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1. ELEMENTARY SURVEYING EQUIPMENT
) yaeatd b YT lals (6 9 STladian,

1.1 Chain and Tape
ST ANEVRRANY
Chains or tapes are used to measure distances on the field.
ollenid ol 516 o 3l o leald 3 S aab 4y 4 L
A chain (see Fig. 1) is made up of connected steel segments, or links, which each measure 20 cm.
Sometimes a special joint or a tally marker is attached every 5 meters. Usually, a chain has a total length
of 20 meters, including one handle at each end.
(=ar ‘oda‘)ﬁn‘_,,_"x.’:h»Y~@a)'\.)3\o)&sG%E)Sdad}fiJ};&ﬁjﬂd)ﬁﬁidb&@dd\]}éd&éﬁﬁ

ot Vo Jsh oo sana 2 pdio s 3 dsena 5l s sl duag o abanl s 4 i b Ala o (S alald 0 i 0 8 A
(B 6usS5) . S urda Al a4 AW s deedi a0

Fig. 1 A chain

Wb e ) IS

Measuring tapes (see Fig. 2) are made of steel, coated linen, or synthetic material. They are available in
variable lengths. Centimeters, decimeters and meters are usually indicated on the tape.
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Fig. 2 A measuring tape
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1.2 Measuring Rod

A measuring rod (see Fig. 3) is a straight lath with a length varying from 2 m to 5 m. The rod is usually
marked in the same way as a measuring tape, indicating centimeters, decimeters and meters.

S alie s xS 030013 ) Y

c)\m\ddﬁé)ﬂ&)xo):mé)34;50)3.4VJGJ‘_J\}JJJ\@6}563‘;)&}»%}:\@@&):50)\&\.J
sl o e (o (59, 0 e Sl dg o o Jsadg (A8 3 S o Jul 3 Ca s by s b sy (g opllastinl o L St
(BT 6,85 . usbaiiage e i

2 to 5 metres

N
g

Fig. 3 A measuring rod 4l o oS s jlail o JS5 Y

1.3 Plumb Bob

A plumb bob is used to check if objects are vertical. A plumb bob consists of a piece of metal (called a
bob) pointing downwards, which is attached to a cord (see Fig. 4). When the plumb bob is hanging free
and not moving, the cord is vertical.

.Y
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AS s dpdhul s o) 2 2 esS Gsd g S o LI A 1A A (a (st JAL) AR G
(‘Gd&.&\c&)ﬁj) .ododdjncw)‘s?‘siu\J&éﬁ&}}\&}d))&d\j\d}ﬁu@

Page 3 of 118



Glulisl (5 5y 3 (S OFundamentals of land surveying | 2012
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Fig. 4 A plumb bob J#L& Js& ¥
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1.4 Carpenter Level

A carpenter level is used to check if objects are horizontal or vertical. Within a carpenter level there are
one or more curved glass or plastic tubes, called level tubes (see Fig. 5).

dsd s iV ¥

Lol Js€ (G AL o (S dslar g laia ) opllenial o Ll o ge dlae (53 50 5l (881 2 silada ol (5 )l
(AINE0 6)sSs) . ol abiay G a dad o (o 55 Jald 5 98 (Sindly

level tube for horizontal use level tube for vertical use

Fig. 5 A carpenter level. Jsd (s s J8& 0

Each tube is sealed and partially filled with a liquid (water, oil or paraffin). The remaining space is air,
visible as a bubble (see Fig. 6). On the glass tube there are two marks. Only when the carpenter level is
horizontal (or vertical) is the air bubble exactly between these two marks (see Fig. 6).
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Fig. 6 Using a carpenter level Jslleaiul Jsals (5 jlads IS5 7
1.5 Ranging Poles
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Ranging poles (see Fig. 7) are used to mark areas and to set out straight lines on the field. They are also
used to mark points which must be seen from a distance, in which case a flag may be attached to improve
the visibility.

Ranging poles are straight round stalks, 3 to 4 cm thick and about 2 m long. They are made of wood or
metal. Ranging poles can also be home made from strong straight bamboo or tree branches.

REMEMBER: Ranging poles may never be curved.

Ranging poles are usually painted with alternate red-white or black-white bands. If possible, wooden
ranging poles are reinforced at the bottom end by metal points.

L 28 P L ol Sy 5 ) 0
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1.6 Pegs

Pegs (see Fig. 8) are used when certain points on the field require more permanent marking. Pegs are
generally made of wood; sometimes pieces of tree-branches, properly sharpened, are good enough. The
size of the pegs (40 to 60 cm) depends on the type of survey work they are used for and the type of soil

they have to be driven in. The pegs should be driven vertically into the soil and the top should be clearly
visible

T2 b ).
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Fig. 8 Pegs &2 (252 b 50 JS& A
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2.SETTING OUT STRAIGHT LINES
U8 i b Jsmlal shi saiines ¥

2.1 Definition of a Straight Line Adify ohghd gaiiias ¥,

A straight line is the shortest distance between two points on a map or between two points on the field
(see Fig, 9).

Vagasd) o)l Cmga Zia 5 shaiiogna (S asluas b ol 408 4543 02438 Lald (oil 4 0 & e bl sl
(S I8

Fig. 9 A straight line. Ja& afiua JS& 4

2.2 Placing of Ranging Poles

The correct way to hold a ranging pole is to keep it loosely between thumb and index finger, about 10 cm
above the soil (see Fig. 10).

When the observer indicates that the ranging pole is in the right position, the assistant loosens the pole.
The sharp bottom point of the ranging pole leaves a mark on the soil exactly where the pole has to be
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placed. Once in place, it should be checked if the ranging pole is vertical, e.g. with a plumb bob, or a
carpenter level (see Fig. 11).

A 20 5L Gl S S B4 A Y)Y

il Ve 2438 SR Fe B (S8 o) (S8 lgda i) A o0 el Ayl sl gl e ol gy Kind 2
(CI8-SIAERTETEY) B P PEE e  P R
ooy ¢ S Al il a aiiS ) S Gl mi) S ) A ik maaa dnEoae s ey Sl

Qaiaabiasd §ge gl el gl Eyaa S e @I o Gpn Sl R 4 oaSA
(BISENY 6,585) . B2454S (B2 a5ee dn (o Sop adaul 4 AL L J
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10 ¢m above the 5ol
2fha SR s ]

Fig. 10 Holding a ranging pole Jg Jg Sbadyjpa IS4 Y
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WROMG RIGHT
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Fig. 11 Placing a ranging pole JoS a4 la Ay i 5 L ol Sdady ;- S
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2.3 Setting out Straight Lines

This section indicates, step by step, how to set out straight lines over a short distance, over a long distance
and over ridges or hills.

