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摘要 

19mm
5

19% SIP

30%

70%

16%
PI

02741  
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3  
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一、前言 

 
02741

 

 

 

二、文獻回顧 

[1]

 
19

[1]  

[2]  
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[3]  

1.  
2.  
3. 

2  

5
 

1. [2] 

 

2.  

 
[1]

6% 110
15

 
MS-24 Moisture Sensitivity Best Practices to Minimize Moisture 

Sensitivity in Asphalt Mixtures. First Edition ,ASPHALT INSTITUTE  [4]
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3.  
0%-5%

3CaO SiO2 2CaO SiO2 3CaO Al2O3
4CaO Al2O3 Fe2O3  

4.  
[5]

CNS 3036 [
] CNS 11271[ ]

pozzolan
 

5.  

 

02741 : [6] 

1. 1.18mm No.16  0.075mm 
No.200  

2.  
3. CNS 5088 PI 4  
4. CNS 5265 

1  

1  
 %  

1.18 mm No.16  
0.60 mm No.30  
0.30 mm No.50  
0.075 mm No.200  

100 
97~100 
95 100 
70 100 
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5. 
7%  

三、研究方法與流程 

1  
19mm

5

 

 
1  
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AC-20
 

3.2.1  
1. : 

CNS10090 [7] 25 5

02741  

2. : 

CNS14186 [8] Brookfield

02741  

3.2.2  
CNS 488  [9]

CNS5090 [10]
 

CNS5090

 
CNS11272

[11]  

AI MS-2 19mm AI MS-2 7 [12]
4% 4%

2 3  
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2  
 19.0 3/4in.  

  
 4.0 6.5 

  
25.0  1 in.  100 

19.0  3/4 in.  90 100 
12.5  1/2 in.   
9.5   3/8 in.  56 80 
4.75  No.4  35 65 
2.36  No.8  23 49 

1.18  No.16   
0.60  No.30   
0.30  No.50  5 19 
0.15  No.100   
0.075 No.200  2 8 

3  

 75 
kgf  817 

0.25  8~14 
 3~5 

% 75 
VMA  13 

VFA  65 75 
 4~6 
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SGC
6~8%

 

3.4.1  
AI-MS2

60.0±1.0 30
50.8 mm/min

2  
02741 2 2 /

P 30min
24

P 24Hr  

(%) =
P 24Hr

P 30min
× 100% 

  
1. 60 30min 2.  

2  
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3.4.2  

 
[13]

3
1

 
AASHTO T324-14  Standard Method of Test for 

Hamburg Wheel-Track Compacted Hot Mix Asphalt HMA  [13]
4 3  

4.  
  

 50  
 705 ±4.5N 

 52±2  
 8 2 4” 2 40±1.0 mm 

 20mm 10,000 cycles  
 

  
A  B  

3  
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3.4.3  

ASTM D7369-11[14]

0.33HZ 100 0.1
4  

 

  
 

  
  

  
  

4  
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3.4.4  

ASTMD4967 55-80%

5 6  
CNS15306 [16]

6%~8%
2 3 1 1

 
25 20

1
50mm/

: 

TSR = / 100 
TSR %  

kPa  
kPa  

MS-24 [5] TSR 80%
TSR 60%  
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1.  2.  

  
3. 60 24hr 4.  

  
5. 25 1hr 6.  

  
7. 25 20min 8.  

5.  
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6. [15] 
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四、試驗結果分析探討 

5 AC-20
 

5  
   

60 Poises,P  1,920 2,000±400 
25 0.1mm  70 60~70 

7 6
 

   

   

  

  

7  
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6  
    

 2.632  2.696 
 2.631  2.334 
 2.621  3.179 

 2.696 
 2.481 
 2.536 

4.2.1  
7

8  
5.0%~5.6% 9

5.4% 8  

7  

 6  3  2    
JMF 

%  
 

%   
 

 

