
表1 應力修正預估模式
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X= x1,x2,x3

1 1

1

2

2 3

2

2 3 4 

2 3 4

Φ Φ

Φ

Φ

2

2

1

=
≤ −




=
≤

>





=

=

if

if
A

s a
l l

, ,
s a×



l2

0.05
a

0.4

0
s

4.0

≤ ≤

≤ ≤

l

l

單輪
雙軸

[ ]

R

A

t a t a t
a

1

2

1

=

=
≤

>





=
≤

>





=

= ×





0.58306+ 0.19316 + 0.06236 

0.159 + 1.604(A1) +0.820(A1) +0.135(A1)   if  (A1) -1

1.319 +4.509(A1)  +1.760(A1) -0.914(A1)   if  (A1) -1

2.151+ 11.020(A2) -2.894(A2)    if   (A2) -0.2   
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2.480 + 6.329(A1)+  3.363(A1)       

=
-1.754 +11.049(A2)+8.611(A2)      

-2.398 + 20.152(A2)-15.813(A2)      
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A2= 0.05007x1+ 0.87037x2 -0.48983x3+  0.00362x4

X= x1,x2,x3,x4 = t a t a t
a

1 2

1

2

2

2

2 

2 

2

Φ Φ

Φ

Φ
.

.

, , ,
l l l



  

0 05 0 4

3

. .≤ ≤

≤ ≤

a

t
l

l
 0

版長
效應

R

A

A a L

2 1

1
3 3043

0 9399 0 07986

4 0308
1

0 2029 0 0345 1

1 0 9436 0 3310

= +

= − +
+

= − +

−

. .

.
. .

. .

.

Φ

Φ

l l

2 7

0 05 0 3

≤ ≤

≤ ≤

L

a
l

l
. .

版寬
效應 ( )

R
A

A a W

2 1

1
10 7412

100477 0 01214
05344 1654 1 1

1 09951 0 09856

= +
= − + −

= −

−

. .
. .

. .

.

Φ
Φ

l l

2 7

0 05 0 3

≤ ≤

≤ ≤

W

a
l

l
. .

路肩
效應
[6]

[ ]

R x

x x

X x x a AGG
k

3

3

2

0 0042 2 0 000629 2

1 2

=

+ − >










= = 





 0.99864 - 0.51237(x1) - 0.0672 n(x2) + 0.00315 n ( x2)
+0.015936(x1) * n   
1.04284 - 0.84692(x1) - 0.0009299 n(x2) + 0.06837(x1) n(x2)
+0.63417(x1) n (x1) * n   if  x1 5

2

2 2

2 2

l l
l

l l
l l

l l

( )

. ( ) . ( )

, ,

0.05
a

0.3

5
AGG

k

≤ ≤

≤

l

l



表1 應力修正預估模式(續)
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0.61711 +0.15373 +0.02504 

 0.693+ 1.279(A1)+0.369(A1) +0.037(A1)    if   (A1) -2.5

 2.839+8.234(A1)+8.158(A1) +3.608(A1) + 0.576(A1)    if   (A1) -2.5

-2.285+5.921(A2)-6.001(A2) +7.743(A2)    if   (A2) 0.5

-3.008+4.693(A2)+4.334(A2) -2.167(A2)    if   (A2) 0.5
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A2=0.19802x1+0.98019x2+0.00305x3

X= x1,x2,x3

1 2

1

2 3

2 3 4

2

2 3

2 3

Φ Φ

Φ

Φ

l l
, ,

0 1 0 4

0 20

. .≤ ≤

≤ ≤

a

D
l

l

未黏
結雙
層版

R

A

5

2

1

=

=
≤
>





=
≤
>





=

0.72692 +  0.14272 + 0.00933
 3.31765 +  2.4036(A1)     if    A1 -1.4 
 5.72684 +  4.10244(A1)  if   A1 -1.4 
14.535 - 20.351(A2) +   5.986(A2)    if  A2 1.2   
 1.619  - 8.367(A2) +   4.877(A2)     if  A2 1.2

 0.11914x1 - 0.99288x2
A2 =  0.65518x1 +  0.75547x2

1 2

1

2

2

Φ Φ

Φ

Φ

[ ]h h
E h
E h

h
h
hefft

efft= + =




















1
2 2 2

1 1

2
2

2

1
  ,   X = x1, x2

a
l

,

0 05 0 4

1 2
1

2

. .

