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ABSTRACT

An integrated method for determination of the areas from cross-sections of one level
section, two level section and three level section was followed. The cases of section of
cut only, fill only and partly cut and partly fill sections with their combinations
between different types of cross-sections are considered to be fifiy-eight cases. From
these cases five main half sections generalize the calculation of the areas and the
combination between them recovers all fifty-eight cases of the sections. Calculation of
areas was performed using graphs and tables with simple multiplication and

additions.

INTRODUCTION

The method for determination of volumes
from cross-sections is the most widely used
in engineering projects for all types and lends
it self particularly well to route projects,
roads, railways, waterways..., etc. The cross-
sections are taken on lines at right angle to
the main job centerline.  Volume
determination requires at first place,
determ nation of cross-section areas, to be

Shapes of Cross-Sections

Cross-sections may be divided into four
types with the respect to the existing natural
ground[1,2]:

1. One level section: The ground is
assumed, or agreed upon that is level
transversely, (TFig.l-a).

2. Two level section: In this section the
ground has uniform transverse gradient

relative to the center line (since two
levels are required to establish transverse

used later for volume determination between
adjacent sections.

This paper deals with an integrated method
for area determination of different types of
cross-sections (one level section, two level
section and three level section) which
generalize the tedious computation involved
to simple, quick method.

uniform gradient), ( Fig.l-b).

3. Three level section: The gradient of the
ground of both sides of the centerline are
not
uniform (since three levels are required
to establish two different gradient),

(Fig.l-c).

4. Multi-level section: In this section the
ground has more than three level along
the cross-section line, (Fig.1-d).
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Fig.(1) Different Cross-Section Types

Types of Cross-Sections:

Cross-Section exist with:

1. Cross-sections with cutting only.

2. Cross-sections will filling (embankment)
only.

3. Cross-sections partly cut and partly fill.

There are the following cutting sections,

(Fig.2-a)

One level section .......... One case
Two level section .......... Two cases.
Three level section ........ Four cases.
There are the following filling section
( Fig.2-b).

One level section .......... One case
Two level section .......... Two cases.
Three level section ........ Four cases.

There are the following sections with partly
cut and partly fill. These sections are of three

types:
First: Where h=0 at center line, ( Fig.3-a,b)
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(b)
(d)
.
One level section .......... Null
Two level section .......... Two cases.
Three level section ........ four cases.

Second: Where h is fill at center line
(Fig.4-a,b and c)

One level section .......... Two cases
Two level section .......... Four cases.
Three level section ........ Nine cases.

Third: where h is cut at center line
( Fig.5-a,b and c)

One level section .......... Two cases
Two level section .......... Four cases.
Three level section ........ Nine cases.

The combinations of half sections of one
level sections with two level sections will
give four cases of cutting section, (Fig.6-a )
and four cases of filling sections (Fig.6-b).

The total cases may occur is fifty eight
cases.
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Fig. (2) Combination of Cutting and Filling Section
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Fig. (3) Cross-Section Partially Cut and Partially Fill (h= 0)
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Fig. (4) Different Combinations of Cross-Sections Partially

Cut and Partially Fill ( h in Fill )
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Fig.(5) Different Combination of Cross-Sections Partially Cut

and Partially Fill (h i Cut )
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Fig.(6) Combination of One Level Section With Two Level Sections
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Fig. (7) Five Main Half Sections
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Typical half sections:

If we look at these cases very closely we find 4. A half section of two level section or three

five main half sections, Fig.7. level section where h=0 .... (IV)
1. A half section of one level section .... (I). 5. A half section of two level section or three
2. A half section of two level section .... (I).  level section where, there is cut or fill at
3. A half section of three level section .... center line .... (V).
(I10).

Notation of elements of typical cross-section [1].

w1 | w9 |

1 % |

W‘
h Txm \\ |
L

L. bo
1

1‘\7[

Fig. ( 8) Typical Cross-Section With Notation

h : Depth at the center line.

bo : Half of formation width.

wl : Side width of the left side.

w2 : Side width of the right side.

hl : Depth at the catch point of the left side.

h2 : Depth at the catch point of the left side.

nl : Side slope of the left side of the design section.
n2 : Side slope of the right side of the design section.
S1 : Ground slope at the left side of the centerline.
S2 : Ground slope at the left side of the center line.
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Derivation of formulae (1)

1. In one level section: A half section with cutting (or filling).

w .
¥ : |
7= F
h
_ S e
ql'ww n}.h, +ﬁ “\J.:Jxo _{, b0 fM
~Nd A

Fig.(9 ) Notation For Half Section In Cutting ( One Level )

Wi = bo =1y h
W1-b0
-------- =h
nj
Wi bo
..... = h + eeea
n ng
bo
wi=(ht-—--)n; (1)
nj
bo by /2
Area = (1/2) wi(ht === ) = === e )
m nm
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2. In two level section: A half section with cutting (or filling).