16% 15% 44% 22% 3% 

25mm 100.0 16.0 100.0 15.0 100.0 44.0 100.0 22.0 100.0 3.0 100.0 100 

19mm 81.3 13.0 100.0 15.0 100.0 44.0 100.0 22.0 100.0 3.0 97.0 90~100 

12.5mm 13.4 2.1 86.3 12.9 99.7 43.9 100.0 22.0 100.0 3.0 83.9  

9.5mm 6.0 1.0 68.0 10.2 96.9 42.6 100.0 22.0 100.0 3.0 78.8 56~80 

4.75mm 2.8 0.4 4.9 0.7 26.5 11.7 99.3 21.8 100.0 3.0 37.6 35~65 

2.36mm 1.7 0.3 1.1 0.2 4.6 2.0 81.2 17.9 100.0 3.0 23.4 23~49 

1.18mm 1.3 0.2 0.9 0.1 2.8 1.2 62.4 13.7 100.0 3.0 18.2  

 1.1 0.2 0.9 0.1 2.1 0.9 44.9 9.9 100.0 3.0 14.1  

 1.0 0.2 0.9 0.1 1.8 0.8 27.8 6.1 100.0 3.0 10.2 5~19 

 0.8 0.1 0.8 0.1 1.5 0.7 14.1 3.1 100.0 3.0 7.0  

 0.6 0.1 0.7 0.1 1.1 0.5 7.3 1.6 100.0 3.0 5.3 2~8 
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8 FHWA 0.45  

 

 
9  

  

0 0.0750.15 0.3 0.6 2.36 4.75 9.5 12.5 19 25 0
10
20
30
40
50
60
70
80
90

100

(%
)

(mm)
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8.  

   

1.  7 7  
2.    

a.  AC-20 AC-20 
b. %  5.7   
c. %  5.4  4  10 

3. kg/m3  2368  
4. kgf  940  817 
5. 0.25mm  8.6  8  14 
6. V.M.A. %  14.2  13 
7. V.F.A %  72 65  75 
8. Va %  4.0  3  5 
9.  2.617   

10.  1.033   
11. kg/m3  2467   
12. %  86  75 
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4.2.2  
4.9%~5.5% 10

5.3% 9  

 
10  

 

9  

   

1.  7 7  
2.    

a.  AC-20 AC-20 
b. %  5.6  
c. %  5.3  4  10 

3. kg/m3  2352  
4. kgf  1025  817 
5. 0.25mm  12.5 8  14 
6. V.M.A. % 14.2  13 
7. V.F.A %  74 65  75 
8. Va %  4.0  3  5 
9.  2.605  

10.  1.033   
11. kg/m3  2450  
12. %  90 75 
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4.2.3  
5.5%~6.0% 11

5.9% 10  

 
11  

 

10  

   

1.  7 7  
2.  

a.  AC-20 AC-20 
b. %  6.3  
c. %  5.9 4  10 

3. kg/m3  2352  
4. kgf  900  817 
5. 0.25mm  8.4 8  14 
6. V.M.A. %  15.5  13 
7. V.F.A %  74 65  75 
8. Va %  4.0 3  5 
9. 2.628  

10.  1.033  
11. kg/m3  2454  
12. %  95 75
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4.2.4  
5.2%~5.7% 12

5.6% 11  

 
12.  

 

11  

   

1.  7 7  
2.   

a.  AC-20 AC-20 
b. %  5.9  
c. %  5.6  4  10 

3. kg/m3  2362  
4. kgf  920  817 
5. 0.25mm  10.2 8  14 
6. V.M.A. %  14.5  13 
7. V.F.A %  72 65  75 
8. Va %  4.0  3  5 
9. 2.610  

10.  1.033   
11. kg/m3  2459  
12. %  92 75
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4.7%~5.3% 13
5.1% 12  

 
13  

 

12  

   

1.  7 7  
2.   

a.  AC-20 AC-20 
b. %  5.4  
c. %  5.1 4  10 

3. kg/m3  2364  
4. kgf  940  817 
5. 0.25mm  10.6 8  14 
6. V.M.A. %  14.0  13 
7. V.F.A %  72 65  75 
8. Va %  4.0  3  5 
9. 2.617  

10.  1.033   
11. kg/m3  2460  
12. %  96 75

 



Vol.44 No.7 Jul. 2018 23 44 7 -343 

13 14~16
 

13  
      

kgf  940 1025 900 920 940 
0.25mm  8.6 12.5 8.4 10.2 10.6 

%  86 90 95 92 96 
 

 
14  

0

200

400

600

800

1000

1200

(k
gf

)
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15  

 
16  

 

