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Preface

The solutions to the fourth edition of Principles of Highway Engineering and Traffic Analysis
were prepared with the Mathcad® software program. You will notice several notation conventions
that you may not be familiar with if you are not a Mathcad user. Most of these notation
conventions are self-explanatory or easily understood. The most common Mathcad specific
notations in these solutions relate to the equals sign. You will notice the equals sign being used in
three different contexts, and Mathcad uses three different notations to distinguish between each of
these contexts. The differences between these equals sign notations are explained as follows.

e The “:=’" (colon-equals) is an assignment operator, that is, the value of the variable or
expression on the left side of *:=’is set equal to the value of the expression on the right
side. For example, in the statement, L := 1234, the variable ‘L’ is assigned (i.e., set equal
to) the value of 1234. Another example is x :=y + z. In this case, x is assigned the value
ofy +z.

e The ‘=’ (bold equals) is used when the Mathcad function solver was used to find the value
of a variable in the equation. For example, in the equation

5.2:t - D.005.t" = 18.588 + 10-(t - 12.792) the = is used to tell Mathcad that the value of the
expression on the left side needs to equal the value of the expression on the right side.
Thus, the Mathcad solver can be employed to find a value for the variable ‘t’ that satisfies
this relationship. This particular example is from a problem where the function for arrivals
at some time ‘t’ is set equal to the function for departures at some time ‘t’ to find the time
to queue clearance.

e The ‘=’ (standard equals) is used for a simple numeric evaluation. For example, referring
to the x := y + z assignment used previously, if the value of y was 10 [either by assignment
(with :=), or the result of an equation solution (through the use of =) and the value of z was
15, then the expression ‘x =” would yield 25. Another example would be as follows: s :=
1800/3600, with s = 0.5. That is, ‘s’ was assigned the value of 1800 divided by 3600
(using :=), which equals 0.5 (as given by using =).

Another symbol you will see frequently is ‘—’. In these solutions, it is used to perform an
evaluation of an assignment expression in a single statement. For example, in the following

. 2
statement, Q) = Artivals(t) - Departures(t) — 2200t - 1000t Q(t) is assigned the value of
Arrivals(t) — Departures(t), and this evaluates to 2.2t — 0.10t%.

Finally, to assist in quickly identifying the final answer, or answers, for what is being asked in the
problem statement, yellow highlighting has been used (which will print as light gray).

1 www.mathcad.com
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Problem 3.1

Determine the elevation and stationing of the low point, PVI and PVT.

L=1600 f

PVC is at 120 + 00 stapysp = 12000 elevpyc = 1500 (given)

Gy=-35% Gy =65%

A=|-35-65  A=10
1600
stapy = 12000 + T stapy = 12800  stagy, = 128 + 00
LY
elevpy) = eleveye + | Gyl 3 | elevpy = 1472 ft
L2

stapyT = 12000 + 1600 stapyT = 13600 Stag,; = 136 + 00

A-L
elevpyT = 1500 + (Gq-L) + ¢ elevpyT = 1524
low point when dy/dx =2ax+b=10 (Eq. 3.2)
Gg - Gy
a= a=0.000031 (Eq. 3.6)
2-L
b = Gy b=-0035 (Egq. 3.3)

b
distiqy = 5—  distjgy = 560

Stayg, = 12000 + 560  sta,, = 125+60

offset to low point

A . . (Eq. 3.7)
YIDW = m 'dlﬁtlnw YIDW =93 ft

elevigy, = 1500 + [ Gq-dist)gyy) + Y)qu elevig,y = 14302
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Problem 3.2

Determine the elevation and stationing of the high point, PVYC and PVT.

L = 500

PVIis at 340 + 00 stapyy = 34000

elevpyy = 1322 (given)
Gy=40% Gp=-25%

A=1]40+25 A=65

500
Etﬂp\u,rc = Etﬂp\uﬂ - T Etﬂp\u,rc = 33750 stagye = 337 + 50

LY
E|E".|'|:|1.u,r|: = E|E".|'|:|1.u,r| - GTE | E|E".|'|:|1.u,r|: =132 ft
|~‘- J‘I

high point when 2ax + b =0

Go - G4
T 2L

a: a = —0.000065 (Eq. 3.6)

b=Gy b=004 (Eq. 3.3)

b
diﬁthigh = E diﬁthigh = 307.692

Etﬂhigh = Etap\u,rc + diﬁthigh Etﬂhigh = 34057 69 Stahigh = 340 + 58

A 2 (Eq. 3.7)
Yhigh = m-dlﬁthigh
E|E'-.-'high = E|E'l.-'|:|1.u,r|: + |G1d|5th|gh:| - thgh E|E'l.-'high =131815 +f

L
stapyT = stapy + > stapy = 34250 stap,+ = 342 + 50
A-L

Yinal = 595 (Eq. 3.9)
E|E'-.-'|:|1.JT = E|E'l.-'|:|1.u,r|: + |G1 L:I - Yﬁﬂﬂ| E|E'l.-'|:|1.u,lT =1315.75 ft
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Problem 3.3

Determine the depth of the top of the pipe and the station
of the highest point on the curve.