_
wi/sy

- Fig (10) Notation For Half Section
In Cutting { Two Level )

L
i |

nih; = wi-b,
Wi - bo
h) = ---oememmemee- =h+w /s ~
nj
W, W) bo
[ —— h 4 s
n; S n;
1 1 be
W ((=m-m=m = mmmeee- )=h+--e-
n S1 n;
bo S|y
wi = (ht+ YH e 3)
n; S -1y
b bo /2
Area=1/2w; (h+ ) = mmmmmemm e 4
n n;
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3. In three level : A half section with cutting ( or filling ).

k L2 t
wWy/sq 1 :
h1 h
e -
K = _[b07ny

Fig.(11) Notation for Half Section in Cutting ( Three Level )

Wi - bo
h} = ---emmemmeee- =h-w /sy
ny
Wi Wi bo
..... 4+ e = h [
nj S1 m
1 1 bo
wi (= T ) = het -
n; St m
bo Sl 1‘11
Wi = (M ooes) ¥ omemeees 5)
n; S;-m
bo bo> /2
Area=1/2w;(h+ ) = mmmmemmmen e 6)
n 1y
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4. Sections with partly cut and partly fill :

a) h=0
i W1 }
1
- ___T_,
8
h} ! W]iﬁ)
1
a "’
=" o L
L ngehy g o ]
g § N\ }
Mg ! b0 / ny
N
\
N

N

n1h1 =Wi~= bo

Wi - bo
h) = ---emeemmmeme =w;/s;+0
nj
Wi Wi bo
- - =0+
nj S1 np
1 1 bo
Wi (====-n = =mmmeee- ) =0+ -memeee
ng Si ni
bo sin|
wi=(0+ YH e @)
nj 51 -1
bo by* /2
Area=1/2w;(0+ ) = e (8)
nj n
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b) h=cut or fill

nih; =wj - b

Wl'bo
hy = eememmeene- =w;/s;-h

Wi Wi b

nj S nj

AF=1/2s h?

bo

AC =12 w; ( -h)-

m

No.2

vl

Fig.(13) Notation for Half Section in Cut and Fill (b= Cut or Fill)

+12 s b2 ......(11)

56

Vol.2 1999

]



Journal of Zankoy Sulaimani No.2 Vol.2 1999

Area determination: A methodology[1,2,3]
Available data: for area determination data must be collected from field
measurement as follows :

Elev.1: Elevation of the natural ground at the left side of the center line of the section which
lies at the distance ( D1 ) from the center line.

Elev.C: Elevation of the natural ground at the center line of the section.

Elev.2: Elevation of the natural ground at the right side of the center line of the section which
lies at the distance (D2) from the center line (usually D1=D2). From geometric design:
Formation width (2bo), side slopes of left and right side of the section(nl,n2) (These
values remains constant for a great extend). The grade line level at each station
(i.e section).

Identification of the sections: The identification of the sections requires the following
calculations:

a- AHl = Elev.C - Elev.1
If the sign is positive, this means that the ground at the left side of the section is falling
away from the center line,(Fig.7-I1I).
If the sign is negative, this means that the ground at the left side of the section is rising
away from the center line, (Fig.7-V) K
If the result equals to zero, this means that the ground at the left side of section is
horizontal, (Fig.7-1.)
b- AH2 = Elev.C - Elev.2
If the sign is positive, this means that the ground at the right side of the section is falling
away from the center line.
If the sign is negative, this means that the ground at the right side of the section is rising
away from the center line, (Fig.7-ILIV)
If the result equals to zero, this means that the ground at the right side of section is
horizontal.
¢- h = Elev.C - Design level of the section.
If the sign is positive, this means that there is cut at the center line of the section.
If the sign is negative, this means that there is fill at the center line of the section.
If the result equals to zero, this means that there is no cut, no fill at the center line of the
section ( i. e. The grade line and natural ground level have same elevation).
d- To find out weather the section is completely cut or fill or contain partly cut, partly fill
requires the following calculations.
ST = 1/AHL * Dl .....onsomismiommmesspammonss (12)
S0 = 1IAHD %2 coscsmernersumsomvposrennsonss insisnd (13)
h*S, if it is less than bo, the left side of the section contains partly cut and partly fill
(Fig.7-V).

Then h*S, if it is less than by, the right side of the section contains partly cut and partly
fill.

57



Journal of Zankoy Sulaimani No.2

From the steps (a,b,c and d) above the following information about the cross- . section may be

obtained.
1. Kind of the section.

