
^C.

^JfT lt Ptane Surveying

l. Boundary and traverse lines bounding an irregular
area are shown.

trarierse 30 ft 30 ft 30 ft 30 ft 30 ft
line

The total area between the irregular boundary and the
traverse line is most nearlv

(A) 3600 ft2

(B) 3Soo ft2

(c) 4ooo ft2

1o; azoo rt'

2. Global positioning system (GPS) Iatitudes and long-
itudes were taken of a plot of land. In the region where
the plot is located, the length of a degree of latitude is
364,320 ft, and the length of a degree of longitude is
248,L60 ft.

N 47.3116'
E122.8163' N47.3118"

B E122.8184"
c

N 47.3105"
E122.8162"

:lg{i$irrl D
N 47.3104'
E 122.8183'

1"E1248,160 ft -->

What is most nearly the area of the plot?

(A) 5.0 ac

(B) 5.1 ac

(C) 5.3 ac

(D) 5.4 ac

3, The illustration shows a curve from r - 0 to r: 6.

123456
Using intervals of 1, what is most nearly the area under
the curve predicted by Simpson's % rule?

(A) L4

(B) 15

(c) 16

(D) t7

4. A polygon is created by enclosing lines as shown.
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Using an interval of 1, what is most nearly the area of
the polygon predicted by the trapezoidal rule?

(A) 15

(B) 16

(c) L7

(D) 18
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48-2

5. Which statement(s) concerning methods used to
determine areas under a curve or line is/are true?

I. The trapezoidal rule applies to areas where the
irregular sides are curved.

II. Simpson's l/e rule only applies to an odd number
of segments.

m. The area by coordinates method can be used if
the coordinates of the traverse leg end points are
known.

(A) I only

(B) III only

(C) I and III
(D) I, II, and III

l. The trapezoidal rule is

area: -(r* i hz * hz * h+* nr)

(34ttt23ft+2rft \:(3oft) | 2 
|

\ +23ft+29ft,+3rft/
:3975 ft2 (4000 ft2)

The answer is (C).

2. Use the area by coordinates method to find the area
of the plot.

xe(Ys - vn) a xa(Yc - Ye)

a Xc(Yn - YB)

a Xn(Ya- Yc)
2

(L22.8L62") (47 .3L16' - 47 .3104')

+ (r22.8L63') (47 .31 18' - 47.3105")

+ (L22.8r54")(47 .3104' - 47.3LL6')

+ (122.8183")(47.3105" - 47.3118')
,

- -2.62 x 10-6 deg2

Use the lengths per degree of latitude and longitude to
convert the angles to distance.

(-z.oz x ro-6 a"s,)(zaa,roo #) (soa,szo *)
8,560 y

ac

area:

:5.44 ac (5.4 ac)

The answer is (D).

3. There is an even number of intervals, so Simpson's
% rule can be used. Use the graph to determine the
measurement at each value of. r. The starting measure-
ment is at r : 0. That is, h1 : ).
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PLAl{E SURVEYII{G 48-g

The area under the curve using Simpson's % rule is The area under the bottom line is

&f€&56trtrep - ,(ht t n' i hz * hs -f h++ hs + ha)
\z/

: (1) e++1+1*9+ 1+ 1)-/\ 2 3'4'4'^ ' -)
:4.333

The area of the polygon is

afea: &f€&1ep - &f€&6etr1ep

: 2L - 4.333

: L6.667 (r7)

The answer is (C),

5. The trapezoidal rule is applicable to areas where the
irregular sides are straight or nearly straight. Option I is
false. Simpson's % rule is applicable to areas whose
irregular sides are curved, but applies only to an even
number of segments (i.e., an odd number of segment end
points). Option II is false. The area by coordinates
method calculates the traverse area using the coordi-
nates of the leg end points. Option III is true.

The answer is (B).

/ n-r
+41 I

\k:2,4,..