Stﬂp\uﬂ = 11000 E|E'u'|:|1.u,r| = 10954

L = 600 stapipe = 11085 eleupipe = 10916
(given)
(elevation is to center of pipe, 4 ft diameter)
Gq=12% Ggp =-1.08%
L

stapyp = 11000 - E stapyp = 10700

Ly
E|E'u'|:|1.u,r|: = E|E'l.|'|:|1.u,r| | G1-§ | E|E'u'|:|1.u,r|: = 1094 8

|~‘ -}II
using the parabolic equation, y = ax? + bx + ¢

G2-64 _
a-= a=-19x10 " (Eq. 3.6)
2.L

b =G4 b=0.01 (Eg. 3.3)
c = elevpy e c=10948

elevation of surface over pipe is y(11085-10700), w(385)
y=al385% +b-385+¢c  y= 10966

remember pipe elevation is to center, 4 foot diameter
depth = 10966 — (10916 + 2) depth=3 ft

location of high point is when dy/dx=0 dy/dx =2ax + b

X o= il x= 31579
2.3

station of high point = 110 + 15.8
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Problem 3.4

Determine if the curve provides sufficient stopping sight distance.

Hy=35 Hy =20 (assumed)
A=]120+108 A=228
S=SSD (60mih) S =570 (Table 3.1)
calculate required curve length for design speed, compare to actual length
Assume S = L

2
L=25- Eml"'/H_r Vel L=193377 Foa

Actual L is greater than calculated minimum L, curve is adequately designed

problem can be done using K-values:

SSD = 570 (Table 3.1)
A =]1.20 + 1.08] A=228
L = 600

solve for K of actual curve, compare to design K for 60 mifh

K=— K=263.158 f (Eq. 3.17)

from table 3.2, K-value based on S50 for 60 mi‘h is 151 ft

since 263 ft = 151 ft, curve is adequately designed
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Determine the design speed of the curve. Problem 3.5

Etﬂp\uﬂ = 11077 E|E'u'|:|1.u,r| = 947 34 EtEPUC = 10900 E|E'l.|'|:|1.u,r|: = 950 (given)
Stalnwpt = 11050

salve for initial grade

|elevpy — elevpyc)
|stapyy — stapyc)

Gy : Gy=-0015 G;=-15%

saolve for location of low point

o= Etﬂmwm - EtEF"'u'rC ¥ o= 150 ¥ = |G1| K
i
K= — K = 100 (Eq. 3.11)

Checking table 3.2, K = 96 is nearest value without going over K. = 100;
thus, design speed is 50 mi‘h.
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Problem 3.6

Compute the difference in design curve lengths for 2005 and 2025 designs.

Gp=1 Gp:=-2 As=|G2 -Gy A=3 (given)
find required L for 70 mi/h design speed

K := 247 (Table 3.2)
MV

SSDyq5 = 730 (Table 3.1)

5280

V =70-—— V =102.667

o 3600

Hy:=3 Hy:=1 9:=322  G:=0 (given)
For 2025 values, a increases by 25% and t, increases by 20%

Calculate required stopping sight distance in 2025

v 2
So025 = +V to0o5 Sopo5 = 684.444 (Eq.3.12)
K azozs} }
g
Using this distance, calculate required minimum curve length in 2025
A-S 2
52025 (Eq. 3.13)

L2025 = >

Logos = 941.435 Diff := Logos — Logos Diff = 200.43  ft
Alternative Solution

2
L = A55P2005 L =741
2002 = 2158 2005~

Logos — Logos = 200.435
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Problem 3.7

Determine the height of the driver's eye.

L = 1200 Ho =2 (given)
K = 84 (Tahle 3.2)
calculate A of curve
L
A=— A = 14.286 (Eq-3-10)
K
solve for H,. using design SSD for 60 mith
S =470
S=L
2
L= AS > (Eq. 3.13)
200(,/Hy +, [Ho)
Hy=83 ft
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Problem 3.8

Assess the adequacy of this existing curve.

=352 ¥, ,=3 L =800 (given)

salve for A using known offset

200Y,-L"
A
Y, = e A=— (Eq. 3.7)
200-L 2
®
A =3.874
Solve for K of existing curve
L
K= E K= 206507 (Eq. 3.10)

From Table 3.2, K for 60 is 151, Since 207 = 151, curve is adequate for 60 mi'h.
problem can also be done using Equation 3.15 for 35D

solve for A using known offset

Y, = i-xE
*200-L (Eq. 3.7)
A =3874
S8 < 570 (Table 3.1)
Solve for required minimum L, assuming SS0 < L
A-8SD?
Ly = 2153 L, = 58325 ft (Eqg. 3.15)

Since 800 ft » 583 ft, curve is adequate for 60 mi‘h
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Problem 3.9

Determine the stationing and elevation of the PVCs and PVTs.

B0 mifh design speed

(given)
K= 131 Table 3.2)
Kg:= 138 Table 3.3)
A=lo-2] A=2
Ay
calculate lengths of crest and sag curves
L = KA L, =272
Calculate station and elevation of PYT for crest curee,
stapy, = 1+51
AL
elevpn e = elevpy o - 0 elevpnqo =96.98  ft
PYT. =0+ 302 PYT. =302 stapy, =3 + 02
Calculate station and elevation of PYT and PYC for sag curve,
elevpn g = elevpy oo — (0.02-4000) elevpn o =20 ft
Lo L
PVT, = ) + 4000 + = PWT, = 4287 stapyr. = 42 + 867
Al
elevpn g = Blevpy g + 0 Blevpyog = 2272 ft
PVC, = PYVT, - L PYVC, = 4015 stapyp. = 40 + 15
Ly
PV, = PV, - = Pl = 4157 stapy. = 41 +51

Solutions Manual to accompany Principles of Highway Engineering and Traffic Analysis, 4e,
by Fred L. Mannering, Scott S. Washburn, and Walter P. Kilareski.
Copyright © 2008, by John Wiley & Sons, Inc. All rights reserved.



Problem 3.10

Determine the elevation and stationing of the PVCs and PVTs.