Jyauili ghghd A ¥, ¥

L;M\gﬂ)}g}\ﬁqsembwy#ﬁ;&)ﬁJj\o)udmﬁodjj\‘tﬁso)udmﬁagﬂgdj})i#}aﬁﬁmdﬁﬁﬂéd
Y ad Ay a8 A gl

2.3. 1Setting out straight lines over a short distance
20 Adiald ogil Ay J )& gighd gariiiea 3 Y ¥

Step 1

As shown in Figure 12a, pole (B) is clearly visible for the observer standing close to pole (A). The
observer stands 1 or 2 meters behind pole (A), closes one eye, places himself in such a position that pole
(B) is completely hidden behind pole (A) (see Fig. 12a).
rAda e s 44! -
4l 45 (1) 43 asS (5 shee 45 oS 5S o3 Lia o jus J39 038 A 4y 4y (2) 2 S JSE Gl VY 4y asd
}\}}kﬁpoﬁ%ddi\ﬂ}ﬁmo)hojd\ﬂﬁ&‘_ﬁ\‘:g(d\)dﬁéj}ﬁaMmA L Yy
A3 o U9 e 43 LS 5y (61)2 4k () 24 sl OB (o )

Step 2

The observer remains in the same position and any pole (C in Fig. 12b) placed by the assistant in between
(A) and (B), which is hidden behind pole (A), is on the straight line connecting (A) and (B) (see Fig.
12b).

Y ala jo daa g0

S ) Ee S sl () 5 (6)) 24k (o) 2 4 Ladd (S sS Ara 0 ) 5l sl Tl ge i 4y SO
5l 0 VY g asd) L A b s 43 (H() S(0) 2 ol o0 A () 20l W () )2 43 0 S
(=S
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Step 3

The observer remains in the same position and any pole (D in Fig. 12c¢) placed behind (B), which is
hidden behind poles (A), (B) and (C), is on the extension of the straight line connecting (A) and (B) (see
Fig. 12c¢).

VUA)AWJQ

dAn a8 gl AL Al (2)3(69) A b padd (S S dn )l CumBse A din ks L (SO S salie
(S I5E o VY o), sy bl aifns o) i W 5 Dly(U))

J.
a)

Fig. 12 Setting out a straight line over a short distance

b)

sl abald ol s shaghad pasfined IS alaii LS JS3 )Y

In other words, poles (A), (B), (C) and (D) are in line if the observer, standing 1 or 2 meters behind pole
.(A), sees pole (A) only, while the other poles are hidden behind pole (A).

()3 o558 sLia An (50 1A Bk e 4 kg 430 A (59) sl e(o2) (1) @ DMl AL 4l )
sl b ha(G)eboos e WY salds yassaly 4l

2.3.2 Setting out straight lines over a long distance

As shown in Fig. 13, ranging pole (B) is at quite a distance from pole (A) and it is hard to see pole (B)
clearly. A flag is attached to ranging pole (B) to make it more visible.

é%@aéij\@:djﬁ sishd galicaa Y VY

0 AlSiia lagl (50 D5y 4dR Jsn iy 2 ()2 e abiald (6l 4y Jsn i )((2) 2 S IKG V4 asd
(5 dulsan o5 2 ol () 2 5 sl (@) 2433 L(s) 24
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Fig. 13 Setting out a straight line over a long distance
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Step 1

Pole (C) is approximately set in line with (A) and (B) at about one third of the distance between (A) and
(B), closer to (A) (see Fig. 13a).

ﬁ‘ﬁg(d\)aﬁémﬁdssﬁgjd)gﬁcgﬁSdJ}g\éjAﬁLid(@)}\(g\)acydjguﬁ)ﬁgqg(w)a
(xS s g2

Fig. 13a Setting out a straight line over a long distance, Step 1

Ada e g sl Alaldoayg) y gishd a3 Jg38 JSA Gl VY
Step 2
The observer moves to pole (C) and pole (D) is set in line with (C) and (B) (see Fig. 13b). .
Ala pa dad g3

@A}'MQ(G‘») K (‘5._1)J@LJ(L;.;)JL)‘:';&(;\A}S}\GJSQSP&@LJ(G“)JAA&@L_}A(&\)J‘;\S})S::&UA
(S I8s VY “-;.'45‘J).L5~3)-‘,..\
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Fig. 13b Setting out a straight line over a long distance, Step 2
s ja dad g3 Abald oy g) j shaghd gariinias Jg38 S ) Y
Step 3
The observer moves Co pole (D) and pole (C) is reset in line with (D) and (A) (see Fig. 13c).
Yooads ey

sla pelle b Ee S sl (s9) () 24k (=) 2 ) 84l (9) 2 &S 43X aly(om) 2 (S5 5S saaliia
(JSE21Y 5,)85)
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Fig. 13¢ Setting out a straight line over a long distance, Step 3
il aliald 0,91y g shad padiinad J 938 JSdi 3V Y Al ja day 0
Step 4
The observer moves back to pole (C) and pole (D) is reset in line with (C) and (B) (see Fig. 13d).

W ad)ssS sd nela ldie 5ol () 5l (6m) 2 4l(9) 2 5 AL Al (o) 4w (K55S saalie
(S IS 3

Fig. 13d Setting out a straight line over a long distance, Step 4

&quﬁM@oéijiﬁj#ﬂﬁumdde@Sd&is\v

Step 5

Continue until poles (C) and (D) do not require resetting anymore, which means that all poles (A), (B),
(C) and (D) are in line (see Fig. 13e).

Page 18 of 118



Glulisl (5 5y 3 (S oOFundamentals of land surveying | 2012

Bl o IV asd) 25 s peab bd aditieda (bed S a8 J S sl Ddgana 45wy pasd
(s

\k H& ﬂ EZ'AU
N b -
Sy =/
" o o
."I| I| ! ‘|\ [/ ke -
; t C ’:ill' H
| ///_,
//"
////
- -/‘
AL

Fig. 13e Setting out a straight line over a long distance, Step 5

MAJAM#GSQMGMQJ\#JE#HEMAJMNW\V

Intermediate poles can now easily be set in line with (A) and (C), (C) and (D), or (D) and (B)./

S A F S () 5 (69) 2L (69) S) (o) 2 (o) o) (6)) 2w Sl g an 03 Y S Gl (2L (HRe )

(bs
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2.3.3 Setting out straight lines over a ridge or a hill

Sometimes, a straight line has to be set out between two points (A and B) which are one on each side of a
hill, dyke or any other high obstacle (see Fig. 14); standing at point A it is impossible to see point B. A
procedure by trial and error is used, which requires two observers and one, or preferably two, assistants.

r el d#ﬁﬁdjjﬁh&ﬁﬁﬁumé\’_?‘_?-

G355 3d dihoyse ¢ (59058 Fia i shaliosd (533 (o> (3 ds 385 shliosd ol b bl e Cd 5 A
093 yige 98 2 glaS ey e Al adan ASS A ¢ glggadali ()24 03 el 1 g5 (55 YV g adali ay((gl)a 4 A

}JQ)J)&&}A@S&A}SDJJ}‘}S&})SD&&A

| -‘/ ‘e R /I.-'--- | I.--/-- - 0 .