'/n-2
,(h' + zl I' \,t:3,5,. ^)

nr) + n-)
area:

:

3

(1)(2 + Q)(4 + 1) + (4) (4 + 2+ z) + r)

_15

The answer is (B).

4. The area of the polygon can be determined by sub-
tracting the area under the bottom line from the area
under the top line.

Since the common interval is 1, there will be seven
height measurements (i.e., n -- 7).The height of each
trapezoid can be determined as shown in the figure.

4
4

The area under the top line is

&r€&16p : '('* * hz-r hz * h+* 7r, + nu)

: (1)(ry + 3.5 + 4 +8.7b + s.5 + 8.25)

:27
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Geometric Design

point of curve,
LC, as shown.

PRACTICE PROBLEMS

l. A horizontal curve is laicl out rn'ith the
PC. stzrtion and thc lerrgth of lorrg chord,

sta i0+46
PC

The elevation of thc lowest point on the verticerl curve is
nrost nearly

(A) 2420 fr

(B) 2430 ft
(c) 2,140 ft

(D) 2450 ft

4, A 6o curve lias fbrward and back tanqents that inter-
sect at sta 14+87.33.

Thc sttrtiorr of the point of curve. PC, is rnost nearly

(A) sta 5+32

(B) sta 9+93

(C) sta 11+28

(D) sta 13+92

I:104"36', t
,.-------*/---1 ././\

v

is rnost rieiirlv'I'lur r:rrliris of the curvc

(A) 520 ft

(B) 560 ft

(cr) 620 ft
(D) ri70 fr

2. A fl'crerva)' rorrtc has ar liorizontal curve with a PI at
sta 11*01.86. :irr intcrsectiorr arrglc. I, of 12"24'00" right,
trrrcl a raclirrs of t760 ft. The PC is located at

(A) sta 9+1t)

(B) sta 9+22

(C) sta 10+11

(D) sta 10+21

3. A l'crticai sag curv(: irtrs a lengtli of B sta ancl con-
rrccts a -'2.0'1, gracle to a 1 .601, verltcal grerde. The PVI
is locatecl at sta 87+00 a,nrl has an elevation of 2438 ft.

PVI - sta 87+00
PVI elevation : 2438 ft

L-8sta
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49-2

5. A horizontal curve is laid out with the point of curve,
PC, station and the iength of long chord, LC, as shown.

SOLUTIOITIS

l. The intersection angle, d in decimal degrees is

I : ro4" * 36 min : 104.6'
^^ mlno' 

a"*

The radius of the curve is

LC 820 ft: 

- 
104'6.ozsln 

-
2

R-
2sin !

2

The curve radius, -R, is 620 ft. With stationing around
the curve, the stationing of the point of tangent, PT, is
most near to

(A) sta 6+20

(B) sta 10+42

(C) sta 14+02

(D) sta 14+64

: 518.18 ft (520 ft)

The answer is (A).

2. Convert the intersection angle to a decimal vahie.

I : r2o * 24 min : r2.4"
60 +!1

oeg

The tangent length is

T: R,un {
2

: (7760 ft)tan (ry)
: 191 .20 ft

The PC is located at

staPC:staPI-T
: 1101.86 ft - 191 .20 ft
: 910 ft (sta 9+10)

The answer is (A).

3. The PVI is located at the curve's midpoint. The
elevation of the PVC is

Ypvc: Ypvr *tgrli
: 2438 rt + (o o2)(q!s) (roo l!-)

'\ 2 /\ st,a/

- 2446 fL

The distance from the PVC to the lowest point on the
curve is

Q'' L
em, 

- 9t-92
/ t+\

(-0.02)(8 sta)( too -r 
1\ sta/

-0.02 - 0.016
: 444.44 ft

\ 1: 96'18' /
4:- - .z'--->'- Qo)o{- ,'- -,/

,/ ,"=g80-Lt/ lv _---
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GEOMETRIC DESIGN 49-3

Deterrninc the elevation at the lowest point. 5. The intersection angle, d in deciniai degrees is

I : g6" * 18 rni' : 96.3'
60 +1!

cleg

The length of curve frorn PC to PT is

L: RI f +=)
\ 180" /

: (620 ft)(9rj.3',(#)
:1042.07 ft

Tire stationing of the point of tangerrt is

Y: Ypv6r

:2446

:244I.55 ft (24,10 ft)

The answer is (C).

