.0 97.8 17.8 77.5 0.5 6.8 83.5 98.0 17.4 77.1 0.5

criteria - - - - criteria ACCEPT ACCEPT ACCEPT ACCEPT NO criteria ACCEPT ACCEPT ACCEPT ACCEPT NO criteria ACCEPT ACCEPT ACCEPT ACCEPT NO

1 . 0 - 3 . 0
7.0 83.0 97.8 17.8 77.5 0.5 6.2 83.0 97.8 16.3 75.5 0.5 6.2 83.0 97.8 16.3 75.5 0.5 6.0 82.5 97.8 16.0 75.0 0.6

criteria ACCEPT ACCEPT ACCEPT ACCEPT NO criteria ACCEPT ACCEPT ACCEPT ACCEPT NO criteria ACCEPT ACCEPT ACCEPT ACCEPT NO criteria ACCEPT ACCEPT ACCEPT ACCEPT NO
3 . 0 -

10 .0

6.2 83.0 97.8 16.3 75.5 0.5 6.0 82.5 97.8 16.0 75.0 0.6 5.9 82.5 98.0 15.8 74.7 0.6 5.8 83.0 97.8 15.6 74.4 0.6
criteria ACCEPT ACCEPT ACCEPT NO NO criteria ACCEPT ACCEPT ACCEPT ACCEPT NO criteria ACCEPT ACCEPT ACCEPT ACCEPT NO criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT

1 0 . 0 -

3 0 .0

6.0 82.5 97.8 16.0 75.0 0.6 5.8 83.0 97.8 15.6 74.4 0.6 5.6 82.5 97.8 15.2 73.7 0.6 5.4 82.5 97.5 14.8 73.0 0.6
criteria ACCEPT ACCEPT ACCEPT ACCEPT NO criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

3 0 . 0 -

10 0 .0

5.6 82.5 97.8 15.2 73.7 0.6 5.4 82.5 97.8 14.8 73.0 0.6 5.4 82.5 97.8 14.8 73.0 0.6 5.2 83.0 97.8 14.5 72.3 0.7
criteria ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT

> 1 0 0 .0
5.4 82.5 97.8 14.8 73.0 0.6 5.2 83.0 97.8 14.5 72.3 0.7 5.1 82.5 97.5 14.3 71.9 0.7 5.1 82.5 97.5 14.3 71.9 0.7

criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT criteria ACCEPT ACCEPT NO ACCEPT ACCEPT
ข้อกำหนดในการพิจารณา: Air voids 4.00%

%Gmm @ NI ini 
Dust Proportion 
VMA 
VFA

< or = 89% %Gmm @ Nmax < or = 98%
0.6- 1.2
> 15.0 % Depend on Nominal Maximum Aggregate Size
Depend on Traffic Level
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ผลการบดอัดตัวอย่างเพ่ือหาค่าความเบ่ียงเบนมาตรฐาน ะ ขนาดคละ 1 105
การบดอัดโดยวิธีมาร์แชล

No. %AC by wgt 
of Agg

%AC by wgt 
of Mix

Mass (grams) Bulk
Vol.
cc.

Density
(g/ml)

Average
Density
(g/ml)

Standard
Deviationเท Air SSD In water

1

5.00 4.76

1245.3 1246.6 696.2 550.4 2.263

2.278 0.0193
2 1244.1 1244.8 702.3 542.5 2.293
3 1244.6 1246.1 695.2 550.9 2.259
4 1245.5 1246.8 704.1 542.7 2.295
5

6.00 5.66

1260.5 1261.2 721.6 539.6 2.336

2.328 0.0358
6 1262.0 1262.5 727.8 534.7 2.360
7 1259.0 1259.7 721.4 538.3 2.339
8 1261.8 1263.6 709.4 554.2 2.277
9

7.00 6.54

1270.6 1270.8 735.0 535.8 2.371

2.362 0.0172
10 1268.8 1269.2 734.3 534.9 2.372
11 1273.4 1273.8 735.9 537.9 2.367
12 1274.1 1275.0 729.6 545.4 2.336

การบดอัดโดย Gyratory Compactor ในวิธีซูเปอร์เพฟ

No. %AC by wgt 
of Agg

%AC by wgt 
of Mix

Mass (grams) Bulk
Vol.
CC.

Density
(g/ml)

Average
Density
(g/ml)

Standard
DeviationIn Air SSD In water

1

5.00 4.76

1254.4 1255.4 736.7 518.7 2.418

2.421 0.00242 1260.7 1261.8 741.4 520.4 2.423
3 1252.1 1253.3 736.7 516.6 2.424
4 1268.7 1269.8 745.6 524.2 2.420
5

6.00 5.66

1267.9 1268.6 747.5 521.1 2.433

2.434 0.00186 1271.8 1272.4 749.9 522.5 2.434
7 1272.2 1272.9 750.9 522.0 2.437
8 1272.7 1273.4 750.4 523.0 2.433
9

7.00 6.54

1277.1 1277.6 749.3 528.3 2.417
2.418 0.001810 1283.6 1284.0 753.3 530.7 2.419

11 1277.6 1278.4 749.6 528.8 2.416
12 1280.5 1281.1 752.0 529.1 2.420



ผลการทดสอบสมมติฐานการเปรืยบเทียบค่าเบ่ียงเบนมาตรฐาน ะ ขนาดคละ 1

%AC by 
wgt of Agg

%AC by 
wgt of Mix

Standard Deviation Fc=(S.D.2Mars1131,)/(S.D.2Gyrat0ry) F = 9.28
From Gyratory Compactor From Marshall Method