Kg = 136 (Table 3.3)
K, = 151 (Table 3.2)

Calculate change in elevation between beginning and end of alignment

Aglgy = 0.02-4000 80

Aglay =

Solve for A of both curves

2 2 y
ATK, ATKg A[{4000-K A-K A
+ + - - =_"LE|E.|‘.
200 200 100

A =216

Calculate lengths of crest and sag curves using common A

Lo=K.-A L. = 327479 (Eq. 3.10)
Ly =Kg-A L = 294948 (Eq. 3.10)
stapyc =0+ 00 elevpyp, = 100 f (given)

Calculate station and elevation of PVT of sag and crest curves and PVC of sag curve
Stapyﬂ'c = Stﬂp\u,rcc + LI: Stapyﬂ'c = 327479 stapy . = 3+27.48

|-_‘E'"|-c:__:'
elewpwc = eleupycc - 200 eleupw—c =9645 ft

A-(4000 - L - Lg)

Ele""F"‘u’Cs = eleupwc - 100 Ele""F“u’Cs =232 ft
StEp\u,rCS = StEPVTE + |4UUU - LI: - LS:' EtEp\u,rCS = 37060562 StaF‘VE&- = 37+05.05
AL
5
elevpy s = elevpyeg — 200 elevpy =20 f stap, 1, = 40+00
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Problem 3.11
Determine the elevation difference between the PVC and the high
point of the curve.

Gq=40% (given)
K = 151 (Tahle 3.2)
salve for location of high point on curve

®, = K-[4.0]  x, =604 (Eq. 3.11)

substituting for L, solve for the offset of the high point

A 2 (Eq. 3.7)
Y, = — .
x = ZooL
L kA (Eqg. 3.10)
1 2
Yo = —— - Yo =12.08 Eq. 37
xh = Z0i *h %h (Eq. 3.7)
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Problem 3.12

Determine the elevation difference hetween the high point

and the PVT.
Gq=30 % (given)
1< = 54 (Table 3.2
calculate location of high point

K = +<-|r31| xp =262 f (Eq. 3.11)
knowing the station of the high point, calculate the station of the PYC

PWC =3337 43 - x, PV = 308543
knowing the station of the PYVC, calculate the curve length

L=3718.26 - PVC L=63283 f

At A=T7.534 (Eq. 3.10)

K
calculate the offset of the high point
A 2
W, = ¥ ¥, =378 Eg 3.7
“T oo h " (4. 37)

calculate elevation difference between initial tangent point above high point
to initial tangent point above end of curve

5

1
& =|L- —_— & =11.425 ft
Ytan ( Kh] 100 Ytan
calculate final offset
AL
= — Ye=23.838 Eg 3.9
f 500 f (= )

elevation difference

Y- by - ¥y =8633
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Problem 3.13

Determine the stationing and elevation of the high point on the curve.

K=114  Gy=25  Gp=-10
A=|Gy-Gy A=35

(given)
PVT = 11425

point = 11275 Ele*"puint =240

calculate curve length
L=K-A L=399 (Eg. 3.10)

calculate location of PVC
PVC =PVT - L PVC = 11026 stapy,. = 110 + 26
¥ = point - PVC  x=249

calculate offset of point above curve

A9

anint = m'x = 2.?19 |:EE|. S-T}

anint

Gy

X— Y
100

point = 3.506

from offset of point, calculate elevation of PVC

E|E".-'|:|1.“,r|: = Ele""pnint - 3.506 E|E".-'|:|1.“,r|: = 236.494

calculate location of high point

xy =K-Gq  x,=285 (Eq. 3.11)

A 2

Yy = ——— 2 Y = 3.562 Eq. 3.7
h = 5pp.L h h (Eq-3.7)

calculate station and elevation of high point
eleuhp = elevpye + Y eleuhp = 240.06 fi

PVC + x, = 11311 sta,, =113 + 11
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Problem 3.14

Determine if the curve is long enough to provide passing
sight distance?

G1 =1 GE =-05
A:Fﬁ—%|ﬂ=15 (given)

Stﬂp\u,rc = 5484 Stﬂp\uﬂ = 5744

L= |'STE|:|1.u,r| - Stﬂp\u,rcl:l-z L =520
is this curve long enough? calculate actual K-value and compare to required

L
K= E K = 346667 (Eg. 3.10)
kK from Table 3.4 for 55 mi/h is 1407, this curve is not long enough.

problem can also be done using PSD equation (3.25):
(assuming PSD = L)

L =520 (see abowve)

A=1-(-5 A=15

2800
L=2PSD- —— (Eq. 3.25)
A
2800
L+ ——
PSD = ——— PSD=1193333 #

From Table 3.2, for 55 mith, 1985 ft of passing sight distance is required

Therefare, curve is not adequate for 55 mith
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Problem 3.15

Determine what length of existing highway must be reconstructed.

Kg =36 (Table 3.3)
K =84 (Table 3.2)
Aglgy =24 (given)

Set total of final offsets equal to change in elevation

LA LA
° c =24 (Eq. 3.9)

+ =
200 200

substitute in for L_ and L, and solve for A

. . (Eq. 3.10)
Lg = Kg-A L =K. A

KoAZ KoAZ
+ = 74
200 200

A =5164 4
Total length of the alignment is the length of both curves plus 100 fi for half of the overpass

L= Kg-A+ KA+ 100 L= 1029516

this length must be cleared on either side of the centerline, so

Liotal = 2Lt Liotal = 2059.03 ft
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Problem 3.16

Provide the lengths of the curves and constant-grade section.