4. The radins of the curve is

tsn.(T)*
ft + (-0.02)(4'14.44 ft)

( o u,o - i-,, 0?l 
) ,r,,*n ny,

\tzrtE 
sta)(tr, ,*)/

n lt729.lt9n: --T-:
: 954.93 ft

5729.58 ft-cieg

60

a clecirnal value.

35 sec

sta PT: sta PC + L

: 422 ft + 1042.07 ft
:1464 ft (sta 14f 64)

Corrvert thc intcrsection angle t<t

r ,,! , 2l lriu
r : I r -T- -------------- -r

^^ nllnUU,
(1eg

: 1 1.36'

The answer is (D).

(uu xr) (uu lll\
\"" rrrirr/ \"" ,f"g/

Tlie tangent lcngth is

T : Rr.r,, { : (g5+.g3 ft)ra'(11 it6")
2 \2 /

: 9'1.98 ft

The station of the point of culve, PC. is

sta PC: sta PI - T

: 1487.33 ft - 94.98 ft
: 1392 ft (sta 13 +92)

The answer is (D).
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Earthwork

PRACTICE PROBLEMS

1. Ealthu'ork clua.rrtitics fbr a sectiorr of roaciway indi-
catc :r tr':ursitiorr fi'orn fill to cut. The follorn'irrg areas are
scalr:rl frorn thc ltrint cross setctir-rns. Where there are
trtrnsitions betu'eerr cut arrd fill. the cut and fill roaclway
c'r'oss sectiorrs are botli triangular iri shape.

st rrtirirr c:rrt (ft2) +:tt l+t-l rrrrr \rr /

20+00 186-1..12

20+10.50 .169.88

20+21.50 154.1-1 103.66

20*28.15 696.75

20+10 2017.37

Thc total volunrc cif fill required fbl this section of roacl
is rnost nc:rrlv

(A) 11,000 ft;t

(B) 16.000 ft;t

(c) l9.ooo ft;r

(D) 2l .oo0 li't

2. Corrsirlcr thc bolro'uv pit grid sliorn rr. Existing exca-
vatitxr depths (irr f'eet) arer showrr for ea<:h corlter.

2.6 50 ft

50ft

2.7

50 fr

50ft

of tiris Lrorrou' pit is

3. The table represents the areas of cut and fill at three
consecutive roadway points (survey stations) along a
rural road pro.ject.

poirrr crrt (ftr) l"ill (ft2)

The anrount of borrou,' or
most nearly

(A) 27,000 ft;J borrow

(B) 240.000 ftr waste

(C) 250,000 ftriborrow

(D) 270,000 ft:r wastc

10+30
10+6t)
10+82

The total volurne of fill
is rnost nearly

(A) 3ooo ftil

(B) ,1e00 ft;r

(c) 59oo ft:r

(D) 720fJ f(

270
810
270

waste between the ooints is

126.5

160.7 50.6

505.0

required for this section of road

10+00 1600

20+00 0

30+00 1100

4. Earthwork quantities fbr a section of roadway indi-
cate a transitiorr frorn fill to cut. The following areas are
scaled from tlic print cross sections. Where therc are
trarrsitions between cut and fill, the cut and fill roadway
cross sections are both triangular in shape.

station cut (ft2) fill (ft'z)

3.3

Thc tottrl ruxkrrcut volunret
ncirrlv

(A) 1ll(X) vrl:l

(B) 1600 vclii

(Cr) 1900 vcl;l

(D) 210t1 vcl:i

rnost
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50,-2 FE CIVIL PRACTICE PBOBLEMS

SOLUTIONS

l. Earthwork volumes for fill areas and cut areas can be
calculated using the average end area formula. Since the
cut and filI areas are triangular in shape, earthwork
volumes in the transition region from fill to cut can be
calculated from the formula that gives the volume of a
pvramid.