Gyration No. S.D. at each Gyration

5.00 4.76

300 0.0024

0.0193

64.6 Reject
172 0.0034 31.7 Reject
128 0.0033 33.6 Reject
95 0.0034 31.6 Reject
68 0.0036 28.0 Reject

6.00 5.66

300 0.0018

0.0358

374.4 Reject
172 0.0024 224.9 Reject
128 0.0028 159.0 Reject
95 0.0032 123.3 Reject
68 0.0037 94.1 Reject

300 0.0018 95.4 Reject
172 0.0020 74.3 Reject

7.00 6.54 128 0.0017 0.0172 104.0 Reject
95 0.0016 115.0 Reject
68 0.0032 29.3 Reject



ผลการบดอัดตัวอย่างเพือหาค่าความฌียงเบนมาตรฐาน ะ ขนาดคละ 2 107
การบดอัดโดยวิธีมาร์แชล

No. %AC by wgt 
of Agg

%AC by wgt 
of Mix

Mass (grams) Bulk
Vol.
cc.

Density
(g/ml)

Average
Density
(g/ml)

Standard
Deviationเท Air SSD In water

1

5.00 4.76

1251.8 1255.0 706.9 548.1 2.284

2.293 0.00922 1250.5 1253.3 707.6 545.7 2.292
3 1248.4 1251.4 706.1 545.3 2.289
4 1250.0 1252.5 710.3 542.2 2.305
5

6.00 5.66

1259.5 1260.2 721.6 538.6 2.338

2.329 0.01546 1264.6 1265.6 721.9 543.7 2.326
7 1261.6 1263.5 717.0 546.5 2.309
8 1262.8 1263.5 724.5 539.0 2.343
9

7.00 6.54

1273.5 1274.0 731.9 542.1 2.349
2.354 0.012110 1274.3 1274.7 734.5 540.2 2.359

11 1274.6 1275.0 730.2 544.8 2.340
12 1269.0 1269.5 733.5 536.0 2.368

การบดอัดโดย Gyratory Compactor ในวิธีซูเปอร์เพฟ

No. %AC by wgt 
of Agg

%AC by wgt 
of Mix

Mass (grams) Bulk
Vol.
CC.

Density
(g/ml)

Average
Density
(g/ml)

Standard
DeviationIn Air SSD In water

1

5.00 4.76

1252.2 1253.4 738.6 514.8 2.432

2.432 0.00542 1259.9 1260.8 744.4 516.4 2.440
3 1253.5 1254.5 738.4 516.1 2.429
4 1268.6 1269.8 747.3 522.5 2.428
5

6.00 5.66

1254.4 1255.0 743.7 511.3 2.453

2.449 0.00456 1271.5 1272.3 752.4 519.9 2.446
7 1254.2 1255.2 742.0 513.2 2.444
8 1288.2 1288.9 763.4 525.5 2.451
9

7.00 6.54

1274.1 1274.8 750.9 523.9 2.432
2.432 0.002010 1280.1 1280.8 754.8 526.0 2.434

11 1279.8 1280.3 753.4 526.9 2.429
12 1279.4 1279.9 753.9 526.0 2.432



ผลการทดสอบสมมติฐานการเปรืยบเทียบค่าเบ่ียงเบนมาตรฐาน ะ ขนาดคละ 2

%AC by 
wgt of Agg

%AC by 
wgt of Mix

Standard Deviation Fc=(S.D.2Mar 511311)/(S.D.2Gyr ,,0 ry) F = 9.28r  95,3,3

From Gyratory Compactor From Marshall Method
Gyration No. S.D. at each Gyration

5.00 4.76

300 0.0054

0.0092

2.9 Accept
172 0.0043 4.4 Accept
128 0.0038 5.8 Accept
95 0.0026 12.8 Reject
68 0.0021 19.6 Reject

6.00 5.66

300 0.0045

0.0154

11.6 Reject
172 0.0041 14.3 Reject
128 0.0033 21.4 Reject
95 0.0041 14.4 Reject
68 0.0043 13.1 Reject

7.00 6.54

300 0.0020

0.0121

36.7 Reject
172 0.0028 19.0 Reject
128 0.0039 9.8 Reject
95 0.0047 6.5 Accept
68 0.0039 9.5 Reject



ผลการบดอัดตัวอย่างเพ่ือหาค่าความเบ่ียงเบนมาตรฐาน ะ ขนาดคละ 3 109
การบดอัดโดยวิธีมาร์แชล

No.
%AC by 

wgt of Agg
%AC by 

wgt of Mix

Mass (grams) Bulk
Vol.
c c .

Density
(g/m!)

Average
Density
(g/ml)

Standard
DeviationIn Air SSD In water

1

5.00 4.76

1253.7 1272.5 702.1 570.4 2.198

2.237 0.02682 1252.7 1263.1 704.0 559.1 2.241
3 1248.9 1260.0 704.8 555.2 2.249
4 1252.9 1261.7 706.9 554.8 2.258
5

6.00 5.66

1266.4 1281.7 701.8 579.9 2.184

2.199 0.01216 1269.8 1280.4 702.0 578.4 2.195
7 1264.8 1276.7 703.6 573.1 2.207
8 1263.6 1274.9 703.3 571.6 2.211
9

7.00 6.54

1276.7 1279.7 712.2 567.5 2.250
2.257 0.008110 1276.3 1277.5 714.5 563.0 2.267

11 1274.2 1276.2 712.6 563.6 2.261
12 1275.8 1277.8 711.2 566.6 2.252

การบดอัดโดย Gyratory Compactor ในวิธีซูเปอร์เพฟ

No. %AC by 
wgt of Agg

%AC by 
wgt of Mix

Mass (grams) Bulk
Vol.
c c .