. trees 7T
\!'\r i i / PRI L \HI‘____‘_.,-'.\-‘\_- _.--. ’ I| tree rl,‘lll'l-l"l :"-II:||'IIII.'T
Ty RpASTL T gy, bl
IlI |I . . . . tr < ”.-

X II|| Tl
1] | -
| |r:'+ I'_ V [EEAN) it
k»ff‘a J\F/;/ A.

Fig. 14 Setting out a straight line over a hill
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Step 1

First, poles (C) and (D) are placed on top of the hill, as accurately as possible in line with (A) and (B),
and in such a way that both (C) and (D) can be seen by the observers standing near pole (A) and pole (B)

(see Fig. 14a).

als jo 5 g gl
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Fig. 14a Setting out a straight line over a hill, Step 1
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Step 2

At the indication of the observer at pole (A), pole (C) is set in line with (A) and (D); in other words pole
(C) is moved from position C, (the original position) to position C2 (see Fig. 14b). '
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Fig. 14b Setting out a straight line over a hill, Step 2
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Step 3

At the indication of the observer at pole (B), pole (D) is set in line with (B) and (C); in other words, pole
(D) is moved from position D, (the original position) to position D.) (see Fig. 14c).
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Fig. 14c¢ Setting out a straight line over a hill, Step 3
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Step 4

The procedure is repeated: pole (C) is reset in line with (A) and (D) and pole (D) is reset in line with (B)
and (C). Continue until no more correction is required, which means that the four poles (A), (B), (C) and
.(D) are in line (see Fig. 14d).
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Fig. 14d Setting out a straight line over a hill. Step 4
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3. MEASURING DISTANCES

This section indicates, step by step, how to measure short distances, long distances, distances in tall
vegetation and horizontal and vertical distances in steep sloping areas.

To measure distances in a field (for example the length and width of a field), a chain or a measuring tape
is used. Two men are required, the back man, holding the zero point of the chain (or the tape), and the
front man, holding the other end of the chain.
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3.1 Measuring Short Distances

The following procedure is used when measuring a distance which does not exceed the total length of the
chain or the tape.

JsS o0 gluald gaita ¥
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Step 1
Pegs are placed to mark the beginning and the end of the distance to be measured.
s ye 5 gl
LES S e ) e s Ghalds SIS el a s 3S s 4 sla SIS sl a4 e
Step 2
The back man holds the zero point of the chain (or tape) at the centre of the starting peg.

The front man drags his end of the chain (or tape) in the direction of the second peg. Before measuring,
the chain (or tape) is pulled straight (see Fig. 15).

als jo daa g0

Page 25 of 118



Glulisl (5 5y 3 (S oOFundamentals of land surveying | 2012

s b A 2 s A S S A8 8 Al ) 3l S e e et adali jliad by el
(d&ﬁa \A)@»Gﬁ;d}wsgbﬁﬁﬁﬂéc)\m\iw&;aﬁﬁa)}

Fig. 15 Measurement of a short distance
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Any knots in the tape or entangled links in the chain result in errors in the measurement,
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Step 3.

When using a measuring tape, the distance between the two pegs can be read directly on the tape by the
front man.

Jo9 a4 o )0 4y 30 Frad dliald 4y S Zle 4y g0 0933, (5 gl 4Bd 61 S5 jlaily 2 4SS
_@ZM}.‘M@&)&}JJG‘}#J::)»

When using a chain, the number of links between the two pegs is counted. The total distance is equal to
the number of links multiplied by the length of one link (20 cm).

L;):’:\SL;}L»AALAEGG}A;A}\‘Gﬁ:gh»;@;s@_._mé\dﬁ}fb}dd@bﬁdﬁ)ﬂd)&#&d})ﬂbﬂu\Jg)’i@ds
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Distance = number of links x length of one link

ool (5 S0 yadl s o s el g S0 paido=aliald

EXAMPLE: Calculate the distance when given that 30 links have been counted and the length of one link
=02m

3 o Y Al jha= ila g eyl o3 Jedis ila Ve s AlSalali 5 S s Jl
ANSWER: Distance = number of links x length of one link =30x 0.2=6 m
oy Johd s (590 pa silan s yad— alald s Gl sa
3.2 Measuring Long Distances
Very often, the distance to be measured is longer than the length of the chain 01 the tape. The front man is
then provided with short metal pins, called arrows. The arrows are held together by a carrying ring. These

arrows are used to mark the position of the end of the chain (or tape) each time it is laid down.

The procedure to follow when measuring long distances is:

shali 53,0 JsS (5 S 0 5l ¥ Y
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Step 1
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Pegs are placed (A and B) to mark the beginning and the end of the distance to be measured, and ranging
poles are set in line with A and B.

als jo 5 pagl)

s iy o) (S sk a4 () ) (61)0 e SS L ) ey Lald 508 Jin e S A BKA e
LSS BB s Akl () S ($)):

Step 2
The back man holds the zero point at the centre of the starting peg (A). The front mar drags his end of the
chain (or tape) in the direction of peg (B). Directed by the back man, he stretches the chain, in line with

the ranging poles. Then he plants an arrow to mark the end of the chain (or tape) (see Fig. 16a).
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Step 3

Both men move forward with the chain (or tape) and the procedure is repeated, the back man starting this
time from the arrow the front man has just planted (see Fig. 16b).
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Step 4

The procedure is repeated until the remaining distance between the last arrow and the peg (B) is less than
one chain length (see Fig. 16¢).
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L]

Fig. 16a Measurement of a long distance Step 2
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Fig. 16b Measurement of a long distance, Step 3

‘ AFTOwW arrow

peg A - peg B

Fig. 16c Measurement of a long distance, Step 4

Step 5
The remaining distance is measured using the procedure as described in section 3.1.
43y dadin O
S N

The number of arrows used during the procedure represents the number of times the full length of the
chain (or tape) has been laid out.

