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Terrain Effects on Route Location

Earthwork is costly

o Attempt to minimize
amount of earthwork
necessary

Set grade line as close as
possible to natural ground
level

Set gr'ade line so there is a http://www.agtek.com/highway.htm
balance between excavated

volume and volume of

embankment




Earthwork Analysis

o Take average cross-sections along the
alignment (typically 50 feet)

o Plot natural ground level and proposed
grade profile and indicate areas of cut

and fill

o Calculate volume of earthwork between
cross-sections
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Average End Area Method

o Assumes volume between two consecutive
cross sections is the average of their areas
multiplied by the distance between them

V=L(A; + A,)-H4

V = volume (yd3)

A;and A, = end areas of cross-sections 1 & 2 (f12)
L = distance between cross-sections (feet)



(a) Fill

Source: Garber and Hoel, 2002
. 6

(c) Fill and cut



Shrinkage

o Material volume increases during
excavation

o Decreases during compaction
o Varies with soil type and depth of fill




Swell

o Excavated rock used in embankment
occupies more space

o May amount to 30% or more




Computing Volume (Example)

Shrinkage = 10%, L = 100 ft
Station 1.

Cut Area = 6 ft2

\Fi“ Area = 29 ft2
Cut Fill Ground line




Computing Volume (Example)

Shrinkage = 10%

Station 2: Cut Area = 29 ft2
< Fill Area = 5 ft2
o

\MK Ground line
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Veur =L (Ageyr + Age) = 100 f1 (6 £12 + 29 f1%) = 64.8 yd?
54 54

54 54

1



Fill for shrinkage = 63.0 * 0.1 = 6.3 yd3
Total fill = 63.0 ft3 + 6.3 f13= 69.3 yd?
Total cut and fill between stations 1 and
2 =69.3 yd fill - 64.8 yd3 cut = 4.5 yd?®
fill

*note: no allowance made for expansion
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End Area Yolume Net Volume
Total Total Total Total Shrinkagd Adjusted
Station Cut Fill Cut Fill 10% | Fill Fill Cut
6.0 29.0
29.0 5.0 64.8 63.0 6.3 69.3 —4.5
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Mass Diagram

o Series of lines that shows net
accumulation of cut or fill between any
2 stations

o Ordinate is the net accumulation of
volume from an arbitrary starting point

o First station is the starting point
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Estimating End Area

Station 1:

Cut
Fill Ground line
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Estimating End Area

Station 1: Fill Area = ¥ Shapes

Cut

Ground line
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. Calculate Mass Diagram Assuming Shrinkage = 25%
Station |End Area (ft*2) Vol Vol Adjusted |Mass Diagram
Cut Fill cut (yd) |Fill (yd) |Fill (yd) Ordinate

40 0
140 20
160 25

60 116

17




Calculate Mass Diagram Assuming Shrinkage = 25%

Station End Area (ft"2) Vol Vol Adjusted |Mass Diagram
Cut Fill cut (yd) |Fill (yd) |Fill (yd) Ordinate
0 40 0|, . .
| 3333[]] 37.0||
1 140 20|" " !
2 160 25
3 60 116

Volume,,, = 100 ft (40 f12 + 140 f12) = 333.3 yd? cut

Volume,;, = 100 ft &A() f12 + 0 f+2) = 37.0 ydS3 fill

54
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Calculate Mass Diagram Assuming Shrinkage = 25%

Station |End Area (ft"2) Vol Vol Adjusted |Mass Diagram
Cut Fill cut (yd) |Fill (yd) |Fill (yd) Ordinate
0 40 0] I |
333.3 37.0] | 46.3] |
1 140 20 | |
2 160 25
3 60 116

Volumey;, = adjusted for shrinkage = 37.0 yd * 1.25 = 46.3 yd?3
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Calculate Mass Diagram Assuming Shrinkage = 25%

End Area (ft*2) Vol Vol Adjusted |Mass Diagram
Cut Fill cut (yd) |Fill (yd) |Fill (yd) Ordinate
0 40 0 I
333.3 37.0 46.3 | 287.0
1 140 20 L
2 160 25
3 60 116

Total cut = 333.3 yd3 - 46.3 yd3 = 287.0 yd3
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Calculate Mass Diagram Assuming Shrinkage = 25%