( )

≤ ≤

≤ ≤

a

h
h
efft

l

黏結
雙層
版

α β α=
+

+
= + −

( / ) ( )
( / )

( / )( )
1 2

1 21 1 2

1 2 1 2

1 2

h h h
h h E E

h h  ,   

h h h h h hf f1 1
3

1
23

2 2
3

2
2312 12= + = +β β ,  

[ ]hefft h
h
h

h
h
hf

f

f
f

efft

f

= +








 =























1
2 2

1
2

2

1

2

 ,  X= x1,x2
a
l

,

利用未黏結雙層版之預估公式，求得 R5

(與上同)
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 R = 0.94825 +  0.15054 A1 +  0.03724 A2 + 0.03395 A3

A1 =
-2.5575 + 0.8003 (A1)    - 0.8003(A1)   if  A1 3
-2.6338 + 1.1038(A1)    - 0.0914(A1)   if 3 < A1 7
0.7564 - 0.0155(A1)     if   A1 7

ATX2
-0.6788 + 0.0.8003(A2)    - 0.8003(A2)   if  A2 3
3.7674 - 2.297(A2)   + 0.2963(A2)   if 3 < A2 7
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表2 載重單獨作用下之疲勞分析實例(PCAPAV and TKUPAV)
 (A)單軸 (kips) PCAPAV (f2=0.973, f3=0.894, f4=0.953) TKUPAV (R1=0.398, R2=0.992, f3=0.894, f4=0.953) σeq Ratio

Load Load*1.2 預估次數ni 6*Me/h2 f1 σeq , psi (A) 應力比 允許次數Ni ni/Ni , (%) σw, psi σeq , psi (B) 應力比 允許次數Ni ni/Ni , (%) (B/A)

30 36.0 6310 243.4 1.952 393.6 0.606 26536 23.8 1186.5 398.6 0.613 21414 29.5 1.01

28 33.6 14690 243.4 1.829 368.9 0.568 76395 19.2 1107.4 372.0 0.572 66751 22.0 1.01

26 31.2 30140 243.4 1.706 344.1 0.529 234343 12.9 1028.3 345.5 0.531 218058 13.8 1.00

24 28.8 64410 243.4 1.583 319.1 0.491 1218769 5.3 949.2 318.9 0.491 1243647 5.2 1.00

22 26.4 106900 243.4 1.458 294.1 0.452 41207557 0.3 870.1 292.3 0.450 Unlimited 0.0 0.99

20 24.0 235800 243.4 1.333 268.9 0.414 Unlimited 0.0 791.0 265.7 0.409 Unlimited 0.0 0.99

18 21.6 307200 243.4 1.208 243.5 0.375 Unlimited 0.0 711.9 239.2 0.368 Unlimited 0.0 0.98

16 19.2 422500 243.4 1.081 218.0 0.335 Unlimited 0.0 632.8 212.6 0.327 Unlimited 0.0 0.98

14 16.8 586900 243.4 0.954 192.3 0.296 Unlimited 0.0 553.7 186.0 0.286 Unlimited 0.0 0.97

12 14.4 1837000 243.4 0.825 166.3 0.256 Unlimited 0.0 474.6 159.4 0.245 Unlimited 0.0 0.96

Subtotal= 61.4% Subtotal= 70.5%

(B)雙軸 (kips) PCAPAV (f2=0.973, f3=0.894, f4=0.953) TKUPAV (R1=0.180, R2=0.992, f3=0.894, f4=0.953)

52 62.4 21320 226.0 1.706 319.5 0.492 1177998 0.018 2056.6 312.2 0.480 2342697 0.9 0.98

48 57.6 42870 226.0 1.583 296.4 0.456 24134471 0.002 1898.4 288.2 0.443 Unlimited 0.0 0.97

44 52.8 124900 226.0 1.458 273.1 0.42 Unlimited 0.000 1740.2 264.2 0.406 Unlimited 0.0 0.97

40 48.0 372900 226.0 1.333 249.7 0.384 Unlimited 0.000 1582.0 240.2 0.370 Unlimited 0.0 0.96

36 43.2 885800 226.0 1.208 226.1 0.348 Unlimited 0.000 1423.8 216.2 0.333 Unlimited 0.0 0.96