@»JJbﬁM}ﬁéﬂ}WJd}d)ﬁd\Aﬂu\6;»5)5}50)\&\%&@@}56}5}.@}};}“‘5:@.)
The total distance measured is then calculated by the formula:

Total distance = number of arrows used x length of the chain (or tape)
+ distance between the last arrow and peg B

calald 5 AT o Jsay ) SR G dlaed g Jlaia= alald e sena

EXAMPLE

The distance between two pegs (A) and (B) has been chained. When reaching peg (B), the back man has
used 7 arrows. 23 links have been counted between the last arrow and peg (B), What is the total distance
between peg (A) and peg (B)?

Page 29 of 118



Glulisl (5 5y 3 (S oOFundamentals of land surveying | 2012

s;dmtﬁjﬁujﬁtg}f‘s.a.ls;‘dsc%yo)\.\:\&ub‘\gdﬁ)ﬁJ‘\.‘m‘.ﬂc—m}(‘s.a}\tg\)}q\.u)ncjdddtm
6533 ol o yia Yo =¥ﬁﬁ?odﬁﬂm\.§é.’m}t§}f@)\&\J}J&J&)Sﬁ&'\id*v}\@u\’oag}ncj\ﬁ\
o fin il Yo = (5 S ki

¢
Given

number of arrows used by the back man =7

V= llaninl adand 5y 3 Als o saails dlaws
length of the chain =20 m

o e r= 5 ymida Jsh
number of links between the last arrow and peg (B) =23

Y¥= G0 ()2 ) sl (AN Aaa 4y silan dlaad
length of one link =20 cm = 0.20 m

o yita Yo jia— s yine illY = gy Joh
Answer
Distance between the last arrow and peg (B) = number of links x length of one link =23 x 0.2=4.6 m
S
s sie? ia¥f=Y jia i pat¥T= s (500 gilad dai= (550 () ) i b sl (5 aladine 4y alali

Total distance = (number of used arrows x chain length) + (distance between last arrow and peg B) = (7 x
20m) + 4.6 m= 144.6 m

e FF P=p yietF 7o yina ¥ ~.J&__1).s2:\/)=( TEBY (@)
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3.3 Measuring Distances in Tall Vegetation

Distances may have to be measured in a field where a tall crop or tall grass is cultivated. The measuring
.tape (a chain would be too heavy) must then be stretched horizontally by the two men above the crop.

When measuring distances it is important to keep the tape horizontal. Push two arrows or two pegs into
the soil to mark the distance to be measured (see Fig. 17). Plumb bobs can be used to check if the
measuring tape is indeed horizontal. If horizontal, the free hanging plumb bobs (immediately above the

arrows) are perpendicular to the measuring tape. In other words, the measuring tape and the plumb bobs
form right angles.
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Fig. 17 Measurement of a distance in a tall growing crop
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3.4 Measuring Horizontal and Vertical Distances in Steep Sloping
Areas

When measuring distances in a field, reference is always made to horizontal distances. In flat areas, these
(horizontal) distances can be measured directly. In steep sloping areas, however, it is Incorrect to assume
that the distance measured over the ground surface is the horizontal distance. Thus the horizontal and
vertical distances have to be measured separately.
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A measuring rod (see Section 1.2), a plumb bob (see Section 1.3) and a carpenter level (see Section 1.4)

are used to measure short horizontal and vertical distances in steep sloping areas for example between peg
1 and peg 2 of Fig. 18a.
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Step 1

Two pegs (A and B) are driven into the soil in such a way that their tops are at the same height above the
ground level (see Fig. 18a).
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Fig. 18a Measurement of horizontal and vertical distances, Step 1
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Step 2

The zero point of the rod is placed on top of peg A. A carpenter level is placed on the rod; move the end
of the rod up or down until the bubble of the level is between the marks: the measuring rod is horizontal

(see Fig. 18b).
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Fig. 18b Measurement of horizontal and vertical distances, Step 2
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Step 3

Hang a plumb bob just above the centre of peg B and read the horizontal distance on the measuring rod
(see Fig. 18c¢).
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Fig. 18¢ Measurement of horizontal and vertical distances, Step 3
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Step 4

The measuring rod is maintained horizontal. The vertical distance between peg A and peg B is measured
with a ruler or tape along the plumb bob, from the top of peg B to the bottom of the rod (see Fig. 18d).
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read the vertical
distancs
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Fig. 18d Measurement of horizontal and vertical distances, Step 4
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Often, however, the distance between the two pegs is longer than the length of the measuring rod. In
this case, intermediate pegs are. placed in line with A and B, at intervals of not more than one rod length
(see Fig. 19a).

To measure the distances between all the intermediate pegs, steps 1 to 4 (see above) are repeated.
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Fig. 19a Measurement of horizontal and vertical distances when using intermediate pegs, Step 1
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Fig. 19b Measurement of horizontal and vertical distances when using intermediate pegs. Step 2
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The total horizontal (or vertical) distance between pegs A and B is the sum of the horizontal (or vertical)
distances measured between all the intermediate pegs (see Fig. 19b).

(Guﬁd&it_\\"(éaw)o)&)\_\cﬁ
Total horizontal distance: 1.85 + 1.75+ 1.52=5.12 m

oy g yia O VY=Y AO+Y YVO+) OY; ML-AAL!“LA\AGAS\ (S $a2a
Total vertical distance: 0.72 + 0.35+ 0.47 =1.54 m
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4. SETTING OUT RIGHT ANGLES AND
PERPENDICULAR LINES

Sdaludy Jo s bd 3gas g gl Aaid 0 F

In survey work, it is often necessary to set out right angles or perpendicular lines on the field. In the
sections that follow, a few practical methods indicate how this can be done. These methods include:

A3 3N D Sy Gy padi gl daddgee ol gl jAall Saalu i dl) S IS4y gy
Gr sty 0 Ak A 58 sulio L slan ) e IS (603 45 suliAy (S48 (S

- the 3-4-5 method: used to set out a right angle from a certain point on the base line

_Lg‘.).gn.ul»\a‘)ngAﬁjJﬁ@j\j@&JdﬁQomﬁﬁﬂ@}¢q:dﬁ).k Y-¥-0 a-0)

- the rope method: used to set out a line perpendicular to the base line, starting from a point which is not
on the base line;

Gopllarinl 5 Ja 515 ysa Jad dgac 3 2l acli 4y 4dX Ll s A g (S Buyhaca: dgine wya Y

- the single prismatic square and the double prismatic square: used to set out both right angles and
perpendicular lines.

sl Vs e syl ahdasee o gl jaalia Bishaca: alia Jlea g sdie di ) adb e () sike 2al
.sz.:\n.ﬂx:\u\
4.1 Setting out Right Angles: the 3-4-5 Method

1AB sk ay YLFI0 0 s (sl Al 2 )

To set out right angles in the field, a measuring tape, two ranging poles, pegs and three persons are
required.
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Cipspadd 585 950 o) (o0 Aisln i) (1 osd ki S o3l a0 L sy p a3 (sl ) AailBa (S aalu 4y
A

The first person holds together, between thumb and finger, the zero mark and the 12 metre mark of the
tape. The second person holds between thumb and finger the 3 metre mark of the tape and the third person
holds the 8 metre mark.

i 13 31 iy 33 A o T 4y i 53 iy 3 3 AR 5 Jia 1Y 3 51 jinm 343 k5 e
iy b 34kl o fle A4y

When all sides of the tape are stretched, a triangle with lengths of 3 m, 4 m and 5 m is formed (see Fig.
20), and the angle near person 1 is a right angle.

oadd 5 sl o> psS sl i A 5l g sl 4y sy O ST Dl g o S 4S5k 5 S (o 4IS
(BosSsdSE Y ) Lod 4yl yandlion say 4l

NOTE: Instead of 3 m, 4 m and 5 m a multiple can be chosen: e.g. 6 m, § mand 10 mor e.g. 9 m, 12 m
and 15 m.