End Area (ft*2) Vol Vol Adjusted |Mass Diagram
Cut Fill cut (yd) |Fill (yd) |[Fill (yd) Ordinate
0 40 0]
333.3 37.0 46.3
1 140 20 287.0
|555.6 83.3 104.2 I
2 160 25 | |
3 60 116

Volume,,, = 100 ft (140 12 + 160 f12) = 555.6 yd® cut

Volume,;, = 100 ft (205#r2 + 25 ft2) = 83.3 yd3 fill

Volume,; = adjusted¥or shrinkage = 83.3 yd * 1.25 = 104.2 yd?
Total cut 1 to 2 = 555.6 yd? - 104.2 yd3 = 451.4 yd?
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Calculate Mass Diagram Assuming Shrinkage = 25%

End Area (ft*2) Vol Vol Adjusted |Mass Diagram
Cut Fill cut (yd) |Fill (yd) |[Fill (yd) Ordinate
0 40 0]
333.3 37.0 46.3
1 140 20 287.0
5556 83.3 104.2 I
2 160 25 ! 738.4
3 60 116

Total cut = 451.4 yd3 + 287 = 738.4 yd?3
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Calculate Mass Diagram Assuming Shrinkage = 25%

Station |End Area (ft*2) Vol Vol Adjusted |Mass Diagram
Cut Fill cut (yd) |Fill (yd) |Fill (yd) Ordinate
0 40 0
333.3 37.0 46.3
1 140 20 287.0
555.6 83.3 104.2
2 160 25 738.4
407 .4 261.1 326.4
3 60 116 819.4

Final Station
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Mass Diagram
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Mass Diagram

1000 -

bl Staffion 3:
ume = T 1 netl|volume =

=

200 BT T894 e

600 /
400 ,/ \\
o N

200 ?a%[;eﬂ -—
/ net volume = \'\
0

287104 ¥3
0] 1 ? K

Net Cumulative Volume (C.Y.)

-200

-400

Station

—e— Series1




1500 l'—
[;l
(06— ration Balance point: balance
~ of cutandfitt——
—g 3, 4 Station ' '
o 500} Vol.=+675 cu. < + 20 A Clnd D
s AT D' and E
= an
5 e : J t-‘% lr~\é'—f
>O Station/‘// Dy S . ’ N Gnd M
2 9+60 | 4
=
=
(] J K
—1000 | : :
note: a horizontal line
B' C defines locations
~1500_ 2 ;g ",) ]16 : ’]o where net
Stations i accumulation between
Mass Haul Diagram for Computation Shown in Table 15.1 Th,e:TesTgo balance
points is zero
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1500 —
[71
Station
1000 — 11 + 20

g L Station
: 500 Vol.= + 675 cu. yds 16 + 20
= N s M
2
(] ’ o
g O . { % / | 1 \b i
o . D' ! 7 o |
= Station. A Stati
Q 9+ 60 . ol
= 17 + 63
= 500
-
S
] J K

— 1000 —

B' Cwl
—1500 | I | | J
0 4 8 12 16 20
Stations

Mass Haul Diagram for Computation Shown in Table 15.1

Locations of
balanced cut and fill

JKand ST
ST is 5 stations long
[16 + 20] - [11 + 20]
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Special Terms

Free haul distance (FHD)- distance earth is moved
without additional compensation

o Limit of Profitable Haul (LPH) - distance beyond
which it is more economical to borrow or waste than
to haul from the project

o Overhaul - volume of material (Y) moved X Stations
beyond Freehaul, measured in s’ra—yd3 or sta-m3

o Borrow - material purchased outside of project

o Waste - excavated material not used in project
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Mass Diagram Development

1) Place FHD and LPH distances in all large loops

2) Place other Balance lines to minimize cost of
movement
Theoretical; contractor may move dirt differently

3) Calculate borrow, waste, and overhaul in all
loops

4) Identify stations where each of the above
occur

31



Mass Diagram Example

o FHD = 200 m
o LPH=725m
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Between
Original Ground ‘ STG-‘-iOnS O + OO
7 and 0 + 132, cut

+210 118800 m# . .

