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ABSTRACT

An integrated methodfor determination of the areas from cross-sections of one level

section, t wo levet 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 clffirent types of cross-sections are considered to be fifty-eight cases' From

these ,orri five ntiin half sections generalize the calculation of the areas and the

combination behueen them recovers atlfifty-eight cases of the sections. Calculation of
areas wos perforrnecl using graphs and tables with simple multiplication and

additians.

INTRODUCTION

The method for detennination of volumes usecl later for volume determination between

from cross-sections is the most widely used adjacent sections.

in engineering projects for all types and lends This paper deals with an integrated method

it r."tf partlcutarty well to ioute projects, for area determination of different types of

roads, 1.uil*uyr, waterways..., etc. The cross- cross-sections (one level section, trvo level

sections are taken on lines at riglrt angle to section and three level section) which

the main job centerline. Vo-iume generalize the tedious computation involved

determination requires at first place, to simple, quick method.

detent,nation of cross-section areas, to be

Shapes of Cross-Sections

Cross-sections
types with the
ground[1,2]:
1. One level section: The

assumed, or agreed uPon

transversely, ( fig.l-a).
2, Two level section: In this section the

ground has uniform transverse gradient 4'

relative to the center line (since two

levels are required to establish transverse

may be divided into four
respect to the existing natural 3.

grourd is
that is level

uniform gradient), ( Fig.l-b).
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).
Multi-level section: In this section the

ground has more than three level along

the cross-section line, (Fig.l-d).
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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
( Fie.2-b).
One level section One case

Two level section Trvo 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)

One level section.......... Null
Two level section Two cases.

Three level section ......". f,our 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.S-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 trvo level sections will
give four cases of cutting section, (Fig.6-a )
and four cases of friling sections (Fig.6-b).

The total cases may occur is fifty eight
cases.
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Fig. (2) Combirration of Cutring and F'illing Seclion

YoL2 1999
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Fig. (3) cross-section Partially cut and Partially rill t h : 0)
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(b)
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fig. (a) Different Coutbinatiotrs of Cross-sectians Panially

Cut and PartiallY fill ( h in Iill )
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fig,(5i DilBrent Corrrbinatiixr ol Cruss-Seciiotts Parrially Cut

auci }larliallY h'ill ( lt rn Cut )
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fig.(6) Cornbination of One l.evel Sectjou With Trvo Level Sections

M

Fig. (7) Five Main Llall Scctions
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Typical half sections:

If we look at these cases very closely we find
five main half sections, Fig.7.
1. A half section of one level section .... (D.

2. A half section of two level section .... (ID.
3. A half section of three level section....

(III).

No.2 Vol.2 1999

4. A half section of two level section or three
level section where h:0 .... (IV)
5. A half section of two level section or three
level section where, there is cut or fill at
center line .... (V).

Notation of elements of typical cross-section [11.

Fig. ( 8 ) Typicrl Cross-Section With Notation

h
bo
wl
wl
ht
h2
nl
n2
S1

S2

Depth at the center line.
Half of formation width.
Side width of the left side.

Side width of the right side.

Depth at the catch point of the left side.

Depth at the catch point of the left side.

Side slope of the left sicle of the design section.

Side slope of the right side of the design section.

Grournd slope at the left side of the centerline.

Grouncl slope at the left side of the center line.
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Derivation of formulae (1)

-T

No.2 VoL2 1999

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

lr --,.-,,,,-,,,,,- H;l.* ,* , ,.- ,.,,.,,,,,r{,

0lnr

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

wt - bo: t\.h

wt-bo
-------- - h

111

w1 bo

-----: h + ----
fI1 fI1

bo

wr: ( h+ ---- ) n1

Il1

bo bo2 D
Area: (1/2) w1@+ -..- ) - ................-.(2)

II1 I11
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2. In two level section: A half section with cutting (or filling).

rdt,/ sl

Vol.2 1999

Fig"(I0) Notatior: For Half Section

in Cuttirrg ("l"wo t*vel )

