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ABSTRACT 
For last two years, the steel price is on the increase tremendously in the world.  

The high price of steel products induces people to steal the cast iron ditch covers 
from the street, and the stolen ditch covers endangering the pedestrians and the 
vehicles give rise to public safety problem in Taiwan now.  A feasibility 
structural analysis and cost evaluation by using non- ferrous materials instead of 
cast iron ditch covers is proposed and investigated.  New substitutes of cast iron 
ditch covers satisfy several conditions: lower cost, weathering resistant, corrosion 
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resistant, maintenance free, and lower resold price.  The results show that the 
weep hole on the ditch cover with a four-hole type is the optimal arrangement by 
considering the effect of the deflections and the bending stresses.  For the ditch 
cover at the thickness of 30 mm, the allowable strength of the replacement materials 
with at least 40 kgf/cm2 in compression and 85 kgf/cm2 in tension are designed and 
recommended to resist the failure of ditch covers in practice.  By comparing with 
the cost and mechanical properties of replacement materials, four kinds of materials 
including BMC, sand/resin mortar, fiber covered resin concrete, and bakelite-mortar 
sandwich structure are recommended as the substitutes of cast iron ditch covers.  To 
prevent the interface fracture in ditch covers, the steel reinforced BMC ditch cover is 
more suitable for long-term uses.  The unit prices of BMC ditch covers for 30 × 360 
× 600 mm and 30 × 460 × 600 mm are 980 NTD and 1050 NTD, respectively, lower 
than cast iron ditch covers. 

一、前 言 

 

二、研究目的 

1  

三、溝蓋尺寸及型式 [1,2] 

3 × 36 × 60 cm 3 × 46 × 60 cm
2 3 × 37 × 61 cm 3 × 47 

× 61 cm 3 cm
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3 × 36 × 60 cm               3 × 46 × 60 cm 

2   [2] 

3 × 36 
× 60 cm  ( ) 

3 × 46 × 60 cm  
( ) 

7.5 15 10
15 15

2.5
40% 3.5

10 × 20 cm 4
20 kgf/cm2

6.5 kgf 8.5 
kgf 25% 

8 kgf 11 kgf
( 38 kgf 49 kgf ) 

四、人孔蓋結構強度分析 [1] 
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4.  [4-8] 
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(2)  E = 2.04 × 106 kgf/cm2  ν = 
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(3 cm × 36 cm × 60 cm) 

 

 

 
 (3 cm × 46 cm × 60 cm) 

3   ( ) 

1 
 [4-8] 

  
E = 2.5 × 105 kgf/cm2

 ν = 0.2  
E = 7.44 × 105 kgf/cm2

 ν = 0.2  
3 × 36 × 60 cm 3 × 46 × 60 2

6 × 18 cm 37.04 kgf/cm2  
 
6 7 14 15)  ( 9 10 11 12) 

0.34 ∼ 1.00 mm 40 kgf/cm2

 ( 2
3 6 7 15 16 19 20) 0.34 
~ 1.00 mm 77 kgf/cm2 ~ 84 kgf/cm2

11 0.36 ~ 
1.07 mm

 ( 9 10 11 12) 0.19 ~ 0.57 
mm 40 kgf/cm2

 ( 6 7 14 15) 
0.19 ~ 0.55 mm 32 kgf/cm2

 ( 2 3 6 7 15
16 19 20) 27 kgf/cm2 ~ 35 kgf/cm2 

11 0.19 ~ 0.62 
mm 18 kgf/cm2

   
溝蓋頂部點位標號            溝蓋底部點位標號               小溝蓋頂部軸向壓應力 

   
大溝蓋頂部軸向壓應力                   小溝蓋頂部剪應力                   大溝蓋頂部剪應力 

    
小溝蓋底部軸向拉應力       大溝蓋底部軸向拉應力         小溝蓋底部剪應力            大溝蓋底部剪應力 

4   (3 cm × 36 cm × 60 cm 3 cm × 46 cm × 60 cm) 
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4 6 × 18 
cm2

40 kgf/cm2

85 kgf/cm2  (1) 
85 kgf/cm2 (2) 100°C

(3) 1.0  (4) 
(5) (6)  

五、人孔蓋替代材料分析與評估 [1] 

 

5.1  評估方法 

 

1.  

 

2.  