o Waste’M Length of Economical Haul = 725 m I\Bo:t:ow =210 m3 d'STance |S Iess
Balance Point Balance Point

—500 0+ 132 0 + 907 Than FHD Of

OH = 226 x 200 =

~1000 |— 1900 / 200 m

1500 .
¢ 1000|870 and fill equal
% 56 _oC_'+G'1 660 x 380 = eGCh OTher‘,

45 200 m*4 ];(
_i&00 C.G.0+964 ERD =
—1400 200 m (o
+
PO I e e e Pl 5 & 1
< o o o o o o o o o [ = o >
(=] (=] o o o o o o o o (] o o
o L o~ oD <t Lo o ~ [ee] [e)] o . o~
+ + + + + + + + + + + + +
o o o o o o o o o o - -—

~ Note: definitely

FIGURE 13-8 Example mass diagram. (NOTE: The numbers used he

are for illustrative purposes only and may not be representative o NOT 1'0 Scalel
values used in engineering practice.)

Source: Wright, 1996 33



Original Ground

Between Stations O +
- 132.and 0 + 907, cut
and fill equal each

//’
—

INlAt A Qralal

”

1500

0+ 379

S I o g o°/*5“°/EI°mica' o other, but distance is
2 o/ | Trasooms v a greater than either
3 Waste Length of Economical Haul = 725 m Borrow = 210 m3
] t Balance Point Balance Point /r FHD Of 200 m Or‘ LPH
—500 0+ 132 0 + 907

OH = 226 x 200 =

; of 725 m
il ca ﬂ'vw B2 < ¢ Distance = [0 + 907] -
~2000 i [O + 132] 775 m

FIGURE 13-8 Example mass diagram. (NOTE: The numbers used here
are for illustrative purposes only and may not be representative of
values used in engineering practice.)

Daveaia: 19NN AR

0+000
0+100 —
0+200 —
0+300 —
0+400 —
0+500 —
0+600 —
0+700 —
0+800 —
0+900
1+ 000
1+100
1+200

Source: Wright, 1996 34



5
oremaicrons | Between Stations
S
£ 0+179 and 0 + 379,
- d fill equal
¢ 1000|2570 cut and Till equa
B C.G. OH =
§ 500_0+160 660 < 380 = eaCh ther'
2 210/ | 118800 m* :
S o Waste i 1 Length oflEconomical Haul = 725 m T/\Boi{ow=210 m?3 2 dis-‘—ance - FHD Of
Balance Point Balance Point o
-500 0+ 132 0 + 907 .8 200 m
=
SHO00. == ~1200 £
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FIGURE 13-8 Example mass diagram. (NOTE: The numbers used here
are for illustrative purposes only and may not be representative of
values used in engineering practice.)

Source: Wright, 1996 35



New Grade Line

1500 — 0+ e T —

0+ 379

Original Ground

(Not to Scale)
Elevation (m)

__ Between Stations
O + 142 and
O + 867, cut and

Borrow = 210 m?3 fi” equal eaCh

Limit of Bconomical Haul
g 1000 +870 0 + 540
g C.G.
0+ 16 660 x 380 =
500 —

2 510 118800 m? _ = v
(&) o Waste Length of Economical Haul = 725 m

Balance Point Balance Point ,1\

—500 0+ 132 0 + 907

—-1000 —— —1200

OH =226 x 200 =

other, distance =
LPH of 725 m

s M4 | o
S C.G.0 + 964 45 200 m
¥ et —-1400 W i
| |+ 190
—-2000

Borrow 1200 m?

0+000

0+100 —
0+200 —
0+300 —
0+400 —
0+500 —
0+600 —
0+700 —

1+300

FIGURE 13-8 Example mass diagram. (NOTE: The numbers used here
are for illustrative purposes only and may not be representative of

values used in engineering practice.)