Density
(g/ml)

Average
Density
(g/ml)

Standard
DeviationIn Air SSD In water

1

5.00 4.76

1254.6 1258.6 731.2 527.4 2.379

2.375 0.00402 1254.4 1257.8 728.8 529.0 2.371
3 1262.3 1266.4 735.7 530.7 2.379
4 1260.2 1264.1 732.9 531.2 2.372
5

6.00 5.66

1259.8 1262.0 737.8 524.2 2.403

2.411 0.01156 1271.6 1273.6 743.6 530.0 2.399
7 1267.3 1268.8 745.8 523.0 2.423
8 1268.9 1270.2 745.5 524.7 2.418
9 1275.2 1276.0 749.7 526.3 2.423
10 1270.3 1270.9 746.9 524.0 2.424 2.426 0.0034
11 7.00 6.54 1269.7 1270.4 747.6 522.8 2.429
12 1274.6 1275.1 750.6 524.5 2.430



ผลการทดสอบสมมติฐานการเปรียบเทียบค่าเบ่ียงเบนมาตรฐาน ะ ขนาดคละ 3

%AC by 
wgt of Agg

%AC by 
wgt of Mix

Standard Deviation F=(S.D.2Marsha 11)/ (S.D.2Gyr 3,0 ry) F = 9.28r  95,3,3 y

From Gyratory Compactor From Marshall Method
Gyration No. S.D. at each Gyration

5.00 4.76

300 0.0040

0.0268

44.7 Reject
172 0.0044 37.0 Reject
128 0.0046 33.6 Reject
95 0.0049 29.3 Reject
68 0.0051 27.2 Reject

6.00 5.66

300 0.0115

0.0121

1.1 Accept
172 0.0106 1.3 Accept
128 0.0097 1.6 Accept
95 0.0088 1.9 Accept
68 0.0081 2.2 Accept

7.00 6.54

300 0.0034

0.0081

5.5 Accept
172 0.0042 3.7 Accept
128 0.0043 3.6 Accept
95 0.0045 3.2 Accept
68 0.0044 3.3 Accept



ภาคผนวก ง



รูปท่ี ง-2 การจัดเตรียมก้อนตัวธย่างเพ่ือทดสอบ 

รูปท่ี ง เคร่ืองมือและอุปกรณ์ท่ีใช้ในการทดสอบโมดูลัสคืนตัวและความล้า



รายล ะเอ ียด ล ัก ษ ณ ะ ข อ งก ้อ น ต ัว อ ยำงท ึใช ท ด ส อ บ 113

ขนาดคละเหนือ Restricted zone ( Gradation #  1)

ชอกอนตัวอย่าง เสันผ่านคุ(นข์กลาง (ม.ม.) ความหนา (มม.) นาหนัก (กรัม) ความหนาแน่น ปริมาณช่องว่างของอากาศ
แต่ละทิศทาง เฉล่ีย แต่ละชุด เฉล่ีย ช่ังในอากาศ ช่ังในนา อ่ิมตัวผิวแห้ง (ก.ก./ม3) (ร้อยละ)

99.65 73.10

G1-6.5-T 99.70 73.10 73.18 1272.7 710.4 1275.4 2252.6 6.64
99.75 73.30

73.20

99.90 66.65

G1-5.0-1 99.90 66.80 66.79 1241.9 703.1 1243.5 2298.1 6.6
99.90 66.85

66.85

99.90 67.45

G1-5.0-2 99.90 67.35 6739 1261.2 712.3 1262.3 2293.1 6.77
99.90 67.30

67.45

99.90 69.35

G1-6.5-1 99.95 69.15 69.28 1273.6 711.6 1274.9 2261.0 6.29
100.00 69.20

69.40

99.90 69.10

G1-6.5-2 99.90 69.20 69.24 1277.8 713.5 1279.0 2259.6 6.35
99.90 69.40

69.25

99.85 71.90

G 1-8.0-1 99.88 71.80 71.81 1296.6 712.7 1297.5 2217.2 6.39
99.90 71.75

71.80

99.85 72.05

G1-8.0-2 99.90 72.00 71.98 1291.8 710.4 1292.8 2218.1 6.36
99.95 71.85

72.00



ร ายล ะ เอ ียด ล ัก ษ ณ ะ ข อ งก ้อ น ต ัว อ ย ่างท ี่ใช ้ท ด ส อ บ 114

ขนาดคละผ่าน Restricted zone ( Gradation น 2)

ช่ือก้อนตัวอย่าง เสันผ่านสูนข์กลาง (ม.ม.) ความหนา (มม.) นาทนัก (กรัม) ความหนาแน่น ปริมาณช่องว่างของอากาศ
แต่ละทิศทาง เฉล่ีย แต่ละชุด เฉล่ีย ช่ังในอากาศ ช่ังในนำ อ่ิมตัวผิวแท้ง (ก.ก./ม3) (ร้อยละ)