 

3.  

SAP 2000

 

4.  

 

5.  

4 10 × 20 cm

5

 

6.  

 

7.  

 

5.2  評估步驟 

(1)  

 

小溝蓋上視圖（3 × 36 × 60 cm） 

 
大溝蓋上視圖（3 × 46 × 60 cm） 

 

前視圖 

5   
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(2) (3) 
(4) (5) 

(6) (7) 
(8)  

5.3  溝蓋替代材料 [4,8] 

9

 (BMC)
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6. 7. 

2  

1.  
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2.  

7
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(SD42 ) # 4

7
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kg/cm2 7

92 
~ 155  kg/cm2  

A  ( ) B
 ( ) 3 1

674 ~ 718 
kg/cm2

254 ~ 316 kg/cm2  

385 kg/cm²

910 
kg/cm2  

0.4 mm ~ 
120  mm

1200 ~ 
2000 kg/cm2

(
) 

 (FRP )
 (200°C 24 

hr) 

0.01%  

30% 15% 

55% 

> 
1.8  <  
0.2%
200°C  
< 0.05%  

5

5 mm

200

3 mm
~ 19 mm

 

4660 
kg/cm2  

* 85 kgf/cm2 40 kgf/cm2 
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3.  

4

 

(1)  

4  

(2)  

 

(3)  

10 × 20 cm
4

3 6
10 × 20 cm 4

8 kgf 11 kgf  

3   

 
    

 
 

(kg) (mm) 
(tons )

 

 16.4 6.38 2.5 

 20.7 6.87 2.3 1  
 

(CW)1 21.5 11.02 3.3 

2.3 ∼ 3.3  

 14.5 5.74 > 4.02  
 

 
 

 17.2 9.57 > 4.0
14 ∼ 17 kgf 5 ∼ 10 mm  

3  ( )  8.8 9.30 > 4.0
8 ∼ 12 kgf 9 ∼ 10 mm  

 

4 
 

( ) 
 8.4 5.50 > 4.0

8 ∼ 12 kgf 5 mm  
 

5 
 

( ) 

 
 

 11.1 2.55 > 4.0
11 ∼ 15 kgf  (5.0 mm) 2.5 mm

 
2 15.5 13.50 5.3 6 

 
 
  19.6 3.58 > 4.0

3 × 46 × 60 cm 10 19.6 kgf
3.6 mm  (5.0 mm)  

7 

 
 

 
( ) 

 
 

3 15.8 4.94 3.9 
15 kgf 5 mm 4

 

8 
 

+  
 15.0 11.94 3.2 3.2  

 15.0 7.78 > 4.09 
 

+   20.1 6.46 > 4.0
15 ∼ 20 kgf 6 ∼ 8 mm

 

10 
 

+  
( 4)     

 13.6 6.18 > 4.011 

 

 
+   17.5 6.00 3.4 

13.5 ∼ 17.5 kgf 6 ∼ 7 mm
 

 16.6 3.69 > 4.0
12 

 
 

+   19.9 5.07 > 4.0

17 kgf ∼ 20 kgf 4 ∼ 5 mm
 

 15.1 5.52 > 4.013 
  

+   19.9 5.05 > 4.0
15 ∼ 20 kgf 5 ∼ 6 mm

 
 16.4 13.96 2.6 

14 
 

 
+   20.3 10.56 2.6 

16.5 ∼ 20.5 kgf 10 ∼ 14 mm 2.6  
 

 14.6 13.82 > 4.0
15 

  
+  

 
 

 18.0 16.78 > 4.0

14 ∼ 18 kgf 14 ∼17 mm
 

 
5 14.7 11.74 3.5 

 
(6 ) 14.7 5.43 2.7 

 
(8 ) 18.6 16.52 2.5 

 13.7 15.51 3.2 

16 

 

 
+  

 17.2 12.86 2.8 

2.5  ∼ 3.5  

 10.4 11.2 > 4.0

 10.3 6.5 > 4.0

 13.0 12.3 > 4.0
17  

 
( ) 

 
 

 12.9 13.1 > 4.0

10 kgf 8.85 mm 13 kgf
12.7 mm 4

 

: 1. CW 2. 4 × 40 × 60 cm 2 × 10 3. 4. 5. +
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 (4 )                (4 ) 