{
h,&r1fll

otht = wt-bo

wt -bo
hr = -------------- : h + wr / sr

tlr

Wt W1 bo

-----: h + -----
IIr 51 Il1

llbo
wr(------ ):h+------

111 51 fll

bo

w1 = (h*--------) *

O1 St - III

bo boz 12
Area = ! l2wr (h+ --- ) - ..----- ..................(4)

Il1 O1

Sr flt
(3)
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3. In three level : A half section with cutting ( or filling )'

VaL2 1999

rll+**
wtlst t*r "<

hll
*{,**

w1 bo

+ -----:h+------

....(s)

T
l-+

J b0 /n1
iq.!*

Fig.il I ) hl*tntinn fbr Half Snctinn in Cutting ( Thr*e Leve} )

flrht=Wt-bo

wt -bo
hr = -------------- = h - w1 / s1

11t

..Y.:

rIr

I
wr ( ----

111

Sr fIr

lbo
+ ------)=h+----

51 llt

bo sr rlt

wr=(h+-----;*
I11 St - Ilt

bo b: 12

Area = | I 2 wr( h + ---.. ) - --------

I-
h
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4. Sections with partly cut and partly filI :

a) h=0

Iltht=Wt-bo

wt-bo
hr = -------------= w1 / s1 * 0

rlg

W1 W1 bo
:0 + ------

II1 51 lll

11bo
wr(------ -----")=0+

Itt 31 1I1

bo srtrt

wr = ( 0 + -'--'- ) * "-"'-'-'
Itt $t - f,t

bo b: 12
Area = I I 2W( 0 + ----., - *----

Ilt tlt

No.2

,,,(7)

VoL2 1999

tal

,.'r*j /ntI
Fig.( l2) Notation tbr Half Section in Cutlirrg ( h * 0 )
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b) h = cut or fill

orhr=Wt-bo

' wr -bo
ht = ----------- = wl / Sr - h

Wl Wr bo

---t- * -.--''h
O1 51 Ot

wr ( ---- ): ----- - h
II1 51 Il1

bo srflr
wr=( h)*------

Il1 St - tlt

AIl=I t2stlf

No.2 Vol2 1999

Fig.(13) Notation forl{alf Scct

bo

.(e)

(10)

bo b: t2

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

measurement as follows :

Elev.l: 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.

EIev.2: Elevation of the natural ground at the right side of the center line of the section which

lies at the distance (D2) Irom the center line (usually Dl=D2). From geometric design:

Formation width (jUoj, 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).

Iclentification of the sections: The identification of the sections requires the following

calculations:

a- AHI: 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-Il|.
If thi 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) 
'"

If thl result equals to zero, thiJmeans that the ground at the left side of section is

horizontal, (Fig.7-I')

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-II,N)
If thl result equals to zero, tiriJmeans that the ground at the right side of section is

horizontal.
c- h = Elev.C - Design level of the section.

If the sign is posiive, this means that there is cut at the center line of the section'

If the sign i. negatire, 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. 'ihe grade line and natural ground level have same elevation)'

d- To find out weather the section is comple-tely cut or fill or contain partly cut, partly fill

requires the following calculations.

S1 :l/AHl * Dl ......... ..............(12)

32: llLHZ*D2.......... """"""'(13)
h*Sr if it is less than bo, the left side of the section contains partly cut and partly fill
(Fie.7-V).

Then h*S2 if it is less than bo, the riglrt sicle of the section contains partly cut and partly

fill.