ST ALY AT Jer 5 S Juenil odin 52 (550 3 o e SIS oS e 4y syie & 5 F T 3 il
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person 3

Fig. 20 The 3-4-5 method 2sim 0 5I¥¢¥ o JSEY .

EXAMPLE: Setting out a right angle awms 5 (255 4 3 :Jla

Page 39 of 118



Glulisl (5 5y 3 (S oOFundamentals of land surveying | 2012

Step 1 41a e (s o 5!

In Fig. 2 la, the base line is defined by the poles (A) and (B) and a right angle has to be set out from peg
(C). Peg (C) is on the base line.
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Fig. 21a Setting out a right angle, Step 1 41a s a9l J9 9 (291 4a® 2 AIYY IS
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Step 2 4ls e 4as 5

Three persons hold the tape the way it has been explained above. The first person holds the zero mark of
the tape together with the 1 2 m mark on top of peg (C). The second person holds the 3 m mark in line
with pole (A) and peg (C), on the base line. The third person holds the 8 m mark and, after stretching the
tape, he places a peg at point (D). The angle between the line connecting peg (C) and peg (D) and the
base line is a right angle (see Fig. 21b). Line CD can be extended by sighting ranging poles.

4 G0 d (S 2 adali (al g 5l Hhua 3 (adll (g gl i 4B S il 2 Jsd S s (Sae AT e il 50
alali 4y ((69) 2 (> 8 a0 o) (omiodeli Ay (5 5.e (o) 5) (b () 2adali b yia (52 3 padd Ay gd ¢t
Al s (S a4y () 2> ) AeS BSOS o 4l (2 alS ¢ i adali b i A (80 () i ga
2249505

Fig. 21b Setting out a right angle, Step 2 41a e a8 s3cams i (29l ) 4l® 3 JS& ()Y
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Instead of a measuring tape, a 12 m long rope with clear marks at 3 m and 8 m can be used.

s Y sllenin Vo e 1S (AL 5 fe A I T 0 g (Isa sl 4y 5 VY 25 sxe (mse dg (A 3 1S el o
4.2 Setting out Perpendicular Lines: the Rope Method

dgbia gy dipm i gighd g3 gas aF, ¥
A line has to be set out perpendicular to the base line from peg (A). Peg (A) is not on the base line.
. 59am ydad 3 gac d&@ﬁ&)&@}ncjﬁﬁgxﬁdﬁeﬁ&gjf(Lg\).J

A long rope with a loop at both ends and a measuring tape are used. The rope should be a few meters
longer than the distance from peg (A) to the base line.

AR 9 (B)) 2 G p S JsS o e Ald oS0 il 3 gl (S g g g a4y Als oo sy sy o
LByl A s lald igacld i

Step 1 41a e (s o 5!
One loop of the rope is placed around peg (A). Put a peg through the other loop of the rope and make a

circle on the ground while keeping the rope straight. This circle crosses the base line twice (see Fig. 22a).
Pegs (B) and (C) are placed where the circle crosses the base line.

GIS (S ASaA o hios o) S e By (S Al Al (5 o Gl (S A ke (Gl) dadls e p
JSS all VY (5 )585) opotiadd bl saelia Jl ool 1o o5 (Ao Ay s s p o> S da by
(
L s S Aandalo 0l a0 S (6 S Jd gl LA Ara 4 S5k (o) ) Bk () 2
Step 2 4Als je 4aa 52
Peg (D) is placed exactly half way in between pegs (B) and (C). Use a measuring tape to determine the
position of peg (D). Pegs (D) and (A) form the line perpendicular to the base line and the angle between
the line CD and the base line is a right angle (see Fig. 22b).

bi oS 243X alia g (63) 5l (6)) 2 adanl s 4 (S8 3 S gl (S Fe 4y (o) ) (2) 2B (69) 2
(ng)sjd&ﬁagYY)dJlaAJ}qs pacld ydza Al 4aduY
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base line

/

/

/
/

Fig. 22a Setting out a perpendicular line, Step 1

Ada ya 5 gk ﬁuﬁh&@é\g& A S Yy
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measuring
tape

Fig 22b Setting out a perpendicular line, Step 2

ala jo 4ad 530 aru i dad (0 gae 3 JSS QY'Y
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4.3 Optical Squares¥." 2l sl 5 )4

Optical squares are simple sighting instruments used to set out right angles. They can be provided either
with mirrors or with one or two prisms. Because of practical difficulties in using squares with mirrors,
they have been replaced by squares with prisms: "prismatic squares". There are two major types of
prismatic squares: single prismatic squares and double prismatic squares; both will be dealt with in the
sections which follow.

LY SIS S e sa fia sl 4B s a el el g sl s (el SR 6
o sl 3 Jy S palia sl o A alS Al Aisin e o (5 glan o g jsdie 550 Lhosr e e 5 lia
i) sl8 (5 ) sdie 3 ¢ oalia j 58 (5 pdiat S S o pu Hedie 3 oalia IR ase AR D6 B se
o g Al Ay o gl 93 (o i )R () sdiie dia ) alia IR (5 siie a5 1 Al 5 sdac 650

4.3.1 The single prismatic square Ala sl (5 ) pdiia 3 jila FLY

The prism of the single prismatic square is fitted in a metal frame with a handle. Attached to the handle is
a hook to which a plumb bob can be connected (see Fig. 23). The special construction of the prism
enables to see at right angles when looking through the instrument. The single prismatic square or single
prism can be used to set out right angles and perpendicular lines.

o Y s Y (o> 00 68 G A (S S Siiagl may sdie oalia )R (5 ke 3 e
A Hsdied 5 S add all oo 2 A S day JBollio ju s (o asS o Jslad SSaa

Y o B Y S Hpdine 2 e by sl (alia ) SR 0 jdke g5 Ansl ) Aadll o S AR A Ul il
(Cos8s48 dS& YY) | (3 JsolS sl ganm i3 gighd gagee b asl)

Fig. 23 A single prismatic square & J 518 ) gdia 3 ila 3 JSEY Y
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4.3.1.1 Setting out right angles A f i gl J A b i K,

In Fig. 24, peg (C) is on the base line which is defined by poles (A) and (B). A right angle has to be set
out, starting from peg (C).