99.90 72.60

G2-6.5-T 99.93 72.60 72.70 1264.2 709.8 1269.4 2259.1 6.43
99.95 72.90

72.70

99.95 67.30

G2-5.0-1 99.98 67.20 67.23 1257.0 715.2 1262.0 2298.8 6.62
100.00 67.20

67.20

100.00 67.10

G2-5.0-2 99.98 67.15 67.16 1252.6 709.8 1253.8 2302.6 6.46
99.95 67.10

67.30

99.90 69.00

G2-6.5-1 99.80 68.70 68.93 1276.1 710.5 1277.4 2251.0 6.77
99.70 68.90

69.10

99.90 69.05

G2-6.5-2 99.95 69.00 69.01 1275.9 709.8 1276.7 2250.7 6.79
100.00 69.00

69.00

99.80 73.00

G2-8.0-1 99.75 72.65 72.86 1292.7 710.5 1294.2 2214.7 6.57
99.70 72.80

73.00

99.90 73.25

G2-8.0-2 99.85 73.10 73.16 1296.4 712.3 1298.3 2212.3 6.67
99.80 73.10

73.20



ร าย ล ะ เอ ึยด ล ัก ษ ณ ะ ข อ งก ้อ น ต ัว อ ย ่างท ื!ช ้ท ด ส อ บ 115

ขนาดคละใต้ Restricted zone ( Gradation # 3)

ชอกอนตัวอย่าง 1สันผ่านสู-นยกลาง (ม.ม.) ความหนา (มม.) นาหนัก (กรัม) ความหนาแน่น ปริมาณช่องว่างของอากาศ
แต่ละทิศทาง เฉล่ีย แต่ละจุด เฉล่ีย ช่ังในอากาศ ช่ังในนำ อ่ิมคัวผิวแห้ง (ก.ก./ม3) (ร้อยละ)

100.00 73.60

G3-6.5-T 99.85 73.80 73.66 1277.7 718.5 1284.7 2256.6 6.57
99.70 73.60

73.65

100.00 67.20

G3-5.0-1 100.00 67.20 67.25 1267.7 718.2 1270.2 2296.6 6.74
100.00 67.20

67.40

99.85 66.60

G3-5.0-2 99.93 66.60 66.55 1255.3 713.2 1257.2 2307.5 6.30
100.00 66.50

66.50

99.90 68.55

G3-6.5-1 99.98 68.60 68.60 1271.2 710.3 1272.9 2259.5 6.45
100.05 68.55

68.70

99.90 68.80

G3-6.5-2 99.90 68.90 68.80 1275.9 711.3 1276.9 2255.8 6.61
99.90 68.80

68.70

99.90 73.25

G3-8.0-1 99.90 73.00 73.19 1286.4 708.5 1288.2 2219.1 6.41
99.90 73.20

73.30

99.90 73.85

G3-8.0-2 99.95 73.80 73.90 1289.5 710.1 1291.6 2217.5 6.48
100.00 73.95

74.00



ผ ล ก ารท ด ส อ บ ค ่าค วาม ต ้าน ท าน ต ่อ แรงด ึงท างอ ้อ ม  (Indirect T ensile T est) ท ีอ ุณ ห ภ ูม ิ 25 องศาเซ ลเซ ียส

ช่ือก้อนตัว 
อย่าง

เสันผ่านสูนย์กลาง 
เฉล่ีย (D) (ม.ม.)

ความหนาเฉล่ีย 
(T) (ม.ม.)

พ้ืนท่ี = ((22/7) X  D X  

T)/2 (ม.ม.2)

นำหนักกระทำสูงสุด 
(kN)

ค่าความต้านทาน 
ต่อแรงดึงทางอ้อม 

(MPa)
G1-6.5-T 99.70 73.18 11465.22 5.20 0.454

G2-6.5-T 99.93 72.70 11416.29 5.09 0.446

G3-6.5-T 99.85 73.66 11557.78 5.14 0.445



ผอการทดฮธบโมภูอัฮคืนตัว (Resilient Modulus) ฑีธุณหภูมิ 25 ธงตนซอเซีขส กว!มอ 1 Hz
ขนาดคละเหนอ Restricted zone ( Gradation น 1)

À y ~ . พำโมถูa สคีนตัว (R esten t Modulus) (MPa) พำการรนตัว (Resilient Srain) (Micro strain)

พำฉาก 5 รอบชุ»เท้าฃ เฉ ao  แต ่ a  ะท้»r r m เฉ a ทร่นนมก พำฉาก 5 รอบชุ»เท้าO เฉ a  (เนติ3ะท้»กาใง เฉa  ฮท้านม»!

5671 5.280

5807 5.133

1 5373 5 6 0 8 .0 0 5.573 5 3 4

5671 5.280

G l-5 .0 -1
5518

5 7 0 7 3 0
5.426

5 .2 5
6005 4.987

6005 4.987

2 5518 5 8 0 6 .6 0 5.427 5 .1 6

5671 5.280

5834 5.133

6410 4.693

6410 4.693

1 6381 6 4 0 4 .2 0 4.693 4 .6 9

6410 4.693

G l - 5 .0 - 2
6410

6 8 7 8 .2 0
4.693

4 .4 0
7359 4.106

7326 4.106

2 7326 7 3 5 2 .2 0 4.106 4 .11

7359 4.106

7391 4.106

4453 6.746

4492 6.746

1 4473 4 5 1 3 .4 0 6.746 6 .6 9

4473 6.746

1 G l-6 .5 -1
4676

4 9 0 9 .1 0
6.453

6 .2 0
5299 5.720

5299 5.720

2 5438 5 3 0 4 .8 0 5.573 5 .7 2

5189 5.867

5299 5.720

4187 7.187

4187 7.187

1 4205 4 1 7 7 .4 0 7.187 7 .2 2

4121 7.333

G l - 6 .5 - 2
4187

4 5 0 5 .2 0
7.187

6 .7 5
4703 6.453
4792 6.307

2 4833 4 8 3 3 .0 0 6.307 6 .2 8

5174 5.867

4663 6.453
3087 9.681
3041 9.827

1 3135 3 0 7 1 .8 0 9.534 9 .7 4

3087 9.681

G l -8 .0 -1
3009

3 2 1 8 .0 0
9.974

9 3 4
3248 9.241

3425 8.801

2 3425 3 3 6 4 .2 0 8.801 8 .9 5

3369 8.948

3354 8.948

2870 10.560

2952 10.260

1 2898 2 9 1 0 .8 0 10.410 10.41

2858 10.560

G l - 8 .0 - 2
2976 3 0 1 4 .9 0

10.260 10.08
3039 9.975

3131 9.681
2 3039 3 1 1 9 .0 0 9.975 9 .7 4

3242 9.388

3144 9.681



ผอกไรทดฮธบโมภูอัฮกืนดั! (Resilient Modulus) ฑีรุณหฎมิ 40 ธงศนซอIชีขฮ กว!มอ 1 Hz
ขนาดกละเนนอ Restricted zone ( Gradation tt 1)