Source: Wright, 1996 36



1500

1000

500

o)

-500

—-1000

| +870
C.G

+210

—\
— —

0 + 540 Limit of Economical Haul

G. OH = .G o/
0+ 1609 | 660 x 380 =
118800 m?* — v
Length of Economical Haul = 725 m Borrow =210 m?3
Balance Point Balance Point 4\
0+ 132 0 + 907 OH = 226 x 200
—-1200

. e SR AR 200 Mm4E |

Material between Stations O + 132 and O + 42

becomes waste and material between stations
O + 867 and 0 +907 becomes borrow

Source: Wright, 1996 37



660 < 380 =
118800 m*4

OH =

g

P i (0

I\ Borrow = 210 m3

Length of Economical Haul = 725 m
Balance Point Balance Point
0+ 132 0 + 907

—-1200
C.G.0+964
—-1400

A

OH =226 x 200 =

§ .45 200 m4 L

Borrow 1200 m3

-
(@ Y

= C.G.
E 500 0+ 160
=2 +210 N
(&} o Waste ﬁ
-500
—-1000 I——
-1500 ——
—2000 |
o o
o S
o -
+ -
o o

0+200 —

0+300 —
0+400 —
0+500 —
0+600 —
0+700 —
0+800 —

o
o
(o>}

+
o

1+ 000

Between Stations 0 + 970 and 1 + 170,

cut and fill equal each other, distance =

FHD of 200 m

Source: Wright, 1996
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OH =

g

B C.G.
= 5o |0+ 1607|660 x 380 = :
(&} o Waste Length of Economical Haul =725 m Borfow =210 m3
Balance Point Balance Point 'I cE>
-500 =
e ® o OH =226x200= +—
=
—1000 —— 2
—-1200 % o =
1500 — C.G.0 +964 45200 m* L~
i <1399 .G.1
I I I I I | I | I 190
—-2000
o o o o o o o o o o - = = —
o o o o o o o o o o o o o o
o - ~ 123 53 T3] © ~ I5e) > S = S S
=) -+ -+ = -+ + -+ -+ + -+ + G + +
o o o o o o o o o o -— e el s

Between Stations O + 960 and 1 + 250,
cut and fill equal each other, distance is
less than LPH of 725 m

Source: Wright, 1996



g

C.G.\/‘ OH =
0 + 160¢ (660 x 380 =
500 [—

1210 118800 m*

e ¥

Cubic Met

o Waste Length of Economical Haul = 725 m Borrow = 210 m3
Balance Point Balance Point Ir
-500
0+ 132 0 + 907 OH = 226 x 200 =
—-1000 —
-1200

-1500 [—

Borrow 1200 m3

0+ 000

0+100 —
0+200 —
0+300 —
0+400 —
0+500 —
0+600 —

Project ends at Station 1+ 250, an
additional 1200 m3 of borrow is required

Source: Wright, 1996

C. G.0 + 964 2200
-1 400/\2\00/,“/ C.
—2000 | 1 i=
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Volume Errors

o Use of Average End Area technique
leads to volume errors when cross-
sections taper between cut and fill
sections. (prisms)

o Consider Prismoidal formula
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Prismoidal Formula

Volume = (Al"' 4A + A2)/6 L

Where A; and A2 are end areas at ends
of section

Ay, = cross sectional area in middle of
section, and

L = length from A; fo A,

m 1S based on linear measurements at
The middle
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Consider cone as a prism

o Radius = R, height = H

End Area 1 = mR?

End Area2= 0

Radius at midpoint = R/2

Volume =((m R2+4m(R/2)?+ 0)/ 6) * H
= (mR¢/3)* H

O O O O O
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Compare to "known" equation

o Had the average end area been used
the volume would have been

o V=((mR2)+0)/2*L (or H)

o Which Value is correct?
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Class application

O

Try the prismoidal formula to estimate the
volume of a sphere with a radius of zero at
each end of the section length, and a Radius R
in the middle.

How does that formula compare to the "known"
equation for volume?

What would the Average End area estimate be?
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Disclaimer

o This document does not claim any originality and cannot be used as a
substitute for prescribed textbooks. The information presented here is
merely a collection by the author for their respective teaching
assignments. We would like to acknowledge various sources like freely
available materials from internet from which the lecture note was
prepared. The ownership of the information lies with the respective
authors or institutions. Further, this document is not intended to be
used for commercial purpose and the author is not accountable for any
issues, legal or otherwise, arising out of use of this document. The
author makes no representations or warranties with respect to the
accuracy or completeness of the contents of this document and
specifically disclaim any implied warranties of merchantability or
fitness for a particular purpose.
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