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一、前言 
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二、文獻回顧 
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3 [4] 

Physical properties,  
Aggregate  

Gravel RAP 
Specific gravity  2.70  2.28 

Water absorption, %  3.2 2.9 
Aggregate crushing value, %  20.1 - 

Aggregate impact value, %  8.2 4.3 
Grading % by weight passing sieve stated  

25.4 mm 100 100 
20.0 mm 98 98 
12.5 mm 88 85 
9.6 mm 57 58 

4.75 mm 1 0 
2.36 mm 0 0 

0.4-0.7

RAP 4-5 [6]  

4 RAP 10 20 40

1 2

RAP 3 RAP 4 RAP

0.5 2 RAP 10 30 50 100 3

RAP 10 30 50 100 4 RAP 50

RAP 30 2 17  

 

4 Laboratory mix proportions [5] 

Cement: 
Kg/m3

Silica fume: 
Kg/m3

Water: 
Kg/m3

Limestone:
Kg/m3

Coarse
RAP:Kg/m3

RAP

Sand:Kg/m3 Fine 
RAP:Kg/m3

RAP
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4 [4] 

 

RAP

5 28 41.3MPa 100 RAP

10.5 MPa 75 6 100 RAP 19.1 

MPa 50 RAP
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RAP 7 21
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RAP CLSM
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0-30% 2 RAP 30-50%
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三、研究方法與試驗程序 
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(3)RAP  

RAP RAP
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(4)RAP  
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1.  
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4.

 

5.

 

6.  

 
3.2.5  

CNS 1232 [ ]

10  

1.

 

2. 0.15~0.35 kgf/cm2*s

 

3.   

 A
F)2P(kgf/cm

  
098.0

A
F)P(MPa

 
P kgf/cm2 MPa 0.1MPa  

F kgf  

A cm2  

 

 10  

3.2.6  

CNS 3801[ ]

11
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1. 28  

2. 7.0~14.0 

kgf/cm2*min  

3.  

 Ld
2PT

 
  T= kgf /cm2 

 P= kgf  

 L= cm 

 d= cm 

 
11  

 

四、試驗數據分析與討論 

3.2.1 5

2 RAP

H RAP 2

RAP 1  
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 5  

 

RAP

B. Huang RAP

100% 75

100% 50

0.5 0.6 0.7 0

10 30 50 80 6  

 

 
 

H  

 

N  6  3 RAP 

 1.8 1.4 1.5 1.4 [15] % [5] % 

kg/m3  2.6 2.62 2.43 2.58 [1.5] [2.2] 

25°C,100g,5 ,

 
- - 12 -   

poises  - - 213,000 -   

   

25mm 100 100 100    

19 79 100 100    

12.5 17 72 90    

9.5 10 39 38    

4.75 3 4 9 100   

2.36 2 1 7 87   

1.18 0 0 0 57   

0.06    37   

0.3    23   

0.15    10   

0.075    5   
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 6  

 

12 5 RAP

CNS 1240 

RAP 30% CNS 1240  

12  

 
 

RAP
% w/c  kg/m3 kg/m3 kg/m3  

kg/m3  %  
RAP

RAP-0
 

1 0 0.5 200 400 1054 0 648 1.5 
2 0 0.6 200 335 1054 0 701 1.5 
3 0 0.7 200 285 1054 0 742 1.5 

RAP-
10 

4 10 0.5 200 400 949 105 648 1.5 
5 10 0.6 200 335 949 105 701 1.5 
6 10 0.7 200 285 949 105 742 1.5 

RAP-
30 

7 30 0.5 200 400 738 316 648 1.5 
8 30 0.6 200 335 738 316 701 1.5 
9 30 0.7 200 285 738 316 742 1.5 

RAP-
50 

10 50 0.5 200 400 527 527 648 1.5 
11 50 0.6 200 335 527 527 701 1.5 
12 50 0.7 200 285 527 527 742 1.5 

RAP-
80 

13 80 0.5 200 400 211 843 648 1.5 
14 80 0.6 200 335 211 843 701 1.5 
15 80 0.7 200 285 211 843 742 1.5 
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15*30cm 13
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 7  

 
28 fc  

 
kg/m3  

 
cm  

 
mm  

140kgf/cm2  215 235 10.0 20.0 4.75 50 

175kgf/cm2  250 275 5.0 15.0 4.75 50 

210kgf/cm2  300 325 5.0 12.5 4.75 37.5 

245kgf/cm2  325 350 5.0 12.5 4.75 37.5 

210kgf/cm2  360 400 15.0 22.0 4.75 25 

280kgf/cm2  360 400 5.0 12.5 4.75 25 

350kgf/cm2  450 475 5.0 12.5 4.75 25 

420kgf/cm2  475 500 5.0 12.5 4.75 25 

R 45kgf/cm2  350 375 0 7.5 4.75 50 

 

 8 RAP  

 RAP %  cm %  

0.7 

0 17 1.5 

10 15.5 1.4 

30 13.5 1.5 

50 12.5 1.5 

80 11 1.6 

0.6 

0 15 1.3 

10 13 1.1 

30 14 1.3 

50 11 1.3 

80 8 1.5 

0.5 

0 9 1.5 

10 8 1.5 

30 7 1.5 

50 5 1.5 

80 4 1.8 
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16 RAP  

 