0

2

4

6

8

10

12

14

(0
.2

5m
m

)

0
10
20
30
40
50
60
70
80
90

100

(%
)
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14 17
19~24 12.5mm 10,000

 
SIP

15 18 SIP
SIP SIP SIP

NP  
SIP SIP

SIP
SIP  

14  

      
 

12.5mm 
Passes  

13,136 14,121 14,650 11,239 11,889 18,268 

 

17  

  

0

5,000

10,000

15,000

20,000

12
.5

m
m

( )
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15 SIP  

       

SIP Passes  11,626 12,499 
N.A. SIP

 11,597 11,226 16,699 

SIP
mm  9.04 9.41 N.A 11.95 11.00 10.37 

 

 
18 SIP  

 
19 Hamburg  

0
2,000
4,000
6,000
8,000

10,000
12,000
14,000
16,000
18,000

SI
P

( )
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20 Hamburg  

 
21 Hamburg  

 
22 Hamburg  
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23 Hamburg  

 
24 Hamburg  
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16 25
6,000  kg/ 2 8,286  kg/ 2

7,246 kg/ 2 3 6000~7000 kg/ 2  

16  

      

 kg/ 2  6,619 8,286 7,246 6,020 6,915 

 

 
25  

ASTM D4867
17 26

7% 50  

17  
 15 40 75 

%  8.5 7.8 4.0 

0

2,000

4,000

6,000

8,000

10,000

(k
g/

cm
2)



44 7 -350 30 Vol.44 No.7 Jul. 2018 

 
26 4  

18
27 600kPa

500~600kPa  
19

TSR 28 MI-24 TSR
80% TSR 60%

TSR 70% 90%
83% 3 75%  

18  

      

 
kPa  

620 565 550 571 671 

 

  

0
1
2
3
4
5
6
7
8
9

0 10 20 30 40 50 60 70 80

%
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27.  

19.  
      

 
kPa  

620 565 550 571 671 

kPa  
464 507 455 415 497 

TSR 
/ %  

75 90 83 73 74 

 

 
28 TSR 

0

200

400

600

800

(k
Pa

)

0
10
20
30
40
50
60
70
80
90

100

T
SR

(%
)
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五、結論與建議 

1. 
5.1%~5.9%  

2. 12.5mm

19% SIP

 
3. 

30%

 
4. 

 
5. 

 
6. 600 kPa

500~600 kPa

 
7. 60~80%

80%
16%
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1. 
 

2. PI 02741
PI 4

 

文獻 
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18 LiDAR  

3D  

摘要 

18

3D
 

3D  

一、前言 

18 88
18

 

 
  
   
 /  
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3D GIS

720 3D

 

二、計畫範圍 

18 42K+000~46K+000
69K+000~89K+000 24 1

34K+000 89K+000 55
720 103 11 20 105

3 29  

 

1  
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三、 多元光達技術及 3D公路管理系統整合 

3D

2  

 

2  
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DEM
DSM 1/1000

 

3.1. 1  
1.  

400,000 ALTM 
Pegasus DiMAC Ultralight+
1 3

B-23062 3  

1  

    

 
 

ALTM 
Pegasus 

 300~2500m 
 1/5,500*  
 < 5~15 cm 

 4  
 12  

 0~140Hz 
 100~400 kHz 

 0~75° 
 ± 32.5°  

 
 

DiMAC 
Ultralight+ 

 70.4268mm 
 8984×6732 pixels 
 6um 
 16bit 
 1/125~1/250  

 B-23062 

 3513.5  
 4  

 110~178  
 25000  
 700~1000  
 6  
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a  b  c  

3  

2.  
94 LiDAR 

1 2 DEM 
1 DEM 1 /

40% Cross 
Line  
2 4  

2  

 

 
 

 

m  

 

m  

 

m  

 

m  

 

KTS  

 

deg.  