50 mi/h design speed

K, = 84 (Table 3.2)

C

K. = 96 (Table 3.3)

5

station of PVC_ =127 + 00 stapysp = 12700
station of PVT, = 162 + 00 stapyg = 16200

calculate change in elevation between ramp sections

=138 - 97 41

Aaley Agley =

calculate total length of alignment

Ltotal = StapyTs — stapyce Ltotal = 3500

set change in elevation equal to sum of offsets and change in elevation of constant grade section
(Yi- AY ) + AY o + Y =41

substitute in for final offsets using Equation 3.9

[ AL 4-“"—::‘\'- Geonleon  Asls

|+ + =A
\ 200 100 100 200 elev

substitute for L__ L. and L
L= KA (Eg. 3.10)

Lu: + Lu::}n + Ls = Lt:}tal Lc}n = 3500 - Kc*"&‘c' Ks*‘&‘s

o , / ¢ 2
Ke Ac |40-KeAg) Gcnn'['-mtal —{KeAc) - |K5"'5‘5,[| Ks Ag
L ! . R d = Agjay
200 100 100 200

substitute for A_ and A,

Aczld"u'Gc}nl ﬁ"szlen -0 "&'“szch}nl

solve for G,
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Kc'(4 + Gcon)2 [4'O'Kc'(4 + Gcon)] Gcon'['-total - [Kc'(4 + Gcon)] - Ks'Gcon] Ks'Gcon2 _
200 - 100 " 100 T 00  Celev

Gegn = 1.579
A.=[4.0--1579] A_=5579

Ag = [Geon| Ag=15T79

Lo =KoA, L.=46864 f (Eq. 3.10)
L = Kg-Ag L = 151.6 fi (Eq. 3.10)

Leon = Ltotal — Le — Ls
Leon = 287977 f
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Problem 3.17

Determine the lowest grade possible for the constant-grade
section that will still complete this alignment.

PVC, =475  elevpypng = 82

PVT, = 4412 elevpyq = 1312 (gnen)
calculate total length and change in elevation

Ligtal = PVTe — PVCg  Ligtg = 3337

eleudiﬁ = eleupwc - eleupycs eleudiﬁ =492
Kg =96 (Tahble 3.3)
Ko = 84 (Tahle 3.2)

set total elevation change equal to sum of offsets and changes in elevation from constant grade

Ls(|G1s|) Lo |Gel)
00 100

st + MYeon + Yﬁ: = eleudiﬁ +

Gqg =1 Go. =1 (given)
Geon= Gog= Gy,

substitue values for final offsets using equation 3.9

Agls . Geon | L L\ Acle  levin - LE'|I_|G15|_.:' . |"3'|..|GE'3|.-:I
substitute in for A, and A_
Ag= |chn_G1s| Ac= |Geon — Bzc

solve for G, |

(1© con-C15])*Ks G con
— 00 +W‘(Ltotal‘ ‘Gcon‘Gls"Ks‘ ‘GCOH_GZC"KC)+

(‘Gcon’GZC‘)z'Kc [‘Gcon’els“Ks'(‘Gls‘) ‘Gcon’GZC"Kc‘(‘GZC‘)}
—————— =elevg + +
200 100 100

Gegn = 1379 %
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Z 2
G+1)2K. (G+12K e
° . © L 492=3937 — |
200 200 100,

G=138 %
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Problem 3.18

Determine the elevation difference.

Gig =3 Geogn =5 Gog =2

K. = 84 (Table 3.2)
K = 96 (Table 3.3)
Ac = |G1|:_G|:|:|n| A =8

Ag = |G|:Dn_GEs| Ag=T

calculate lengths of crest and sag curve, subtract from total length to find length of constant grade
Lo =K.-A, L.=672 (Eg. 3.10)

Lo =Kg-A; Lg=672 (Eg. 3.10)
Legn =3000- L, - L, Leon = 1656
Using final offset equation 3.9, calculate the total elevation difference

|'ch - _‘-LYE} + AY g + |"‘ffS - _‘-L"r’S} = glevation difference

Yp. = Acte Yg. = 26.88 AY, = Pte L. AY.=2016
fC = EUU fC - - c— 1[][] C c~ -
AL G
55 25
Y = Ye. = 2352 AY . =——-L AY . =13.44
fS EUU fS 5 1[][] 5 5
|Geon|
con
AYeon = 100 con AYpgn = 62.8
AY = Yio = AY, + AY g + Yig - AY,
Acle [ Gy N |G|:|:|r1| \ Asls | GES| \
- L+ Lean | + = L)
200 100 ¢ 100 7T 200 1100 3

AY =996 ft
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Alternative Solution using parabolic equation directly

2]
I

100 arhitrary

Gegn — Gq
8. = il c a. =-0595
L
c
100
bc = G1E
Le
W o= —
€ 100
s )
Ve=\8c¥ |+ L Vo =9328
|Gcon|
con
Yeon = VYe ~ 100 : con Vegn = 1048
Gog - G
85 = 2 con a; = 0521
L
5
100
bg = Geon
57100
2
Vg =8g%s +Dbg¥g+ Vegn yg=04
AY =c. -V AY =996 ft
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Problem 3.19

Determine the common grade between the sag and crest curves and
determine the elevation difference between the PVCs and PVTc.