7 28 90

9  

 
 9  

 
RAP  

%
7  

kgf/cm2  
28  

kgf/cm2  
90  

kgf/cm2  

0.7 

0 191 238 336 

10 181 251 283 

30 183 243 250 

50 150 199 193 

80 146 172 184 

0.6 

0 279 367 375 

10 256 325 334 

30 241 290 307 

50 220 280 302 

80 172 212 222 

0.5 

0 371 453 504 

10 348 412 434 

30 319 363 412 

50 285 330 340 

80 231 269 304 
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4.6.1 7  

17 RAP 7

RAP  

 
17 RAP 7  

 

RAP 18

RAP RAP

RAP 10 5 8 RAP 30

4 14 RAP 50 21 23

RAP 80 24 38  

18 RAP 7  

4.6.2 28  

28  
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19 RAP 28

RAP  

 19 RAP 28  

 

RAP 20

RAP 10 0 11 RAP 30

0 21 RAP 50 16

27 RAP 80 28 42  

0.7 RAP 10 30

5 RAP

30 28  

 

 20 RAP 28  
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4.6.3 90  

90

21 RAP 90

RAP  

RAP 22

RAP 10 11 16 RAP 30

18 26 RAP 50 19

43 RAP 80 40 45

RAP

 

 

 21 RAP 90  

22 RAP 90  
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4.6.4 RAP  

RAP

23 0.7 90

0.5 0.6 7 -28 -90

RAP  

 

 
23 RAP

 

10%-15%  

24 RAP

RAP RAP 10

0 4 RAP 30 11 17 RAP

50 19 26 RAP 80 25

36
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24 RAP  
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26  

 

 
 25  
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27 / RAP

RAP 10

RAP

RAP  

 
 10 RAP  

 
/ 103kgf/mm  

RAP-0 RAP-10 RAP-30 RAP-50 RAP-80 

0.7 626.2 541.2 477.2 536.8 413.4 

0.6 715.7 583.3 566.8 528.6 443.4 

0.5 703.1 651.8 628.7 561.5 545.8 

 

27 RAP 0.5  

 
五、研究結論與建議 

1.RAP  

RAP

30 CNS 1240 RAP

30  
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2.RAP  

RAP RAP

28

/cm2:5~12.5cm

0.7 RAP

RAP

 

3.RAP  

RAP

30 20

80 40  

4.RAP  

RAP

RAP  

 

1.RAP

RAP

RAP  

2.RAP 30
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二、順向坡模型 
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三、理論模式 

 

 

bi-material interface plane strain

Dundurs’ elastic mismatch 

parameters [21]  

1 2 2 1

1 2 2 1

(1 ) (1 )
(1 ) (1 )

  1  

1 2 2 1

1 2 2 1

(1 2 ) (1 2 )1
2 (1 ) (1 )

  2  

 
shear modulus Poisson’s 

ratio 1 2 1 1 1 4 1
1 2 1 1 2

1  bulk modulus measure of the 

mismatch oscillatory index  

1 1ln
2 1

  3  

0

 

2 [22]  

1/2 I II(2 ) Re ( , ) Im ( , )i i
mn mn mnr Kr Kr

 
 4

 

1i 1 2K K iK complex interface 
stress intensity factor 1 2 I II
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1
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  7  

2
2 cos( ) ( 2 )cos( ln ) ( 2 )sin( ln )

8 x y y x
EK r r

r
  8  

7 8

Limit Displacement Extrapolation 

Technique, LDET [24]

 

 

I

I I

I II

 

1,  
tan

 1,  
tan

n

n
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2 0
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0 1 the order of stress singularity
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[27]  

tanf e n eC   21  

eC e k
 

(1 )e j iC kC k C   22  

1tan tan (1 ) tane j ik k   23
 

jC iC j i

 

 
3  

19 f II

2K 2CK 21 22 23 19

2Ceff.K  

2Ceff. 2 cos sineK wC A B C                                     24  



 

Vol.42 No.10 Oct. 2016 臺灣公路工程第 42 卷第 10 期-389  37 

24 k

 

 

1

 

 
( ) cos tan

(LM.)
sin

f e p e

p

L a C W
FS

W  
  25

 
 

W
 

 

2Ceff.

2 2

2 cos sin
(FX.)

( )
ewC A B CKFS

K K a
  26  

 

2 ( )K a II

  

1 25 26

global

local

 

 



 

臺灣公路工程第 42 卷第 10 期-390    Vol.42 No.10 Oct.2016 38 

1  

 

 
   

 

 

 

 

0C  

 

 

1.

 

2.

 

3.

 

1.

 

2.

intact 

rock

 

3.

 

1.

 

2.

 

 

 

 

IICK  

E  

 

 

1.

 

2.

 

3.

1.

 

2.

 

3.

 

1.

 

2.

 

 

四、結果與討論 
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2 4 6 8 9  

   

11.54 GPa 0.30 32500kg m  30 mH
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a b  
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5 b 30
 

0 5 a 30
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