 

KHz

 

Hz  

 

 

m  

 

 

%  

 

 

pt/////  

1~2 2 920 500 1500 2100 110 ±20 150 40 1398.9 40 3.1 

3~9 7 2300 1300 2500 3500 110 ±25 100 32 2331.5 40 3.0 

 

 1 2300 1300 2500 3500 110 ±25 100 32 2331.5 40 3.0 

Cross 
line 4 2300 500 2500 3000 110 ±25 150 40 2331.5  3.1 

95.32km           
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4  

GPS GPS
20

0011 0013
5 PDOP<4

 

  

a 0011  b 0013  

5  
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104 03 15
4  

3.  
LiDAR POS

LiDAR  6  

 

6  

LiDAR POS Sbet
Optech LMS DASHMap Optech 2018

7  
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7  

8  

 

8  
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3.1. 2 DEM DSM  

9 10  

 
9  

 

 

 

 

10  
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2003

1×1 DEM/DSM Terra Scan
Terra Modeler

SCOP++ 11 DSM DEM  

  

a DSM  b DEM shading  

11 DSM a DEM b  

3.1. 3  

60 1

12
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69K~89K Pass Point Tie Point  

 
42K~46K Pass Point Tie Point  

12  
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3.1. 4  

13  

 

13  

3.1. 5 1/1000  
960 50

14
 

 

14  
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11

 

1.  

TWD97
 

1/10000

15
 

    

15  

RIEGL VZ-1000  3

16  
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16  

18 87K+000 102 03 21 102 06 19 102
09 17

Z+F 5010 IMAGER
 3  

3  

 

 
 

RIGEL VZ-1000 

 

1400 m 

5 mm 

100°x360° 

122,000 pts/sec 

0.0005° 

 

 

 

Nikon D600 2430  

GPS 1 PPS

 

 

 
 

Z+F Imager 5010 

0.1~1 mm 

1,000,000 pts/sec 

0.0002° 

0.0004° 

 

 

M-Cam 500  
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2.  
3D

 

RIGEL RISCAN PRO
MSA Multi-Station Adjustment  

 
17  
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 18  19  

 

20 77K+300  
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21 44K+000  

11 720
22 59K+100 720  

 

22 59K+100 720  

3.  
4

3D Microsoft 
WMV 1920*1080

23 71K+200  
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23 71K+200  

34K+000~89K+000 55
720

 

1.  
Optech Lynx M1 2 2 GNSS

GPS+GLONASS 4 500 720 Ladybug5
4  

4  

 /    

Lynx M1

 
Lynx M1 

 

2  
360º 

 
                 500KHz  

200 20%  
80Hz-200Hz  

Class 1 
8mm 1 sigma  
±5 cm 1 sigma  
 

  1.  
  2. 2 GPS   
  3.  
  4. iFLEX  
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20km/hr

24
1 2

25  

  

24  25  

2.  
 

 
26  
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27  

3.  
720

JPG 3D x y z 10 1
28 720
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28 720  

3.4.1 Skyline  

SKYLINE SkylineGlobe 3D
GIS

Skyline

3D  

3D 29
3D  
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29 3D  

1.  
( )

3D (
)

 

2.  
11

8
 

3.  

30  
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30  

4. 3D  

GIS

LOD1

31  

 
31 3D  
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5.  

32  

 
32  

3.4. 2  
1.  

3D  
3D 33

Skyline
 

3D
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33 3D  

2.  

 5
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5  

   
    

 1M x 1M / 20cm DEM/  
1. *.DEM 
2. *.TIF+TFW 

  *.XYZ 
  *.HTML+SHP 
  *.SHP+PDF 
 1/1000  *.SHP 

     
  *.SHP 
  *.SHP 
  *.SHP 
  *.SHP 
  *.DAE 

     
   
   
   

3D TWD97
 

3D
DiMACUltraligh P65+

15 GSD 1 DEM 3D
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34  

35
11

36 37

 

 

 
35  
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36  

 

 
37  
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38  

1/1000 73  

 
39  
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18

 

 
40  

 

 
41  
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GIS
1/1000

 

 
42  

18

 

 
43  
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7%
50 44

 

 
44  

3.4. 3  
SkyLine ShapeFile

Google KML KMZ

SafeTaiwan Google Earth Skyline
Kml Kmz Google Earth
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四、結論與建議 

1. 
3D 42K~46K 69K~89K

 
2. 1 DEM

 
3. 

 
4. 

DEM
DEM

4D
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