6   

(4)  
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13 11
4

4 7 24
6  

5.4  溝蓋替代品整體評估 
1.  
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4   

 
      

(kgf) (11/15) (11/18)  
(11/20)

 
(11/23) 

 
(11/25) (11/30) 

1  ( ) 5 11.1       

2  ( ) 6 8.3       

3  ( ) 7 8.8       

4 +  ( ) 8 13.8       

5 +  ( ) 9 17.2     * 

6 +  ( ) 11 14.6     
7 +  ( ) 12 18.1       

8 
+

( ) 13 16.5  2 mm 2 mm 3 mm  3 mm
 

3 mm
 

9 +  ( ) 14 20.0       

10 +  ( ) 15 15.1       

11 
+

( ) 17 16.6       

12 +  ( ) 18 20.1       
13 +  ( ) 19 15.1       

14 +  ( ) 20 17.4     
( ) 

 
( ) ( )

15 +  ( ) 21 13.6       

16 +  ( ) 22 15.1  
 (

)  
   

17 

 
 

 ( ) 23 19.6 * * * * ** * 
18  ( ) 1 17.0       

19  ( ) 3 20.6       

20 
+

( ) 10 20.3       

21 
+

( ) 16 19.9       

22 

 
KTV 

 ( ) 24 13.1  5 mm 5 mm 6 mm  6 mm  6 mm
23  ( ) 2 14.4       

24 
 

  ( ) 4 16.3       

* 9 2004/12/16 23 23 12/16 12/23
12/27 2007/5/30  

5   
1 1  ( )2 

  
    

1      3 
2      1 
3  ( )    − 1 
4  ( )    − 1 ∼ 2 
5  ( )    − 1 
6    −  1 
7  ( ) △ − − − 4 ∼ 5 
8  +     − 4 ∼ 5 
9  +      1 

10  +    − − 4 ∼ 5 
11  +   △  △ 1 ∼ 2 
12  +      1 
13  +      1 
14  +    △  2 ∼ 3 
15  +      2 
16  +      2 ∼ 3 
17  ( )  △  △ 2 

1.  = △ =  = 2. 1
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1  (11.30)       2  (11.30)        3  (11.30)        4  (11.30) 

 ( )              ( )                ( )             ( ) 

    
5  (11.30)          6  (11.30)        7  (11.30)     8  (11.30) 

 ( )                   ( )                      ( )                  +  ( ) 

       
9  (12.16)          10  (11.30)        11  (11.30)      12  (11.30) 

+  ( )   +  ( )   +  ( )   +  ( ) 

       
13  (11.30)        14  (11.30)       15  (11.30)       16  (11.30) 

+  ( )  +  ( )   +  ( )  +  ( ) 

       
17  (11.30)         18  (11.30)     19  (11.30)        20  (11.30) 

+  ( )   +  ( )    +  ( )       +  ( ) 

          
21  (11.30)        22  (11.20)       23  (12.27)     24  (11.30) 

+  ( )        +  ( )       ( )           ( ) 

7   
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6   

 ( )    
   

* 

1  3 725 850 3 
2  1 1157 1329 1 
3  ( ) 1 2900 3890 3 
4  ( ) 1 ∼ 2 1460 1870 2 
5  ( ) 1 2500 3200 3 
6  1 980 1050 1 
7  ( ) 4 ∼ 5 2940 − 5 
8  +  4 ∼ 5 1514 − 4 
9  +  1 1087 1263 1 

10  +  4 ∼ 5 − − 5 
11  +  1 ∼ 2 1420 1662 3 
12  +  1 1414 1710 2 
13  +  1 1748 2083 3 
14  +  2 ∼ 3 889 1000 3 
15  +  2 1228 1372 1 
16  +  2 ∼ 3 943 1016 3 
17  ( ) 2 500 610 2 

 

六、結 語 

6.1  結論 

(1) 

 
(2) 

4
4

40 
kgf/cm2 85 kgf/cm2，

。 

(3) 

17

 

a. 
8 kgf 11 

kgf  

b. 4
10 

cm × 20 cm  

c. 3
85 kgf/cm2  

d. 
 

e. 

 

f. 
 (BMC) 

980 / 1050
 

6.2  建議 

(1) 

3  
(2) 

10 cm × 20 cm  
(3) 

 
(4) 

 
(5) 
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