2. Nature of the sections(containing cut or fill only or partly cut and partly fill).

- Calculation of w; and w, and other unknown values from :
bo Si

bo
g. The total gives ( ------ +h)
n bo
h. The difference between them gives ( ------ -h)
n
Si
I ===me- From Table - 1
S;i T nj
Si nj
jo - From half sections III ( Fig.7 )
Si £ nj
Si N
k. ==emmm- From half sections II, IV, V (Fig.7)
sitn;

Vol.2 1999

k2

From the values of si and n; we may locate as the coordinate system (s; n;/ s; £ n; ) values.

The upper figures for (sin;/ s; + n;)
The lower figures for (si n;/ s;-ny)
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3.

5 10

bo/nxth
( Fig. 14 ) Graph shows relative between ((h ), (n) ) & (b, ) for obtaining (boln + h)
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Table. 1 Valuesof Sn/S+tn

Vol.2 1999

S
1 2 3 4 5 6 7 8 9 10
0.50 | 0.67 | 0.75 | 0.80 | 0.83 | 0.86 | 0.88 | 0.89 | 0.90 | 0.91 |1
2.00 | 150 | 1.33 | 1.25 | 1.20 | 1.17 | 1.14 | 1.13 | 1.11
1.00 | 1.20 | 1.33 | 1.43 | 1.50 | 1.56 | 1.60 | 1.64 | 1.67 |2
6.00 | 4.00 | 3.33 | 3.00 | 2.80 | 2.67 | 2.57 | 2.50
1.50 | 1.71 | 1.88 | 2.00 | 2.10 | 2.18 | 2.25 | 2.31 |3
12.00 | 7.50 | 6.00 | 5.25 | 4.80 | 4.50 | 4.29
2.00 | 2.22 | 2.40 | 2.55 | 2.67 | 2.77 | 2.86 |4
20.00 | 12.00 | 9.33 | 8.00 | 7.20 | 6.67
2.50 | 2.73 | 2.92 | 3.08 | 3.21 | 3.33 |5
30.00 | 17.50 | 13.33 | 11.25 | 10.00
3.00 | 3.23 | 3.43 | 3.60 | 3.75 |6
42.00 | 24.00 | 18.00 | 15.00
3.50 | 3.77 | 3.94 | 412 |7
56.00 | 31.50 | 23.33
4.00 | 424 | 444 |8
Upper figures for sn/s +n 72.00 | 40.00
Lower figures for sn/s—n 450 | 4.74 | 9
90.00
5.00 | 10
E

The product of the out put of these two main parts of the main formula will produce wi

(where i=1,2)
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Calculation of Area from: .

bo )
a) A=1/2 wi(------ +h) - -meeeee- for half (Section I, II, III, IV)
1 n;

) - obtained from Fig.(14) and Table-1

(-===-- +h) ..... obtained from Fig.(14)
n;
To obtain (b,” /2) /n; use table.2.
(bo?/ 2) /n; read directly from the table then divided by multiplication of the first and second
part divided by two then subtrazcted fi om the third part will give the area of ,cut or fill only.
A=1/2w( -h)- + 1/2sh?
n; n;

w; obtained from Fig.(14) and Table-1

b, known

(-=--=- - h) ..... Obtained Fig.(14) k-
nj

by’ /2

............... obtained from Table(2)

n;
To obtain 1/2 s; h® use table.3 directly or by interpolation. This is the cut or fill part of the
section. Then the result is used in the main formula to obtain the area of cut or fill.

Table —2 For obtaining value of ( b,2/2)

1 2 3 o 5 6 7 8 9 10
b, 0.50 | 2.00 | 4.50 | 8.00 | 12.50 | 18.00 | 24.50 | 32.00 | 40.50 | 50.00
n 1 2 3 4 5 6 7 8 9 10
Table -3 For obtaining value of (1/2s h? )
S
1 2 3 4 5

4 8 12 16 20

h o | 18 | 27 | 36 | 45

16 32 48 64 80

25 50 75 100 125
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Best results can be obtained by tabulation of the information’s obtained from above

as follows :
b, n ny By Sn Wi b /2 | Ac
Stations h S S Type | - sh |-~ W2 n Af
n Sin
CONCLUSIONS
1- The proposed method is easy for which makes the proposed method
performing any type of required cross- quicker than the normal way of calculation.
sections from five main half sections. 4- Datas (w 1, w2 ) may be obtained from
2- The method reduces the tedouse this method easily for slope - staking
computation required specially when instead drawing
large number of cross- large number of cross-sections or
sections are to be considered. following other field methods used for
3- Large part of calculations are obtained this purpose. 3
directly from Fig.(14), Table-l, Table-2 5- The method is programmable in
and Table-3 computers.
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