For sta 20+00 to sta 20+10.50,

tr : 10.50 ft - 0 ft - 10.50 ft

The fill volume is

- / A, +.4r\
V'ritt : Ll+l

\2/

:12,,249.83 ft3

For sta 20+10.50 to sta 20+21.50,

L:2I.50 ft - 10.50 ft : 11.00 ft

Tire fill volume is

/r , r \
vn'r : L(At + az 

1

12)
: (11.00 ft)

: 3148.97 ft

68.88 f* + 103.66

Crrt is required at sta 20+21.50, but no cut is required at
sta 20*10.50, so a cut-to-fill transition occurs between
these two points. (The cut area could conceivably
decrease to zero at any point before sta 20*21.50, but
a reasonable assumption is that data was given at
sta 20*10.50 for a reason: that is the point where the
cut becomes zero.)

The cut area cross section is trianguiar at sta 20*21.50,
tapering to zero at sta 20+10.50, so the soil mass is
essentially a triangular-base pyramid on its side, with
the apex at sta 20+10.50. The "height" of this pyramid
is 11.00 ft. Calculate the volume of a pyramid of cut.

vct,: r(-*+-b*)
' ' -,4.14 ft2 \: (11.00 ft)( to ^'^ ^ ^" 

t\-----'l\ 3 )
: 565.18 ft3

For sta 20+21.50 to sta 20+28.45.

L: 28.45 ft - 21.50 ft

: 6.95 ft

Fill is required at sta 20+2I.50, but no fiil is required at
sta 20*28.45, so a fill-to-cut transition occurs between
these two points. The fill area cross section is triangular
at sta 20+2L 50, tapering to zero aI sta 20128.45. The
"height" of the pyramid is 6.95 ft. Calculate the volume
of a pyramid of fill.

, larea of base\/fill :n( 
:r /
/r n3.66 gz\: (6.95 ft){ iY:i""-:j- 

|' '\ 3 /
:240.15 ft3

The cut volume is

: (10.50 ft)(
)

468.88 ft+
2

1864.42 fr2 Tcrrt: r(^+t)
1)696.75 ftt

2

ft254.r4
(1(6.e5 ft)

ft2(!
I

.t

: 2956.84 ft3

For sta 20+28.45 to sta 20+40,

L: 40 ft - 28.45 ft
: 11.55 ft

The cut volume is

_/A,+.4,\
V',,ur: Ll#l

\2/

:15,674.04 ft:r

A table that summarizes earthwork volumes is rrow
made.

cut area fill area cut volume fill volunre
station (ft') (ft') (tt'') (ft')

(11 55 ft) (
,\:)2017,37 ft+

2

r, )It"696.75

20+00

20+10.50

20+2r.50 154.14

20+28.45 696.75

20+40 2017.37

12.249.83

565.18 31.18.97

103.66

2956.84 240.75

15,674.04

1864.42

468.88

total 19,196.06 15.638.95

Therefore, the total volume of filI required for this sec-

tion of road is 15,638.95 ft:t (16,000 ft3)

The answer is (B).
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EARTHWORK 50-3

2. Calculate the average depth of undercut by summing
the undercut depths at each of the corners arrd dividing
the total by the number of corners. Calculate the under-
cut volume by muitiplying the area by the average
clepth of undercut.

Ttre area of each full cell is

(50 ft)(50 ft) : 2500 ft2

The area of each triangular half-cell is

2500 ft2 :1250 ftz

The fill volumes are

/fill.rr,. I to 2 : t( A' t^ A'\
\2)

: (10 ,tu; (roo

: 540,000 ft3

l/fill,r,n2ro3 : t( O' 
: 

O'\
\tt /

*X 810 ft2t
2

ft"270

e , )It-810 ft2 + 270

Determine the total cut and filI voiumes.

cut: 7 - 800,000 ft3 + 550,000 ft3

: 1,350,000 ft3

fill: V :540,000 ft3 + 540,000 ft3

: 1,080,000 ft3

There is 1,350,000 ft3 - 1,080,000 ftn:270,000 ft:r more
waste than borrc-rw.