L .  -  . ค ่าโมถูa สสืนตัว (R esten t Modulus) (MPa) ค่าการศนตัว (Resilient Srain) (Mid 0 strain)

ค่าจาก 5 รอบส fุlท้า0 เฉอึ๋ฮแด่อะทิสทาา เฉao  •nrแมค ค่าจาก 5 รอบสุกท้าฮ เฉa 0แตอะทัสฑใา เฉอึ่ฮร่ทหมก

2109 4.840

2074 4.987

1 2047 2 1 1 4 .2 0 4.987 4 .8 7

2204 4.694

1 G l-5 .0 -1
2137

1 9 5 4 .9 0
4.840

5 3 4
1720 6.014

1808 5.721

2 1832 1 7 9 5 .6 0 5.721 5 .81

1832 5.721

1786 5.867

2722 3.666

2722 3.666

1 2722 2 6 6 1 .0 0 3.666 3 .7 5

2618 3.813

1 G l -5 .0 -2
2521

2 4 3 9 .1 0
3.960

4 .1 4
2098 4.694

2330 4.400

2 2225 2 2 1 7 .2 0 4.547 4 .5 2

2195 4.547

2238 4.400

1491 7.041

1472 7.041

1 1405 1 4 6 1 .0 0 7.188 7 .0 4

1453 7.041

G 1-6 .5 -1
1484

1 3 9 5 .1 0
6.895

7 3 5
1341 7.629

1341 7.629

2 1316 1 3 2 9 .2 0 7.776 7 .6 6

1324 7.629

1324 7.629

1247 8.215
1184 8.655

1 1226 1 2 3 4 .2 0 8.361 S 3 9

1241 8.361

1 G l -6 .5 -2
1273

11SS.40
8.361

8 .6 7
1112 9.096
1164 8.803

2 1112 1 1 4 2 .6 0 9.096 8 .9 5

1169 8.656

1156 9.096

931 11.290

920 11.150
1 933 9 1 5 3 8 11.000 11.26

897 11.440

G l-S .0 -1
897

8 47 .S 1
11.440

1 2 .16
795 12910

758 13.200
2 758 7 8 0 .2 4 13.200 13.05

787 13.200
804 12760

969 10.560

929 11.150
1 918 9 5 2 3 8 11.150 10.85

966 10.850

G l -8 .0 -2
981 S 5 2 .4 9 10.560 12.29
743 13.940

743 13.940
2 750 7 5 2 .6 0 13.640 13.73

759 13.640

768 13.500



ผอการทดฮธบโมดูอัอกีนดัว (Resilient Modulus) ที§ณห,ดูมิ 55 รงศาเชอเชียส กวามก 1 Hz
ขนาดคละเหนอ Restricted zone ( Gradation น 1)

ช ึ๋รก ้8 นพัว8ฮ่าง
ร ่าโม ถ ูaสสินพัว (Resilient Modulus) (MPa) ร ่ากา!ส ินพ ัว (Resilient Srain) (Micro strain)

ร่าฉาก 5 Ï81J?(«ท้าช เฉ(เฮแร ่8ะท ้«ท า! เฉ(เฮท ้!ทมค ร่าฉาก 5 !  8บชุ«ท ้าซ เฉ(เฮแร ่a e ท ิสทา! เฉ ao  ท ั๋!  M มก

981 6.748

903 7.334

1 961 9 5 7 J 6 7.041 6 .9 5

981 6.601

G 1 -5 .0 -1
961

8 9 4 3 8
7.041

7 .2 5
863 7.334

826 7.481

2 826 8 3 1 .4 0 7.481 7 .5 4

833 7.774

810 7.628

1208 5.427

1242 5.280

1 1278 1 2 2 7 .6 0 5.134 5 .2 8

1286 4.987

G 1 -5 .0 -2
1124

1 1 4 3 .2 0
5.574

5 .7 8
1065 6.161

1040 6.307

2 1109 1 0 5 8 .8 0 6.307 6 .2 8

1040 6.307

1040 6.307

706 9.241

645 9.681

1 654 6 6 4 .7 6 9.535 9 .4 8

654 9.535

G  1-6 .5 -1
665

5 7 6 .2 4
9.388

494 12900

494 12900

2 478 4 8 7 .7 2 12760 12.90

494 12900

478 13.050

563 10.850

568 11.000

1 570 5 7 0 .9 8 10.700 10.94

578 11.290

G 1 -6 .5 -2
576

4 8 6 .1 0
10.850

13.01
395 15.110

399 14.960

2 418 4 0 1 .2 2 14.960 15.08

400 15.250

395 15.110

328 18.330

338 18.630

1 333 3 3 3 .1 8 18.480 18.48

333 13.480

G l-8 .0 -1
333

3 1 3 .6 7
18.480

1 9 .76
288 21.420

296 21.270

2 298 2 9 4 .1 6 20.680 2 1 .0 3

298 20.680

292 21.120

251 23.910

254 23.610

1 263 2 5 6 3 4 23.910 2 3 .8 5

258 23.760

G l - 8 .0 - 2
255 2 4 1 .4 9

24.050 2 5 .5 9
230 27.280

223 27.570
2 229 2 2 6 .6 4 26.840 2 7 3 4

229 27.420

223 27.570 11



ผอการทดสอบโมภูอัสกืนดัว (Resilient Modulus) ทีอุณหภูมิ 25 องศาเชอเชียอ กวามอ 1 Hz
ขนาดกละ:ผ่า'น Restricted zone ( Gradation # 2) 120

a  * ~ . ค ่าโมถูร ้สคนตัว (Re«Bent Modulus) (MPa) ค่าการกนตัว (Resilient Srain) (Micro strain)