3 5l s padde bl s 4 5b () S (G)) 2 S G s Al sacliag (55 e () 2 (S JSEYY 4
3525 XAl 4B 500 4y (o)

"\.\ -
., - ;ngmg pole /?
Y
N e ?
~ / 1
™~ v —
N
™
base line
W
\\ ranging pole
‘\\ B

.
Fig. 24 Setting out a right angle

st 5 (2905 Aagld 3 IS Y ¥

The procedure to follow is: s> Js2 s3Y 43 48 5k
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Step 1 sy 5 o9l

The prismatic square has to be placed vertically above peg (C). This can be achieved by using a plumb
bob. The instrument can be hand-held by the operator, but even better is to install the instrument on a

tripod (see Fig. 24a).

3 b S Al Al 0 s e () 259 A0 g4y Hsdia alia Hsll dg e 5S4y J el

prismat/e square

Fig. 24a Setting out a right angle, Step 1

U;f&f}cﬁu)ﬁsg}\jmﬁ\édwdwf

Page 47 of 118



Glulisl (5 5y 3 (S oOFundamentals of land surveying | 2012

Step 2 4ls ja 4an 52

The instrument is slowly rotated until the image of pole A can be seen when looking through the
instrument (see Fig. 24b).

(I @YY () 585). (oS (S all g aily (61) 2 sl o 55 ool Sagall

lacking through
the instrument

AT

Fig. 24b Setting out a right angle, Step 2

U;)A m}asﬁu):‘sg}\)‘uﬂ\éqd&i.ng
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Step 3 4l e 4y 2

An assistant should hold pole (D) in such a way that it can be seen when looking through the opening just
above the prism. At the indication of the operator, pole (D) is slightly moved so that pole (D) forms one
line (when looking through the instrument) with the image of pole (A) (see Fig. 24c). The line connecting
pole (D) and peg (C) forms a right angle with the base line.

(59) ¢ om0 L) 4y (sl o (o3 Jads 488 (5 )sm 3 sdie 3 (o (ol s (ool Aly(99) 2 b (NS A e 5
S osiiedy (S jeabd oo ju b (6)) 24l(6) 2 sSsESa & S JS S ) S Al
JSG 2 YF) 52 bl dgac sacliag ana Al ALY 43X Goe (o) 2 5l b (69) 2 xhiaa S ¥ K0
(60585

looking through the Instrument
no right angle right angle

i

base line

N
o

~

/™

Fig. 24c¢ Setting out a right angle. Step 3

UA)AM.\”)J‘ ﬁu)ﬁ@}\)mbdd&i(d) Y¥Y

Page 49 of 118



Glulisl (5 5y 3 (S oOFundamentals of land surveying | 2012

4.3.1.2 Setting out perpendicular lines AT plohd odgae s Y

In Fig. 25, the base line is defined by poles (A) and (B). A line perpendicular to the base line has to be set
out from pole (C); pole (C) is not on the base line.

&JMM}A::JQG@@‘\AS&})A(@»)J}\ cdgyha;&.q&ub@ﬁ‘.}(@)}\ (Lg\)qoqclﬁw‘.&d&ﬁd‘éq
5505 bd dsee

Fig. 25 Setting out a perpendicular line

i bl (53 gac 3 JSGYO

The procedure to follow is: s> Js2 s2Y 43 48 5k
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Step 1 sy 5 o9l

The operator should stand with the instrument on the base line (connecting A and B). To check this, the
assistant, standing behind pole (A) (or B), makes sure that the plumb bob, attached to the instrument, is in
line with poles (A) and (B) (see Fig. 25a). The operator then rotates the instrument until the image of pole
(A) can be seen.

Ais pe ol S S 24833 5 05 sl i dy (Ssslis (Db o o) ) Q) Dad 2 eaclia e e all 2 Al (SG S
3 () 2 Huliiopu (3 (o 0 S JHLE (2 S ke A up 0 ol Sl (B) L (6)) 2o el 9 S
dSs ) Yoy (o8 dady )Rl Ay (6)) 2 A Jisstiaae Al (Sas S e dias s sl )RS 4 ()
(60555

rlghit a%

%
-
-
~

A
looking through
A
-

the instrument

-

Fig. 25a Setting out a perpendicular line, Step 1

U;)A&f}]cﬁu)‘jk';dd}&awd\vé
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Step 2 4ls ja 4an 52

The operator then moves the instrument along the base line until he finds a position for which (when
looking through the instrument) pole (C) is in line with the image of pole (A) (see Fig. 25b). While
searching for the right position, the operator must keep the instrument always in line with poles (A) and
(B). This is done under the guidance of the assistant standing behind pole (A).

alls o al) ails 2o Sl ldaia & 568 )5 S a S gt o gaclBaaiall Ly diuy )5 (S35
RS Al BB maa d (2 A8 (g5 Sl oy 4y o )R 3 () 2 Aly(oa) A (LB SIS 455488

3 S Y (¥ B S Sdiuyeala gl (Huge 4 bda sl () ) (6f) 2 Al Al 2L SG S
(6585 IS @Y ) (548 | oal 2 Y56l i 4y ()

B
-~

e
-
Pl
d locking thrsugh the instrument
."/ no right angle right angle

i1 | -ff]

Fig. 25b Setting out a perpendicular line, Step 2

ala jo et 93 aa i dad (52500 3 JSS YO
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Step 3 4l je 4ay 50

When the correct position of the instrument is found, peg (D) is placed right under the plumb bob. The
line connecting pole (C) and peg (D) is a line perpendicular to the base line (see Fig. 25c¢).

(59) 2 ) (o) 2 o> xS bt dra 53 ) Y J58ol3 3 (5500 (169) 2 55 aw (S an b leal 42 all 5 a4l
(o855 Y0) (sald dgee gaibhoacliay dolio yu (590

Fig. 25¢ Setting out a perpendicular line, Step 3

ala e da )0 Jgarn yidad (50 gee 3 JSE YO
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4.3.2 The double prismatic square R (s edia g LYY

The double prismatic square, also called double prism, has two prisms. The two prisms are placed in such
a way that it is possible to look at the same time at a right angle to the left and to the right; in addition the
observer can look straight ahead of the instrument through openings above and below the prisms (see Fig.
26). It is thus possible to see the base line and the perpendicular line at the same time; no assistant is

needed to check if the operator is standing on the base line, as is the case with the single prismatic square.