Gyg=-30 Gpo =20 Gpo=Gy,

C (given)
Ligtal = 1275
K, = 84 (Table 3.2)
K = 96 (Table 3.3)
Ligtal= Ls + L¢

substitute for L, and L_

L=KA Liotal = Kg-Ag + Ke-Ac
substitute for A_ and A_

A;=G-Gyy  A.=G-Gy,

solve far G
| |

. . Ligtal + K-Gqg + K-Gye
Ltotal = Kg (G - Gqg) + K| G - Gy G= Ko+ Ko
E=6417 %
calculate A walues, then lengths of crest and sag cunves
Ag=G-Gyg A =0.417
A= G- Gop Ao=4.417
Ly =Ko Ay L, =504 (Eg. 3.100
Lo= KA L. =371 (Eg. 3.100

using final offset equation 3.9, calculate total elevation difference owver alignment

AL = = AL

5 s 15 2C (s

alev ya = + Lo+ L.+ elev e =31.06
dif = o0 T oo T o0 ¢ 2mo diff
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Problem 3.20

Determine the minimum necessary clearance height of the overpass
and the resultant elevation of the bottom of the overpass over the PVI.

For 70 mifh design speed, K= 181 (Table 3.3}

A=li--8)  A=9 (iven)
L= KA L= 1629 (Eg. 3.100
A

For 70 mifh design speed,
S50=730 (Table 3.1}

Using equation for 350 < L, solve for minimum clearance height

2 2 "
A-SSD L ABEDT
- = +
B00-(H. - 5  Bo0-L (Eg. 3.29)
H.=8E8 f

This clearance is not enough, use the desirable 16.5 ft of clearance

He=165 f

AL (Eg. 3.8)
¥,o= —— ¥ = 18326 ft
M a00 m

clearance at the P! is the sum of the middle offset and the clearance height provided

clearanceljw = Ym + HE clearanceljw =34 83 ft
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Problem 3.21

Determine the highest possible value of the final gqrade in daytime
and nighttime conditions.

Pvl=1000  PYC =400

elevpyy = 138 elevgyeacq = 162 (given)
550 =730 (Table 3.1
L=(Pvl-PvC)-2  L=1200
Ll
far daytime conditions, overpass clearance governs
gince L= S50
800-L
S50= | ——H. - 5i (Eg. 3.29)

substitute in equation for H, = height of overpass minus height of Pl plus middle offset

AL
H. = Ele"werpass - | elevpyy + o0
salve far A
800.L N
S50= | ——|1BZ - [138+ — | -5
A, 500
A=0745
calculate 55
G1 =4 Gz = G1 + A, Gz = 5245

For nighttime conditions, headlights gavern
at 70 mifh K = 181 (Table 3.3)

check far sufficient length

L=Kg A  L=1673.395 which is greater than 1200 (Eg. 3.100
Salve for A
1200
Bo=—— A=6E3 (Eg. 3.10
Aoy KS
Gn = A+ 5y Go=2E3 %
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Problem 3.22

Determine how many feet below the railway the curve
PVl should be located.

First find clearance based on S3D
K=T79 (Table 3.3)
G1 =2 GE =2

(given)

A=|G1—G2| A=4

L=K-A L= 316 (Eq. 3.10)
S50 = 360 (Tahle 3.1)
Since 350 =L, use Eq. 3.30 to get H_

800-(H, - 5) A-(2s8sD-1) "
l=2.580- — = H, = 2SS0 (Eq. 3.30)
A 800
H. = T7.02 ft

7.02 ftis less than the AASHTO desirable clearance height of 16.5 ft, so 16.5 ft will be provided
H. =165
now find necessary elevation of the PVI

eleupw = —HE - Ym

_ AL

=—— Y. =158 Eq. 3.8
m = 300 m (Eqg. 3.8)

ElE".I'FI'I.ufl = _HE - Ym ElE".I'FI'I.ufl =-158.08 ft
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Problem 3.23

Determine the highest possible design speed for the curve.

necessary middle ordinate distance is the distance from the centerline minus 1/2 the inside lane
Mg =34-6 Mg = 28 (given)

First try 50 mi/h

e= 08 g=2322 W= 50 (given)

fy= 14 (Table 3.5)

calculate radius to vehicle travel path

2
V-1.467
R, = ﬁ R, = 759.489 (Eq. 3.34)
{e+ 1)
SSDgg = 425 (Table 3.1)

calculate necessary middle ordinate for 50 mi‘h

(90-SSDgq |
MSED =R, | 1-cos —Ru |-deg MSEEI =29583 ft (Eq. 3.42)

-

Lo )
this is larger than 28 ft, so design speed is too high

try 45 milh V= 45

fy= 145 (Table 3.5)

calculate radius to vehicle travel path

2
V-1.467
R, = ﬁ R, = 601.516 (Eg. 3.34)
. N E
S50y = 360 (Table 3.1)

calculate necessary middle ordinate for 45 mifh

(90-SSDy5 |
MEd-S =R, |1-cos T |-deg M545 =2673 f (Eg. 3.42)

L ).

this is less than 28 ft, so 45 mi‘h is the maximum design speed
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Problem 3.24

Determine the station of the PT.

Stapc :=12410 Stapl :=13140

(given)
8= 0.06 /yw\:: 70 Q= 32.2
fg:=0.10 (Table 3.5)
calculate radius
(V-1.467)2
vi=—7— R,=2046.8 (Eq. 3.34)
g-(e + fs)
since road is single-lane, R:=R
MW \'
R =2046.8
/IA:: Stapl - StaPC T=730
knowing tangent length and radius, solve for central angle
A T
T= R~tan(;j A ::2-atan(Ej A =39.258deg A, =39 (Eg. 3.36)
calculate length
T
L:=—"R-(A L=1393.2 (Eq. 3.39)
180 (&)
stapt:=stapc + L stapT = 13803.229 stapy =138 + 03.23
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Determine the stationing of the PC and PT and determine the Problem 3.25
safe vehicle speed.

stapp:= 270000 T =510 A= 40 (given)
stapp = stap| - T stapp = 2R9430 stape = 26594 +30
A
T= R-tan[aj (Eg. 3.36)
T
R — R=1401.213
i iy
tan[— -degj
2
L=~ R4A L=978232 (Eq. 3.39)
e 18l

stapT = stapp- + L stapt = 270468.232 stap; = 270446523

Since the road is 4 lanes with 10-ft lanes, the distance from the centerline to R, is 10 ft +5 1

R,=R-10-45 R, = 1386.213
g=009 f=008 pg=322 (given)
2

K

R, = - (Eg. 3.34)
1f + —
: [5 mn]
K . .