ค่ารทก 5 รรบ ช ุ«ท ้า0 เฉa o u n a  ะทศทาง เฉ ao  ทัาหมอ ค่ารทก 5 ร รบÏJ«ท ้า0 เฉ a  ฮแตั a ะฑิ*ก1าง เฉ a an1หมก

5414 5.568 !
5560 5.421

1 5878 5 6 S 9 .0 0 5.128 5 3 0

5715 5.275

G 2 -5 .0 -1
5878

5 9 6 3 .0 0
5.128

5 .0 8
6458 4.688

6458 4.688

2 5878 6 2 3 7 .0 0 5.128 4 .8 6

6487 4.688

5904 5.128

5390 5.567

5535 5.421

1 5275 5 4 9 0 .0 0 5.714 5 .4 8

5715 5.274

G 2 -5 .0 -2
5535

6 3 3 2 .0 0
5.421

4 .8 5
7380 4.102

6858 4.395

2 7126 7 1 7 4 .0 0 4.249 4 .2 2

7380 4.102

7126 4.249

4863 6.166

4750 6.313

1 4326 4 6 3 7 .4 0 6.900 6 .4 6

4519 6.607

G 2 -6 .5 - 1
4729

5 0 0 4 .5 0
6.313

6 .0 2
5237 5.726

5520 5.432

2 5351 5 3 7 1 .6 0 5.579 5 .5 8

5375 5.579

5375 5.579

4115 7.334

4034 7.480

1 3882 4 0 0 4 .4 0 7.774 7 .5 4

3957 7.627

G 2 -6 .5 -2
4034

4 3 4 S .1 0
7.480

7 .01
4696 6.454

4942 6.160

2 4717 4 6 9 1 .8 0 6.454 6 .4 8

4592 6.600

4512 6.747

2685 11.160

2685 11.160

1 2758 2 6 8 5 .6 0 10.860 11.16

2650 11.300

G 2 -8 .0 -1
2650

2 6 7 6 .1 0
11.300

1 1 .19
2685 11.160

2639 11.310

2 2639 2 6 6 6 .6 0 11.310 11.22

2685 11.160

2685 11.160

2940 10.260

2982 10.120

1 2982 2 9 9 4 .0 0 10.120 10.09

2982 10.120

G 2 -8 .0 -2
3084 2 9 9 1 .5 0

9.828 1 0 .0 9  1
2928 10.260

2995 10.120

2 3026 2 9 8 9 .0 0 9.976 10.09

3026 9.976

2970 10.120



ผอการทดสอบโมภูอัสกืนตัว (Resilient Modulus) ฑยูณหภูมิ 40 องศ!เชอเชียอ กวามอ 1 Hz
ขนาดกละผ่าน Restricted zone ( Gradation ท 2) 121

À y ~ . ค ่าโมถูท ัสกีนตัว (Resflient Modulus) (MPa) ค่าการกีนตัว (Resilient Srain) (Micro ltrain)

ค่าจาก 5 ร 8บช ุกท ัาฮ เฉร็»0แตั3ะทักทาง เฉa ซทงา«เก ค่าจาก 5 ร 0บชุกทัาท เฉ a  ทแตั a  ะทักทาง เฉa tiทังทมก

1625 6.154

1593 6.447

1 1524 1 5 8 1 .4 0 6.740 6 .4 5

1578 6.594

G 2 -5 .0 -1
1587

1 4 7 8 .0 0
6.301

6 .9 3
1356 7,475

1348 7.622

2 1412 1 3 7 4 .6 0 7.182 7 .4 2

1374 7.475

1383 7.329

1947 5.276

1752 5.862

1 1947 1 8 7 2 .8 0 5.276 5 .4 5

1922 5.276

1 G 2 -5 .0 -2
1796

1 6 4 4 .1 0
5.569

6 3 5
1412 7.182

1383 7.328

2 1431 1 4 1 5 .4 0 7.182 7 .2 4

1431 7.182

1420 7.328

1204 8.664

1220 8.664

1 1199 1 2 1 0 .6 0 8.811 8 .6 6

1241 8.517

G 2 -6 .5 -1
1189

1 1 6 5 .4 0
8.664

9 .0 0
1114 9.253

1110 9.400

2 1156 1 1 2 0 .2 0 9.253 9 3 4

1128 9.253

1093 9.547

1028 10.120

1028 10.120

1 1001 1 0 1 1 .8 8 10.270 10.21

988 10.270

G 2 -6 .5 -2
1014

9 2 7 .8 3
10.270

1 1 3 5
846 12470

845 11320

2 856 8 4 3 .7 8 12470 12.50

856 12470

816 12760

662 15.270

664 15.420

1 671 6 6 6 .9 0 15.270 15.24

675 14.980

G 2 -8 .0 -1
662

5 7 6 .9 9
15.270

18.14
491 20.860

495 20.710

2 497 4 S 7 .0 8 20.860 2 1 .0 4

478 21.450

475 21.300

622 15.980

641 15.690

1 616 6 2 2 .9 2 16.130 16.07

618 16.280

G 2 -8 .0 -2
618 6 1 0 .2 6

16.280 1 6 .46
617 16.720

594 16.720

2 597 5 9 7 .6 0 16.870 16.84

597 16.870

584 17.020 J



122ผอการฑคสธบโมดูอัฮกืนดัว (Resilient Modulus) ฑยูณหภูมิ 55 อวตนชอเซียส กว!มอ 1 Hz
ขนาดกละผ่าน Restricted zone ( Gradation น 2)