G s dss ol dgepsdias oo s o) plia o i oplhpa Adlidy sdie di o ¢ o2l )R (5580 dis
oms 1 sl (5)sSsah A5k sl Al ) SR Jiagsl jaalia a e diSas S Gy e (2 g s
(S05S5 6N DB Y sl anlya Hsdie d (2 asS AR ()l (0 Gelie b laise (0 (S (SO 5€ 60

A 5 AL L )l 43 (S0 S i ja Fadr o8 Jaly AS 5 (le Jad 4 ek (53 5a 3 5l lad gaclio o e3 ASan b 4SS,
(&J}SJ{'}NV?).eé)ﬁ)}ﬁlqd)ﬂﬁdﬂ\ﬁchdﬁﬂ_'IASL;JJY}&ML}L‘;H&&&J@)E@&)}S}\.3

Fig. 26 A double prismatic square *ha ) slA (5 ) sdia Jag JXEY 7

4.3.2.1 Setting out right angles s 5 g Al SF T

In Fig. 27, peg (C) is on the base line connecting poles (A) and (B). A right angle has to be set out from
(©).

(o) 242313 408 5l b 8 s o ol () () 2 o o B g 02018 3 5 5 () 5455 JSATY g
99atm i AAR (5 9.pa
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Fig. 27 Setting out a right angle J sems 5 (o5l ) 4ald 0 JSEYY

Step 1 s e 5 o)

The observer holds the instrument vertically above peg (C) on the base line. This can be checked with the
plumb bob (see Fig. 27a) The instrument is slowly rotated until the image of pole (A), is in line with the

image of pole (B) (see Fig. 27a).

Al 5 Il Sao g Jsiold agla o) | i il dad 4y sacl8 3 auliy (5590 (o) JS3 (50 50 4y 4l S5
(&)}S}dﬁd\v\’)'@a\)@@s&oﬁ Ho)u)}ﬁ\@g(b_})J))&\@Lﬁ(&\))}ij&ﬁju o)) S 4
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locking through
the IS truimesvt
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Fig. 27a Setting out a right angle, Step 1
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Step 2 4ls ja 4an 52

The observer then directs the assistant, holding pole (D), in such a way, that seen through the instrument,
pole (D) forms one line with the images of poles (A) and (B) (see Fig. 27b) The line connecting pole (D)

and peg (C) forms a right angle with the base line.

24l(6) 3 b Jal s asR (T oa iy (sl 4y((69) 3 (e (58 A3 5 )Y 45 4S5 S s pe Ly A5 ) 5 (SIS
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Fig. 27b Setting out a right angle, Step 2
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4.3.2.2 Setting out perpendicular lines A 5 A{ghd sgae JF NS

In Fig. 28, the base line is defined by poles (A) and (B). A line perpendicular to the base line has to be set
out from pole (C) which is not on the base line.
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Fig. 28 Setting out a perpendicular line

i bl (63 gae 3 JSEYA
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Step 1 s e (5 !

Looking through the instrument the observer moves slowly trying to find a position on the base line.
When the images of both poles (A) and (B) appear, the observer stops and rotates the instrument slowly
until the images of poles (A) and (B) form one line (see Fig. 28a). The instrument is then in line with
poles (A) and (B) of the base line.
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Fig. 28a Setting out a perpendicular line, Step 1
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Step 2 4ls ja 4an 52

The observer moves along the base line towards pole (A) or pole (B). He stops when pole (C) can be seen
through the instrument and forms one line with the images of poles (A) and (B) (see Fig. 28b).

July ¥ Adall sady (o) 2 2 48 S S jmai Gyl ol (D) L (G6)) 2 =S saysl gl aclia SGeK
ot Al (S S 5 )S S pe 4355300 3 sl () o) (6)) kA s ) (SO

looking through
the instrument

L

Fig. 28b Setting out a perpendicular line, Step 2
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Step 3 4l e 4y 2

When the correct position of the instrument is found, peg (D) is driven into the soil right under the plumb
bob. Peg (D) and pole (C) form the line perpendicular to the base line (see Fig. 28c¢).

sacld 4y Ay ) o) S 5m(59)2 L oS Ui (a8 G dy LS 2 (5.0 (169) ¢ (2w S na all o 2 A
(0385 SG a YA), (o5l b 5 sae (52l

S

Fig. 28¢ Setting out a perpendicular line, Step 3
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5. CALCULATING SURFACE AREAS OF IRREGULAR
SHAPED FIELDS JsS o)) gl 3 Al JSd alaia 18 3,0

A common problem for a surveyor is the calculation of the surface area of a farmer's field. The fields are
often irregular which makes direct calculation of their areas difficult. In such case fields are divided into a
number of regular areas (triangles, rectangles, etc.), of which the surfaces can be calculated with simple
formulas. All areas are calculated separately and the sum of these areas gives the total area of the field.

Sl ahiie e Adnad 02is S, (5 5l ) Y Ay Cialisa o2ig S0 S 30 (o3 00 Al s Al gana 530 )l (SGSS (55 2
aisilie) .pS s 53 0 oA Ay (b b 2 S (S s (ouladg, (63 (e (2 J5S o)) e (o2 2 S (5 )
da duag abaw (s (o805l o 5iglga ) sb i) 4y (o (23 SIS dndans 10 (o2 58 (U5 el sl Jilalina
c6S)s el pale (g ade saae gl 222 ) (S0 il aS i

5.1 Example 1J%e 5y 94l 8,

Figure 29 shows a field with an irregular shape of which the surface area must be determined.

A gbie Al (o Galis (2 oS i (L3S IS Aadaia pe ag aali gy JKEYA

Fig. 29 A field of irregular shape
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Step 1 sy 5 o9l
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Make a rough sketch of the field (see Fig. 29a) indicating the corners of the field (A, B, C, D and E) and
the field borders (straight lines). In addition some major landmark! are indicated (roads, ditches, houses,
trees, etc.) that may help to locate the field.

M@bd&)\&&}\d}@é@(&é‘s& ‘@sd\)@ﬂﬁi@bdd}c{gp@\g@&uﬁ@b a
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Fig. 29a A rough sketch of the field
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Step 2 4ls ja 4an 52

Divide the field, as indicated on the sketch, into areas with regular shapes. In this example, the field can
be divided into 3 triangles ABC (base AC and height BB,), AEC (base AC and height EE;) and CDE

(base EC and height DD,) (see Fig. 29b).

co%ydﬂg;&ﬁjdﬁhm(éd&d.\i ‘dﬁwoyWMQonw‘ééaM@um
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Fig. 29b Division of the field into areas with regular shapes

JSM\JAE.\AQ Jug Alw s Sl @Yi

Step 3 4ls e 4y 0
Mark, on the field, the corners A, B, C, D and E with pegs.

