Civ E 342 

Solutions to Problem Set 4

Professor L. Fu

Q1


· Design parameters:

V = 80km/h = 22.22 m/s

e = 8 %

G = 2%

SSD 
= tpr * V + V2 /2g(f+G),
where tpr=2.5s and f = 0.30 for V=80km/h

SSD 
=2.5*22.22 + 22.222 /2*9.807*(0.30+0.02)

=55.55+76.66=134.21(m)

· (a)

Rmin = V2 /g (fs +e)  wehre
fs = 0.14 for V= 80km/h


Rmin= 22.222 /9.807*(0.14+0.08) = 228.8

Design radius, R=240m > Rmin + 3.6/2 = 230.6 m,
 safe

· (b) 
R = 240 m

Inner Path Radius, Rv = R – lane width/2 = 240 – 3.6/2 = 238.2 m



  (s = 180 * SSD/(Rv = 180 * 134.21/((* 238.2) = 32.28o


 ms = Rv (1 - cos((s/2)) = 238.2 * (1 – cos (32.28 /2) ) = 9.33 m


If measured from the edge of inside lane:




Ms – lane/2 = 9.33 – 1.8 = 7.53 m

· (c)   


Ms = 6 – lane/2 = 6 – 1.8 = 4.2 m 


Available sight distance 
Ls   = ( Rv /90 * cos-1 ( 1-Ms/Rv )










     = (( * 238.2/90 ) * cos-1 ( 1- 4.2/238.2)




     = (( * 238.2/90 ) * cos-1 0.973





     = 89.60 m

Design requirement: Ls ( SSD

89.60 ( tpr * V + V2 /2g(f + G)

89.60 ( 2.5 V + V2 /2*9.807*(f+0.02)

Assume 
f = 0.31

(for V = 70 km/h)

V2 + 16.182 V – 579.950 = 0

V ( 17.31 m/s = 62.3 km/h --------- not close to V = 70 km/h

Try f = 0.33  (for V= 60 km/h)

V2 + 17.162 V – 614.656 = 0

…

So, speed limit for this section should be 60 km/h
Q2

· Curve parameters:

Rv = R = 300m

V = 200 km/h = 55.56m/s

Fs = 0.2

P1 = 6+121.231

( = 90o
· Vehicle cornering analysis (a)

Centrifugal force:

Fc = m * V2/R

Fc p = Fc * cos (
Fc n = Fc * sin (
Weight

Wn = W * cos (
Wp = W * sin (
Side friction:


Fs = ( normal force * fs = ( Fcn + Wn ) * fs

At equilibrium:

Fs + Wp = Fcp

~
( Fcn + Wn ) * fs + W*sin( = Fc * cos (
~
fs Fc sin( + fs W cos( + W sin( = Fc * cos (
~
fs *  mV2/R * tan( + fs mg + mg tan( = mv2/R

~
fs *V2 * e + fs * g*R + g *e * R = V2
~
e = (V2 - fs * g*R)/ (fs *V2 + g R )


e  = (55.562 – 0.2*9.807 * 300)/0.2 * 55.562 + 9.807 * 300 


    = 2498.49/3558.28 = 0.70
or  70% or  ( = 35o
· Stations and elevations:

L = ( /180 * R *(

    =  ( /180 *300*90o = 471.239 m


    T= R*tan((/2) = 300 * tan45o= 300

Stationing PC = PI – T = 6km + 121.231 –300 = 5 + 821.231



   PT = PC + L = 5+821.231+471.239= 6+292.470

Q3

· Parameters:

V=70km/h = 19.44m/s, 
fs = 0.14/from table 3.5

e = 0.06

· First, analyze vehicle cornering:

Rmin 
= V2 /g(fs + e)

= 19.442 /9.807(0.14+0.06) 

= 192.68

The radius of the inner most path, RV = R –3.6 – 3.6/2 = 230 – 3.6 – 3.6/2 = 224.6 > Rmin 
OK!
· Secondly, analyze sight distance: if S > SSD

MS = 4+3.6/2 = 5.8M

Available sight distance:

S 
= (( Rv / 90) * cos-1 (1 – Ms/Rv)

     

= (( * 244.6 / 90) * cos-1 (1 –5.8/224.6)

     

= (( * 244.6 / 90) * cos-1 *0.974

     
= 102.31m

SSD
= tpr * V + V2 / 2g(f + G ),
f = 0.31 ( V = 70km/h )

       


= 2.5 * 19.44 + 19.442/( 2*9.807 *0.31)

       


= 110.8m

S < SSD - Inadequate sight distance!

Suggestion:

· Use a lower posted speed;

· Clear the sight obstruction.

Q4 
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