ค ่าโนถ ู£สคืนตัว CResflient Modulus) (MPa) ค่าการสืนตัว (Résilient Srain) (Micro strain)

ค่าจาก 5 Ï  รบ?{«ท้าข 1ฉรี่ชแต่8ะทิพทาา พ»80ฑั๋4พน« ค่าจาก 5 J รบ?{«ท้าฮ เฉฬ ึ่แท ่& ะ riffทา4 เนa o ท้งา1ม«

974 6.448

872 7.034

1 891 9 0 4 .7 4 6.888 6 .8 9

893 7.034

G 2 -5 .0 -1
893

8 3 2 .5 7
7.034

7 .5 2
761 8.060

775 7.914

2 748 7 6 0 .4 0 8.207 8 .1 5

756 8.500

761 8.060

1099 5.715

1075 5.569

1 1154 1 1 0 0 .4 0 5.569 5 .6 3

1101 5.569

G 2 -5 .0 -2
1073

9 7 6 .1 2
5.715

6 .4 2
838 7.327

821 7.474

2 872 8 5 1 .8 4 7.034 7 .21

838 7.327

891 6 888

712 8 223

712 8.223

1 725 7 1 1 .0 4 8.077 8 .1 9

699 8 370

G 2 -6 .5 -1
707

6 4 5 3 6
8.077

9 .2 2
581 10.570

583 10.280

2 595 5 7 9 .6 8 9.840 10.25

578 10.130

562 10.420

544 11.000

559 10.710

1 559 5 5 5 .6 2 10.710 10.77

559 10.710

G 2 -6 .5 -2
559

5 5 5 .4 5
10.710

1 0 .69
545 10.700

553 10 560

2 561 5 5 5 .2 8 10410 1 0 .62

566 10 560

551 10.850

327 17.330

327 17.330

1 338 3 3 0 .9 2 17.180 17.21

336 16 890

G 2 -8 .0 -1
327

3 3 6 .6 7
17.330

1 7 .08
344 16 880

347 16.730

2 341 3 4 2 .4 2 17.030 16.94

333 17.030

349 17.030

398 14.520

398 14 520

1 394 3 9 1 .4 6 14.670 14.61

384 14670

I G 2 -8 .0 -2
384 3 7 0 .2 2

14 670 1 5 .46
343 16430

346 16.280

2 351 3 4 8 .9 8 16.430 1 6 3 1

358 16.130

346 16.280 !



123ผอการทดสธบโมถูอัฮทืนตัว (Resilient Modulus) ท่ีดูณหภูมิ 25 ธงดนชatซิขส กวามอ 1 Hz
ขนาดกถะใด Restricted zone ( Gradation # 3)

À » s . ค่าโม»|â สคืนตัว (Resilient Modulus) (MPa) ค ่าการftนตัว (Resilient Srain) (Micro strain)
ค ่า«าก 5 ร8บช ุธท ้าย เฉa ฮนด่a  ะทํ»r rm เฉa  O TUM มด ค่าฉาก 5 Î  8บตุก1าใ0 เฉฬ ึ๋แด ํ8ะท »ท ทง เฉ a O TU MW a

5390 5.568

5414 5.568

1 5715 5 5 5 3 .6 0 5.275 5 .4 2

5689 5.275

G 3 -5 .0 -1
5560

5 8 3 4 .2 0
5.421

5 .1 9
6051 4.982

6105 4.982

2 6078 6 1 1 4 .8 0 4.982 4 .9 5
6078 4.982

6262 4.836

5543 5.426
5697 5.280

1 5671 5 5 8 9 .4 0 5.280 5 J 7

5518 5.426

G 3 -5 .0 -2
5518

6 0 5 0 .9 0
5.426

5 .0 0
6676 4.546

6409 4.693
2 6646 6 5 1 2 .4 0 4.546 4 .6 3 I

6215 4.840

6616 4.546

4729 6.300

4683 6.447

1 4345 4 6 1 3 .4 0 6.886 6 .51

4539 6.593

G 3 -6 .5 - 1
4771

4 9 7 7 .6 0
6.300

6 .0 8
5398 5.568
5129 5.861

2 5283 5 3 4 1 .8 0 5.714 5 .6 6

5306 5.714

5593 5.421

4091 7.334

3993 7 480
1 3916 3 9 6 9 .8 0 7.627 7 .5 4

3916 7.627

G 3 -6 .5 -2
3933

4 2 9 8 .7 0
7.627

7 .0 3
4565 6.601

4669 6454
2 4690 4 6 2 7 .6 0 6.454 6 .51

4545 6.601

4669 6.454

2572 11.730

2562 11.730
1 2551 2 5 7 2 .4 0 11.880 11.73

2594 11.580

G 3 -8 .0 - 1
2583

2 7 4 0 .2 0
11.730

11.07
2858 10.560

2910 10.410

2 2898 2 9 0 8 .0 0 10.410 10.41

2910 10.410

2964 10 270

2516 12020

2623 11.580

1 2568 2 5 5 6 .2 0 11.880 1 1 .88

2558 11 880
2516 2 7 0 0 .0 0

12030 11.29
2800 10.850

2930 10.410
2 2800 2 8 4 3 .8 0 10.850 10.70

2889 10.560

2800 10.850



124ผอการทดสอบโมภูอัสกืนดัว (Resilient Modulus) ท่ีธุณหภูม 40 องคนซอเชียส rmมถี 1 Hz
ขนาดกละใต้ Restricted zone ( Gradation # 3)

a  * -  . ค่าโมภูพัส«นพัว (Resilient Modulus) (MPa) ค ่ากบคนพ ัว (ResiBenl Srani) (Micro strain)