The answer is (D).

4. Earthwork volumes for fill areas and cut areas can be
calculated using the average end area formula. Since the
cut and fill areas are triangular in shape, earthwork
volumes in the transition region from fill to cut can be
calculated from the formula that gives the volume of a
pyramid.

For sta 10+30 to sta 10+60,

L:60 ft - 30 ft : 30 ft

The fill volume is

v r,\: I At t^ A'\
\2/

/. ftr/: (10 sta)(100 
.o-/ (

: 540,000 ft3

cell area
number (ft')

average depth
of undercut volume

(ft) (ft")
I

2

,f
/1+
r
r-l

6

The total volumc is

2500

7250
2500

2500
2500

2500

2.95

2.90

2.88

2.60

2.00

1.93

total

7375
3625

7200
6500

5000
4825

34,525

t/ . _34,525 IL3
y l0lill _ ,)

/^ ft \"tJ .l
\ Yd/

: 1279 ydr (1300 yd3)

The answer is (A).

3. Use the average end area method. The points are
10 statioris apart. 100 ft stations are used. The cut
voiurnes are

y.u,,r,o l ro2 : t'( A' ! A'\-\ 2 )
: (10 sta) (roo

: 800,000 ft3

/ ,q,, + Az\
l"'"u,.r,,2toll : t\-f 

)
: (10 sta)(too l!-) f\ sta/ \
: 550,000 ftir

ft\
ttt/

+0 ft2
o, )n-600

(r

00 ft211

2

0ft2+

26.5 f*(t(30 ft) 50.6 ft2\

-)

2

2656.5 ft3

Cut is required at sta 10+60, but no cut is required at
sta 10+30) so a cut-tofill transition occurs between these
two points. (The cut area couid conceivably decrease to
zero at a point before sta 10+60, but a reasonable
assumption is that data was given at sta 10+30 for a
reason: that is the point where the cut becomes zero.)
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50,-4 FE CIVIL PRACTICE PROBLEMS

The cut arela cross sectiorr is triarrgular at sta 10*60.
tapering lo zero at sta, 10+30, so the soil mass is essen-

tialiv a triangular-base pvramid on its side, with the
apex at sta 10+30. The height of this pvramid is 30 ft.
Calculate the voiume of a pvramicl of cut.

,, , /at'ea of base\lcur:"\ 
:f /

,n,\. ,(too.zft2\
-(JUrr,) [ . I

\3/
: 1607.0 ft3

For sta 10+60 to sta 10+82.

L:82 ft-60 ft--22ft,

Fill is required at sta 10+60, but is not required at
sta 10*82, so a fill-to-cut trarrsition occurs betweerr
these two points. The fill area cross section is trian-
gular at sta 10+60, tapering to zero at sta 10*82. The
height of ther pyramid is 22 ft. Calculate the volume of
a pyramid of fill.

-- 7322.7 ft:'

A table that sumrnarizcs carthwork volunres is rrow
made.

The cut volumc is

',,,,t: 
,(tjr)

: (22 ft) (
160.7 505.0 ft2t

2

ft,t

cltt area,

station (i1')
cut vohunc fill vohuru.

(fi') (ft")
fill area

(ft')
10+30
10+60
10+82

160.7

IU5.(l

12ti.lr

Dt,.b

totai

2656.5

1607.0 :171.1
"7').),) "7l.)LL, I

8929.7 :1027.6

Tirerefore. the total volume of fill rercluirecl for this sercr-

tion of road is 3027.6 ft3 I3OOO ft3;.

The answer is (A).

vn':r(t*P*)
: (22 r,, (ro'o rt'\'--"'\ 3 )
:37L 1 ft3
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