Vo= fRogf + el W= 8711 b o= —— Y =69 38 % is BO mi‘h
e e ART

Problem 3.26

Determine the rate of superelevation required for this curve.

design speed is 70 mith

R, = 900 W= 70 g =322 (given)
fo=010  for 70 mith (Table 3.5)
2
L (vaen”
TR, 5 (Eq. 3.34)

e=0264 % or 26.4%

Solutions Manual to accompany Principles of Highway Engineering and Traffic Analysis, 4e,
by Fred L. Mannering, Scott S. Washburn, and Walter P. Kilareski.
Copyright © 2008, by John Wiley & Sons, Inc. All rights reserved.



Problem 3.27

Determine the superelevation required at the design speed. Also.
compute the degree of curve, length of curve, and stationing of
the PC annd PT.

Wo=100 R = 1000 A =30 (given)

stap) = 112510 ;=020  g=322

Since the racetrack is single-lane, R,=R R,=1000

Solve for required superelevation

(V-1.467)°

e+ f.= 1-f.-e (Eg. 3.34)
5 |1-1gg

e=0413

solve for degree of curve

18000
D= R D=573 degrees (Eg. 3.35)

use this and Equation 3.39 to solve for length of curve

18000 x

Re — — L= — R-A (Eq. 3.39)
z-D 180

L= mg-j L=5236 ft

calculate tangent length

g;.g;'l H'IH'I

T=Rtan|| —-deg || T=267.949 (Eq. 3.36)
W2 2

Stﬂpc = StEp| -T Stﬂpc = 112242 051 EtaF"E = 1122442 05

stapT = stapp + L stapT = 11276565 stap; = 1127+65. 65
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Problem 3.28

Determine the radius and stationing of the PC and PT.

stap|:=25050 g :=32.2 V=65 (given)
e :=0.08 A =35

NN

fs =0.11 (Table 3.5)

calculate radius

2
V -1.467
o . (V14677

: R, = 1486.2 ft (Eq. 3.34)
v g-(fS n e) v

since the road is two-lane with 12-ft lanes

R:=R,+ 6 R =1492.2 ft
MWV \'

calculate length and tangent length of curve

s

Li=—RA L=911.534 (Eq. 3.39)
M180
~ = (Eq. 3.36)
Jo=R-tan E -deg T=470.489 g. o.
Stapc = Stapl -T Stapc = 24579511 Stapc =245+79.51
stapt:=stapc + L stapt = 25491.044 stapy = 254+91.04
Problem 3.29

Give the radius, degree of curvature, and length of curve that you
would recommend.

A =40 2 10-ft lanes (given)
for a 70 mph design speed with e restricted to 0.06, R, := 2050 ft (Table 3.5)
5
R:=R,+ — R =20525 ft
MW \' 2
L=—.R-A L=1432.92 ft (Eq. 3.39)
M 180
18000
D:= - D=279 degrees (Eg. 3.35)
Tc .
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Problem 3.30
Determine the station of the Pl and how much distance must
be cleared from the center of the lane to give adeguate S5D.

L =400 g=010 stap = 1735 (rgiven)
R, =555 (Tahle 3.5)
since the ramp is single-lane, R =R

W

salve for & using length and radius

L-180
L=~ RA& 4= & = 41.294 (Eq. 3.36)
180 n-F
Fil
T= R-tan(a-deg] T=209132 (Eg. 3.39
stap = stapp + T stap) = 1944.132 stap, = 189 + 44.13
S50 =360 (Table 3.1)
90-55D0
M = Hu'(1 - cna( R, -dEgD M, =28593 f (Eq. 3.42)
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Problem 3.31

Determine the design speed used.

Since the ramp is a single 12-foot lane, center of roadway is center of traveled path

A=30 L=628 Mg:=134 (given)

using L and &, solve for R

L= " Ra R= 80
180 =4

R,=R  R,=3998

since Ms and Rv are known, we can use Equation 3.43 to find SSD

R=239948 (Eq. 3.39)

=R, [ (R, =My

S50 = 2501 ft

(1 Eq 3.43
) (Eq )

from Table 3.1, S5D for 35 mith is 250 ft - curve is designed for 35 mi‘h

Alternative Solution

since Ms and Rv are known, we can solve Equation 3.42 to find SSD

:’ f9p-85D M
M= FEu 1- cns; -deg | | (Eg. 3.42)

oy

S50 =2501 f

from Tahble 3.1, S50 for 35 mith is 250 ft - curve is designed for 35 mi‘h

Cornering Check

Vo= 35-1.4667 V=513

” _
for 35 mith, fo = 0155 (Table 3.5)

g =322

,U,E

e=— _f

gR, °

So this combination of speed, radius, and superelevation is OK

e=1004
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Problem 3.32

Determine a maximum safe speed to the nearest 5 mi/h.