ค ่าจาก 5 58บช ุคท ้าฮ เจ80แฬ ่ะฑ ํสา1าง เฬ ึ่ช ท ํ๋าน ม ก ค่าจาก 5 I  อบTJคท้าฮ 1น3กิแพัระสสทาง เฉลึ๋ยฑานมค

1235 8.207

1202 8.207

1 1298 1 2 4 1 .2 0 7.914 ร .15

1252 8.207

G 3 -5 .0 -1
1219

1 3 0 8 .1 0
8.207

7 .7 8
1412 7.181

1330 7.621

2 1402 1 3 7 5 .0 0 7.328 7 .4 2

1348 7.621

1383 7.327

1840 5.721

1771 5.867

1 1664 1 7 8 1 .4 0 6.161 5 .8 4

1816 5.721

G 3 -5 .0 -2
1816

1 6 9 1 .8 0
5.721

6 .1 5
1589 6.455

1595 6.602

2 1647 1 6 0 2 .2 0 6.308 6 .4 6

1647 6.308

1533 6.602

1155 8.941

1252 8.355

1 1185 11S 8.60 8.941 8 .8 5

1166 9.087

G 3 -6 .5 -1
1185

1 1 4 0 .0 0
8.941

9 .2 3
1129 9.379

1084 9.525

2 1129 1 0 9 1 .4 0 9.379 9 .61

1081 9.672

1034 10.110

950 10.850

975 10.710

1 950 95131 10.850 10.82

962 10.850

G 3 -6 .5 -2
950

8 5 0 .0 0
10.850

1 2 3 3
748 13.790

748 13.790

2 748 7 4 2 .6 8 13.790 13.85

740 13.930

j 730 13.930

558 18.040

551 18.490

1 558 5 5 4 .6 6 18.040 18.19

562 17.900

G 3 -8 .0 -1
544

5 1 4 .9 0
18.490

19.56
474 20.980

474 20.980

2 474 4 7 5 .1 4 20.980 2 0 .9 2

474 20.980

481 20.680

587 17.610

587 18.050

1 571 5 S 0 .8 0 17.900 17.93

585 17.900

G 3 -8 .0 -2
575 5 3 3 .7 4

18.190 1 9 .59
486 21.280

486 21.280

2 486 4 8 6 .6 8 21.280 2 1 .2 5

486 21.280

489 21.120



125ผลการทดสอบโมภูอัสคืนตัว (Resilient Modulus) ท ีหฎมิ 55 องคนชลเชียส กวามอ 1 Hz
ขนาดกละใต้ Restricted zone ( Gradation น 3)

À y ~ . ท่าโม*ja สคนตัว (R esten t Modulus) (MPa) ท่าการกนตัว (Resilient Srain) (Micro strain)
ท่าจาก 5 ร8บช ุคท ้าฮ เฉ a o u n  a  ะท้ f f rm เฉao  •ทังห» A ท ่าจาก5 ร รบชุทท้าซ เฉ a  ชแท่ a  ะท ้ t r i m เฉ ao ท้าพมก

739 8.501

809 7.768

1 779 7 7 2 .8 2 8.061 8 .0 6

775 7.915

G 3 -5 .0 -1
761

6 9 5 3 6
8.061

8 .81
619 9.672

629 9.525

2 623 6 1 7 .9 0 9.379 9 .5 5

623 9.379

595 9.819

694 8.947

734 8.654

1 717 7 0 8 .8 0 8.654 8 .8 0

705 8.800

G 3 -5 .0 -2
694

6 5 1 .5 3
8.947

9 .6 2
596 10.410

596 10.410

2 596 5 9 4 .2 6 10.410 1 0 .44

588 10.560

596 10.410

646 9.527

627 9.820

1 M l 6 3 5 .4 6 9.820 9 .7 3

627 9.820

G 3 -6 .5 -1
636

5 3 1 .7 6
9.673

11.99
423 14.220

419 14.360

2 437 4 2 8 .0 6 14.070 1 4 .25

424 14.510

437 14.070

566 10.850

531 11.290

1 518 5 3 7 .7 4 11.590 1 1 3 2

518 11.590

G 3 -6 .5 -2
556

5 2 9 .4 7
11.290

11.50
517 11.880

517 11.880

2 537 5 2 1 .2 0 11.440 1 1 .67

519 11.290

517 11.880

458 13.200

479 12610

1 495 4 6 9 .5 2 12470 13.11

473 13.350

G 3 -8 .0 - 1
443

4 6 9 .5 2
13.930

13.11

2

448 13.640

458 13.640

1 448 4 5 3 3 2 13.640 1 3 .49

473 13.200

G 3 -8 .0 -2
438 4 1 4 .2 8

13.350 15.00
379 16.130

376 16.280

2 380 3 7 5 .2 4 16.430 16.51

374 16.720

367 17.010



126

ป ระว ัต ิผ ู้เข ียน ว ิท ยาน ิพ น ธ ์
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