32 38.4 930200 226.0 1.081 202.4 0.311 Unlimited 0.000 1265.6 192.1 0.296 Unlimited 0.0 0.95

28 33.6 1656000 226.0 0.954 178.6 0.275 Unlimited 0.000 1107.4 168.1 0.259 Unlimited 0.0 0.94

24 28.8 984900 226.0 0.825 154.5 0.238 Unlimited 0.000 949.2 144.1 0.222 Unlimited 0.0 0.93

20 24.0 1227000 226.0 0.695 130.1 0.2 Unlimited 0.000 791.0 120.1 0.185 Unlimited 0.0 0.92

16 19.2 1356000 226.0 0.563 105.5 0.162 Unlimited 0.000 632.8 96.1 0.148 Unlimited 0.0 0.91
Subtotal= 2.0% Subtotal= 0.9%

累積疲勞損害百分比Σ ni/Ni =  63.4% 累積疲勞損害百分比Σ ni/Ni = 71.4%



表3 TKUPAV 疲勞分析實例(考慮翹曲應力σc=88.5 psi)
 (A)單軸 (kips) 90% 純載重 10% （載重加上翹曲） 總計

Load Load*1.2 ni σeq , psi (A) ni*90% Ni 損害 (%) RT σeq , psi 應力比 ni*10% Ni 損害 (%) 損害 (%)

30 36.0 6310 398.6 5679 21414 26.5 0.850 462.7 0.712 631 1382 45.7 72.2

28 33.6 14690 372.0 13221 66751 19.8 0.847 435.9 0.671 1469 4345 33.8 53.6

26 31.2 30140 345.5 27126 218058 12.4 0.845 409.1 0.629 3014 13654 22.1 34.5

24 28.8 64410 318.9 57969 1243647 4.7 0.842 382.4 0.588 6441 42899 15.0 19.7

22 26.4 106900 292.3 96210 Unlimited 0.0 0.840 355.6 0.547 10690 135064 7.9 7.9

20 24.0 235800 265.7 212220 Unlimited 0.0 0.838 328.9 0.506 23580 577713 4.1 4.1

18 21.6 307200 239.2 276480 Unlimited 0.0 0.836 302.1 0.465 30720 8444924 0.4 0.4

16 19.2 422500 212.6 380250 Unlimited 0.0 0.833 275.4 0.424 42250 Unlimited 0.0 0.0

14 16.8 586900 186.0 528210 Unlimited 0.0 0.831 248.7 0.383 58690 Unlimited 0.0 0.0

12 14.4 1837000 159.4 1653300 Unlimited 0.0 0.830 222.0 0.341 183700 Unlimited 0.0 0.0

Subtotal= 63.4% Subtotal= 128.9% 192.3%
(B)雙軸 (kips)

52 62.4 21320 312.2 19188 2342697 0.8 0.853 376.5 0.579 2132 55171 3.9 4.7

48 57.6 42870 288.2 38583 Unlimited 0.0 0.869 353.7 0.544 4287 147221 2.9 2.9

44 52.8 124900 264.2 112410 Unlimited 0.0 0.874 330.1 0.508 12490 533733 2.3 2.3

40 48.0 372900 240.2 335610 Unlimited 0.0 0.868 305.6 0.470 37290 5139145 0.7 0.7

36 43.2 885800 216.2 797220 Unlimited 0.0 0.858 280.9 0.432 88580 Unlimited 0.0 0.0

32 38.4 930200 192.1 837180 Unlimited 0.0 0.853 256.4 0.394 93020 Unlimited 0.0 0.0

28 33.6 1656000 168.1 1490400 Unlimited 0.0 0.847 232.0 0.357 165600 Unlimited 0.0 0.0

24 28.8 984900 144.1 886410 Unlimited 0.0 0.842 207.6 0.319 98490 Unlimited 0.0 0.0

20 24.0 1227000 120.1 1104300 Unlimited 0.0 0.838 183.2 0.282 122700 Unlimited 0.0 0.0

16 19.2 1356000 96.1 1220400 Unlimited 0.0 0.833 158.9 0.244 135600 Unlimited 0.0 0.0

Subtotal= 0.8% Subtotal= 9.8% 10.7%

累積疲勞損害百分比Σ ni/Ni =      64.2% 累積疲勞損害百分比Σ ni/Ni = 138.84% 203.0%
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