A:=34 e:=0.08 (given)

PT:=12934  PC:=12350

L=PT-PC  L=584

since this is a two-lane road with 12-ft lanes, Mg :=20.3 + 1_2 Mg = 26.3

2
L-180
L= — RA R:= R = 984.139 (Eq. 3.39)
180 w-A

R,=R-6 R,=978.139

First, try 50 mi‘h

550 = 425 (Tahle 3.1)
i fg90-88D

Mg =R, 1-cos -deg || Mg=2299 (Eq. 3.42)
;'\-,\_ :-\.‘_ [ _;'I_;'I

23 ftis less than 26.3 ft so 50 mi'h is acceptable, but can speed be higher?

try 55 mi‘h

S50 = 495 (Tahle 3.1)
i fg90-88D

Mg =R, 1-cos -deg | | Mg=3115 (Eq. 3.42)
;'\-,\_ :-\.‘_ - _;'I_;'I

this value is greater than 26.3 ft, therefore 50 mi‘h is the design speed

Check values vs. Table 3.5 - Minimum radius for e=008 is 760, R exceeds this value.
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Problem 3.33

Determine the distance that must be cleared from the inside edge
of the inside lane to provide adeguate SSD.

V is 70 mi/h
SSD =730 (Table 3.1)
R, = 2050 (Prob. 3.29)
90-SSD
Mg = RV-[l - cos( -degjj (Eg. 3.42)
e -RV
Mg = 32.41

To inside edge of inside lane (subtracting 1/2 of lane width)

Mg —5=27.41 ft
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Problem 3.34

Determine the design speed used to design the curve.

e =006 (given)
. . . 12

since the road is four-lane with 12-ft lanes, Mg=52-12-— M;=34 ft

try 60 mi‘h

R, = 1340 (Table 3.5)

SSD = 570 (Table 3.1)
{ g0.28D0 Y

Mg =R, 1-cos -deg | | Mg=30134 (Eq. 3.42)
:_“- :"\. - _,'I_,'I

this is less than the required distance, try again

try 70 mi‘h

R, = 2050 (Table 3.5)

SSD = 730 (Table 3.1)
i fg90-88D

Mg =R, 1-cos -deg | | Mg=32408 f (Eq. 3.42)
;'\-,\_ i‘.‘- - Jll-}ll

this is less than the required distance, try again

try 80 mi‘h

R, = 3060 (Table 3.5)
790850

Mg =R, 1-cos — -deg | | Mg = 33.765 ft (Eq. 3.42)
:_“- :"\. [ _,'I_,'I

this rounds to 34 ft, therefore the design speed is 80 mi‘h
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Problem 3.35

Determine the length of the horizontal curve.

Gy=1 Gy =3 (given)
Lg =420 A =37 e :=0.06
M\
As:=|Gp - G Ag =2
LS
Kg:=— Kg =210 (Eq. 3.10)
AS
safe design speed is 75 mi/h (K = 206 for 75 mi/h) (Table 3.3)
Ry1:=2510 or (Table 3.5)
V =75 f. :=0.09
MW S
(V -1.467)°
' Ry = 2506.31 (Eq. 3.34)

27 3221+ ¢

since the road is two-lane with 12-ft lanes, R:=R. . + 1_2 R = 2516

MV vl 2
L= —RA L-162476  ft (Eqg. 3.39)
M180
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Problem 3.36

Determine the station of the PT.

Gy=-25 Gp=15 A=|Gy-Gq| A=4  K:=206 (given)
A =38  :=0.08 PVT := 2510

MA
Li=K-A L=824 (Eq. 3.10)

PVC =PVT-L PVC =1686
PC:=PVC -292 PC =139

Ry :=2215 (Table 3.5)

since the road is two-lane, 12-ft lanes

12
R:=R,+ — R=2221 ft
MV vV 2
R-A
L=t L=1473.02 ft (Eq. 3.39)
™ 180

PT:=PC+L PT=2867.02 stapr =28 + 67.02
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Problem 3.37

Design the ramp and give the stationing and elevations of the PC, PT,
PVCs, and PVTs.

(given)
D=80 a4a=90
using D, solve for R
15000
R= 5 R=T716.197 (Eg. 3.35)
From Table 3.5, maximum design speed for this radius is 50 mifh
:'-j_ ﬁ'l
T = R-tan| E-deg: T=T716.197 (Eg. 3.36)
|~1- -}II
L=— RaA L = 1125 (Eq. 3.39)
180
calculate the elevations of the ramp connections using T and the grades
Ga
elevgyy = 150 + T-m elevgyy = 165.61
G4
elevyg =125 -T-— elevy g = 146.486
100
Ky =96 (Table 3.3)

E|E'I.-'Ew— eIeuNS
- )

5= 100 5=13495

calculate the lengths of the two sag curves using Equation 3.10

Aq = |Gy~ G| Aq = 6495 Ay = |G- Gy Ag = 1.505

L= Kg-As L4 = 623564 Ly = Kg-Ag Ly = 144 436

calculate the length of the connecting grade

(Ly + Lo)
. Ld L

con= -7 5 con=T741 *#

L
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finally, calculate the station and elevation of all P%vCs, PvTs, PCs, and FTs

PC:.=1500 15 +00

(given)
PT=PC+L PT = 2625 7 + 25
Ly
PVCg=PC - = PVC, = 1188.218 11 +88.2
Ly
PVTg=PC+ = PVT, = 1811.782 e—
PVCs2= P¥Ts + Lean PVC o = 2652.782 95 4598
Lo
PVTgp = FT+ = PAT o = 2697218 e
elex-'pc = eIevNS elex-'pc = 146.485
eleva = elevEW elexrp-r= 185.81
L1 Gy
E|E'-.-'|:u~.v.-|35 = elevpc - ?ﬁ E|E'-.-'|:u~.v.-|35 = 155.839
L 5
elevag = eleupc + ?ﬁ elevag = 157.384
=
E|E'l.l'|:r-.v.-'|352 = ElE"-"pWS + LCDT‘I'E E|E'l.l'|:r-.v.-'|352 = 183.286
Ly Gz
elevagz = eleva + E ﬁ elevagz = 188.421
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Multiple Choice Problems

