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Question 1  
 

𝑣0 = 30 
𝑘𝑚

𝐻𝑟
= 8.33 

𝑚

𝑠
 

 

𝑥0 = 0.00 𝑚 

 

Interval 𝟎 ≤ 𝒕 ≤ 𝟓 𝒔 

 
𝑑𝑣

𝑑𝑡
= 𝑎 = 0.4𝑡 𝑚/𝑠2 , therefore by integration: 𝑣 (𝑚/𝑠) = 0.2𝑡2 + 8.33  

 
𝑑𝑥

𝑑𝑡
= 𝑣 , therefore by integration:  𝑥 (𝑚) = 0.067𝑡3 + 8.33𝑡 + 0.0  

 

When 𝑡 = 5𝑠 ⇒   𝑣(5) = 13.33 𝑚/𝑠 and 𝑥(5) = 50.02 𝑚 

 

Interval 𝟓 ≤ 𝒕 ≤ 𝟏𝟓 𝒔 or  𝟎 ≤ 𝒕 − 𝟓 ≤ 𝟏𝟎 𝒔 

 
𝑑𝑣

𝑑𝑡
= 𝑎 = 2.0 𝑚/𝑠2 , therefore by integration: 𝑣(𝑚/𝑠) = 2(𝑡 − 5) + 13.33   

 
𝑑𝑥

𝑑𝑡
= 𝑣, therefore by integration: 𝑥(𝑚) = 2

(𝑡−5)2

2
+ 13.33(𝑡 − 5) + 50.02  

 

When 𝑡 = 15𝑠 ⇒  𝑣(15) = 33.33 𝑚/𝑠 and 𝑥(15) = 283.32 𝑚. 

 

Interval 𝟏𝟓 ≤ 𝒕 ≤ 𝟐𝟓𝒔  or 𝟎 ≤ 𝒕 − 𝟏𝟓 ≤ 𝟏𝟎𝒔 

 
𝑑𝑣

𝑑𝑡
= 𝑎 (𝑚/𝑠2) =

−𝑥

10
(𝑡 − 15), therefore by integration: 𝑣(𝑚/𝑠) =

−𝑥

10

(𝑡−15)2

2
 + 33.33  

 

When 𝑡 =  25 ⇒ 𝑣 = 0; 𝑥 = 6.67 𝑚 𝑠2⁄  
𝑑𝑥

𝑑𝑡
= 𝑣 , therefore by integration: 𝑥(𝑚) =

−6.67

10

(𝑡−15)3

6
+ 33.33(𝑡 − 15) + 283.32  
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The relationships between speed-time and distance-time are plotted below. 
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Question 2 

 

  

 

 
 

 

2% × 3.7𝑚 = 7.4𝑐𝑚 

 

4% × 3.7𝑚 = 14.8𝑐𝑚 

 

Length of superlevation runoff = 32.0m 

 

Length of tangent run out = 400𝑚 × 0.074 = 29.6𝑚 
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Question 3  

 

(a) 

 𝑣0 = 110 
𝑘𝑚

ℎ𝑟
= 30.55 

𝑚

𝑠
 

 

𝑒𝑚𝑎𝑥 = 0.06  and  𝑓(𝑚𝑎𝑥) = 0.1 

 

𝑅𝑚𝑖𝑛 =
𝑣2

𝑔(𝑒𝑚𝑎𝑥 + 𝑓(𝑚𝑎𝑥))
=

30.552

9.81(0.06 + 0.1)
= 594.61 𝑚 

 

𝑅𝑑𝑒𝑠𝑖𝑔𝑛 = 1.25𝑅𝑚𝑖𝑛 = 1.25 × 594.61 = 743.26𝑚 

 

 

𝑒𝑑𝑒𝑠 =
𝑣2

𝑔𝑅
− 𝑓(𝑚𝑎𝑥) =

30.552

9.81 × 746.26
− 0.1 = 0.208 − 0.1 = 0.028  

 

 

 

(b) 

𝐷 = (
5729.58

𝑅(𝑓𝑡)
)

𝑜

= (
1746.4

𝑅(𝑚)
)

𝑜

= (
1746.4

743.26
)

𝑜

= 2.35𝑜 

 

𝐸 = 𝑅 (
1

𝑐𝑜𝑠
50
2

− 1) = 743.26 × (
1

𝑐𝑜𝑠
50
2

− 1) = 76.83 𝑚 

 

𝑀 = 𝑅 (1 − 𝑐𝑜𝑠
𝛥

2
) = 743.26 × (1 − 𝑐𝑜𝑠

50

2
) = 70 𝑚 

 

𝑇 = 𝑅𝑡𝑎𝑛
𝛥

2
= 743.26 × 𝑡𝑎𝑛

50

2
= 347 𝑚 

 

𝐿 = 100(𝑓𝑡)
𝛥

𝐷
= 30.48(𝑚)

50

2.35
= 648.5𝑚 

 

𝐿𝐶 = 2𝑅𝑠𝑖𝑛
𝛥

2
= 2 × 743.26 × 𝑠𝑖𝑛

50

2
= 628.2 𝑚 
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Question 4  
 
z = (75 + 40) − (75 + 00) = 40m 

Tangent elevation = 50.9 + (40 × −1.2%) = 50.42𝑚 

Roadway elevation = 51.1 + 0.8 = 51.90𝑚 

𝑦 = 51.90 − 50.42 = 1.48𝑚 

E =
AL

800
=

(0.8 − (−1.2)) × L

800
=

L

400
 

y = 4E (
𝑥

𝐿
)

2
= 4(

𝐿

400
) × (

𝐿

2
+40

𝐿
)

2

= 1.48        ⟹        𝐿 = 416.7𝑚  

 

 

 

 

 