57



lournol of Zonkoy Saloimoni No.2 VoL2 1999

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

obtained.
l. Kind of the section.
2. Nature of the sections(containing cut or fill only or partly cut and partly fill).
- Calculation of w and w2 and other unknown values from :

bo Si rli

a. wi=(------th)( )i:1,2
ni sitnt

bo

b. C---t h )-From the graph (Fig.la)
ni

bo

c. ( --- + h )- For half sections ( I,ILILIV ) ( Fig.7)
ni

bo

d. ( ----- - h )-For halfsection ( V ) (Fig.7)
ni

bo

e. ---- is the distance upward from (b") at the ordinate to gadient (n).

v.
f. h is the distance down ward from (b) at the ordinate to required (h).

bo

g. The total gives ( ----- + h )
nbo

h. The difference between them gives ( -- 
--- 

- n I
n

Si lli
i. ------- From Table - I

Si*ni
Si Ili

j. From half sections III ( Fig.7 )
s;tni
St lri

k. ------- From half sections II, IV, V ( Fig.7 )
31t ng

From the values of si and Diwe rre! locate as the coorclinate system (si ni/ si t ni ) values.

The upper fignres for (si n1 / s1 * n1 )
The lower figures for (s1 n1/ s1 - n1 )
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bo/n+h
( tr.ig. 14 ) Grnph shows rclativc bctween ( ( h ), ( n ) ) & ( bo ) for obtaining ( boln * h )

2

3

4
5

Y

10

t
I

I

h

I

l
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Table. I Values of Sn/ S t n

0.50 0.67 0.75 0.80 0.83 0.86 0.88 0.89 0.90 0.91

2.00 1.50 1.33 1.25 1.20 t.t7 1.14 1.13 1.11

1.00 1.20 1.33 1.43 1.50 1.56 1.60 1.64 1.67

6.00 4.00 3.33 3.00 2.80 2.67 2.57 2.50

1.50 l.7l 1.88 2.00 2.10 2.18 2,25 2,31

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

20.00 12.00 9.33 8.00 7.20 6.67

2.50 2.73 2.92 3.08 3"21 3.33

Upper figures for sn / s * n
Lower figures for sn / s - n

s0.00 17.50 13.33 11.25 1.0.00

3.00 3.23 3.43 3.60 3.75

42.00 24.00 18.00 15.00

3.50 3.77 3.94 4.12

56.00 31.50 23.33

4.00 4.24 4.44

72.00 40.00

4.50 4.14

90.00

5.00
E

754
I

2

3

4

5

6

7

8

9

10

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 boz 12

a) A = ll2wi(----- + h) - for half (Section I, II, III, IV)
Ili It;

wi ..... obtained from Fig.(14) and Table-l

bo

C--- + h) .....obtained from Fig.(14)
Oi

To obtain (bo2 2)/n;use table.2.
(b"2 l2) /niread directly from the table then divided by multiplication of the first and second

part divided by two then subtracted fi om the third part will give the area of ,cut or fill only.
bo bo2 12

A=1l2wi(-*----h) + llzsilf
ni lli

w; obtained from Fig.(14) and Table-l
bo known

(-----" - h) ..... Obtained Fig.(14) r,

Il;

b: t2
...... obtained from Table(2)

O1

To obtain tl2 si h2 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 sr fill.

Table -2 For obtaining value of ( bo2/ Z)

r2345678910

Table -3 For obtaining value of ( I / 2 s h2 I

bo' 0.50 2.00 4.50 8.00 12.50 18.00 24.54 32.00 40.50 50.00

n I 2 J 4 5 6 7 8 9 l0

I 2 3 4 5

4 8 t2 l6 20

9 18 27 36 45

l6 32 48 64 80

25 50 75 100 t25
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Best results can be obtained by tabulation of the information's obtained from above
as follows :

CONCLUSIONS

l- The proposed method is easy for
performing any type of required cross-

sections from five main half sections.

2- The method reduces the tedouse

computation required specially when
large number of cross-
sections are to be considered.

3- Large pan of calculations are obtained
directly from Fig.(14), Table-I, Table-Z
and Table-3

which makes the proposed method
quicker than the normal way of calculation.
4- Datas ( w 1, w2 ) may be obtained from

this method easily for slope - staking

instead drawing
large number of cross-sections or
following other field methods used for
this purpose. ir

5- The method is programmable in
computers.
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Stations

bo 111 w
Type

bo

-------r h
n

Sn

S"n

W1 bo' l2 Ac

h Sr S2 W2 n Ap
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