Determine the elevation of the lowest point of the curve.
D Problem 3.38
Gy :=-4.0 Gy:=25 L =4 stations (given)
c:=500 ft
M

stationing and elevation for lowest point on the curve

d Eq. 3.1
Y . (2ax+b)=0 (Ea.3.2)
dx
Eq. 3.3
b:=-4.0 (Ea )
Gy -G Eq. 3.6
a:= a=0.813 (Eq )
2-L
- Eq. 3.1
X:= ] X =2.462 stations (Eq )
2-a
Lowest Point stationing: (100 + 00) + (2 + 46) = 102 + 46
Lowest Point elevation: y = a.(xz) +bx+c y = 495.077 ft (Eq. 3.1)
___________________________________________________________ '
Alternative Answers:
1) Miscalculation Y=492.043 ft
. G -G .
2) Miscalculate "a" a=-0.813 Station = 102 + 46

a:=
e 2-L

Y= a-(xz) +b-x+c y=485231 ft

3) Assume lowest point at L/2 Station = 102 + 00

Xi=2 Y= a-(xz) +b-x+c y=49525 ft
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Determine the station of PT. Problem 3.39

52111 ,
T,=1200 ft p = 2021180 (given)
T
Calculate radius
T
R,= R = 4500.95 ft (Eq 3.36)
A g
tan — [-de
w39

Solve for length of curve

L= —RA L=234544 ft (Eq 3.39)

M180

Calculate stationing of PT

stationing PC = 145 + 00 minus 12+00 = 133 + 00

stationing PT = stationing PC + L

=133 + 00 plus 23 + 45.43 = 156 + 45.43

Alternative Answers:
1) Add length of curve to stationing PI
stationing PT = 145 + 000 plus 23 + 45.43 = 168 + 45.43

2) Use radians instead of degrees

-
R=——— R = 4500.95 ft
mw 0.5211

tan| ——

2

T
L:=—R-0.5211 L=4094 ft
M180

stationing PT =133 + 00 plus 40 + 94 = 173 + 94

3) add half of length to stationing PI
stationong PT = 145 + 00 plus 11 +72.72 = 156 + 72.72
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Determine the offset. Problem 3.40

G1:=55 % Gy:=25 %  x:=750 ft | :=1600 ft (given)

determine the absolute value of the difference of grades

Ai=]G1- G A=3

determine offset at 750 feet from the PVC

Y= — X Y =5.273 ft (Eq 3.7)

Alternative Answers:

1) Use Y, equation.

A-L
= Y,=6 ft (Eq 3.8)
M™ 800 m
2) Use Y; equation.
A-L
Ypi=—"c Yp=24 ft (Eq 3.9)
200
3) Use 0.055 and 0.025 for grades.
$1,=0.055  Go:=0.025
A=[61- G A=0.03
Y::Lx2 Y = 0.053ft
MV 200L
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Determine the minimum length of curve.

Problem 3.41
5280 ft .
=65 —— — G =15 =-2.0 (given)
" (3600) s 1 ©
ignoring the effect of grades
using Table 3.1, SSD for 65 mi/h would be 645 ft (assuming L > SSD)
SSD:=645 ft (Table 3.1)
A= |61 G A =350
A-SSD?
L= Ly, =674.74 ft (Eq. 3.15)
2158
674.74> 645
_________________________________________________________ '
Alternative Answers
1) assume L < SSD
2158 (Eq. 3.16)
/\Ile/:: 2-SSD — T Lm =673.43 ft

2) Misinterpret chart for 70 mi/h

2
SSD := 730 . ASSD

: Ly, = 864.30 ft
A 2158

e

3) Assume SSD is equivalentto L,

SoD =645 L:=SSD  therefore Ly, = 645.00 ft
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Determine the stopping sight distance. Problem 3.42

5280 ft 3 :
- 35.22% — G:i=— (given)
1 3600 s M 100
ft ft
a:=112 — =322 — t:=25s (assumed)
32 32
Determine stopping sight distance
V12
SSD i= —————— + V't SSD = 257.08 ft (Eq3.12)

Alternative Answers:

1) Assume grade is positive (uphill)

2
Vi
SSD.:= ————— + Vi t, SSD = 236.63 ft

NWWW\
g

2) Use g = 9.81 m/s 2 instead of g = 32.2 ft/s 2

m
=081 —
/g/‘ 2

S

§SDi=—————— + Vyt, SSD = 249.15 ft
a
26(2 - o)
g

3) Miscalculation

SSD :=254.23 ft
NRARVA
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Determine the minimum length of the vertical curve. Problem 3.43

G =40 Gy=-20 Hy:=60 ft Hy=40 ft

(given)
2
S =450 ft V::40~ﬂ) T
A i 3600 s
Calculate the minim length of vertical curve
A= |G1-G
200( [Hy + /HZ)Z
Lpy=2S— Ly, = 240.07 ft (Eq3.14)
A
________________________________________________________ .
Alternative Answers:
1) Use equation 3.13
A-s
L Ly = 306.85 ft (Eq 3.13)

) 200(\/W1+ \/WZ)Z

2) Use AASHTO guidelines for heights and equation 3.13

m:: 35 ft u&:z 2.0 ft

2
L= AS Ly, = 562.94 ft
200( JAL \/WZ)Z
3) Solve for S and not L,
=450 ft
2
S tm * 200(\/2?1 - JWZ) S =1304.15 ft
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