R4 e d S Aale i miS w gl 63 ¢ )2
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Step 4 4la ye 4a 518

Set out ranging poles on lines AC (base of triangles ABC and AEC) and EC (base of triangle EDC) (see
Fig. 29¢) and measure the distances of AC and EC.

35S o )l (o abald 5l 500l Aisley i) 60 el gisilie o ax A Ay (o sl ) )2 S A 4 (o 5 ) 2
(B SLz YA sosSy)

Fig. 29¢ Mark the corners with pegs and set out ranging poles
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Step 5 4la e 4ediy

Set out line BB (height of triangle ABC) perpendicular to the base line AC (see Fig. 29d) using one of the
methods described in Chapter 4. Measure the distance BB,

GBS ol o aliald ) (5 ey 3 sae (5214 e.):;\éta:g(‘su‘d\) 8 tuﬁj\ calia (e s)) J‘S?.L\'; (2 ¢s) 2
(oS L a YY)

Fig. 29d Set out line BB perpendicular to AC
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Step 6 4la e 4a il

In the same way, the height EE, of triangle AEC and the height DD, of triangle CDE are set out and
measured (see Fig. 29¢)

abiald 5l (5 e i e (lesaems) 2 F W) (gaes?) o) Dl (uecslesl) 2 g i) (L) est) 2o m (A e 4
(sS85 J5i 3 YA) (oS ol o

peg

__i_;gl_Jﬁi

1/ right Ped E

angle

Fig. 29e Set out line DD, perpendicular to EC and line EE1 perpendicular to AC

el sha (45“‘%9‘ ) R (‘_,’_uctgi) BIRLEY Hu)ﬁl:; (@”‘Lﬁl) FP2ES (2 ©9) 2 JEava
Step 7 4l e days)

The base and the height of the three triangles have been measured. The final calculation can be done as
follows:

,&ﬁu)ﬁyoﬂd}gdﬁy‘gm\;‘d)su\ sd}u\Jﬁdjﬁ\}l;a\ét@j)\}\L;A:;GJ}SEAo)»}JJJ

Measured s ool
Triangle ABC: base = AC = 130 m Elia (o s3¢s)) 2
height=BB1=55m c)laéé:tuﬁ)\J\o):m\v~=oJQL§
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Triangle ACE: base= AC ~ 130 m

height = EE;=37 m
Triangle CDE: base = EC = 56 m

height = DD;= 55 m

Answer

Area = 0,5 x base x heigh

=0.5x 130mx 55m=3575m’
Area=0.5x 130 mx 37 m= 2 405 m=
Area=0.5mx 56 mx 55 m=

Field ABCDE: 4alu (s 2 &l
Area of triangle ABC =3 575 m’* d)

Area of triangle ACE = 2 405 m’
Area of triangle CDE = 1 540 m’

Total Area =3 575 m”> + 2 405 m* + 1 540 m’

=7520m-= 0.752 ha

5.2 Example 2 Y JUeo, ¥

oyl ¥ o=((ues)) sac @ Culia (Slees)) 2

oy \“/:(Lgl‘d]) t\éﬁ)\
o yla O0F =((mes)) sacld Calia (Bl ome) 2

o e Aé:(gﬁé‘&v\) t&)\

B

tm)\xomﬁx 0= Cialia
@)‘)LVAVG=)3A\Y‘~ X0

Gl =0.5x130mx37m=2405m

Gl =0.5mx 56 mx 55 m=1 540 m?

Gaalise Elia & = 3 575 m?
Caalsa dalia 5 & all =2 405 m?
Caloa ilia (52 =1540 m?

e

The surface area of the field shown in Fig. 30 has to be determined at a time that the field is covered by a
tall crop (e.g. maize or sugarcane).

(S 5
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Fig. 30 A field covered by a tall crop

aansl 5y 53 Y sana 5 500 sl gy 5o JSAY

The field can be divided into two triangles ABD and BCD (see Fig. 31a). Unfortunately, because of the
tall crop, setting out and measurement of the base BD and the two heights AA; and CC, is impossible.

35l 2 64 peonal (9 (i) 8 (i) 2 B s sl silie 5904y (o B slaS 4alu
(sS85 ISl Gl V) (50 (Sadli J oS o il 5l Jgapn yi selii)) o (sacl s al€al 5Y smna

Page 69 of 118



Glulisl (5 5y 3 (S oOFundamentals of land surveying | 2012

Fig. 31a Division of the field in two triangles

S 55 gilia 593 Ay Jeg Al 3 S il ¥

In this case, the area of triangle ABD can be calculated using AD as the base and BB, as the
corresponding height. BB, can be set out and measured outside the cropped area. In the same way,
triangle BCD can be calculated using base BC and the corresponding height DD, (see Fig. 31b).

BB R W UITENEE &@)\ V(2 ) s 4 @ Yxyl) 2 Qb calia A gxs) ) (NS Jda aen 4

Q;L»A&EAJ(&Q‘Gm c‘s._a).l c)»djgugcdﬁ}‘wtg\.\gstg.ﬁhd M}SYWJ@e}SJ)SoJ\.\J\‘SgﬂmLE
(ﬁd&ﬁag._a\‘\ 3T-3)) 35S o )l oy alald 5l g sans i Cua 4y tuS)\J (Exur) s o 47}639\33(‘5““45-.’)3
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Fig. 31b Determination of the areas of the two triangles

Joiumt cialca 3 gililla g9 3 JSC& QY

The procedure to follow on the field is: 03 ol ) g2 4y (S dalu 4448yl

Step 1 4da e (5 o s)
Mark the 4 corners (A, B, C and D) with ranging poles.

el s 4y Jon i) 3 (69 ) oo o2 cs)) 4S8
Step 2 als jo 40 g2
Line AD is set out with ranging poles and extended behind A. Line BC is also set out and extended

behind C (see Fig. 32a). Measure the distances AD (base of triangle ADB) and BC (base of triangle
BCD).
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Fig. 32a Measurement of the bases of the two triangles

JS o3l sacli 53 gifia 5 )50 0 JSS il VY

Step 3 4l e 4y

Set out line BB, (height of triangle ABD) perpendicular to the extended base line AD using one of the
methods described in Chapter 4. In the same way, line DD, (height of triangle BCD) is set out
perpendicular to the extended base line BC (See Fig. 32b) Measure the distance BB, and DD;.

&)Sﬁu)ﬁ.k&(ggcg.;).lc)aeg)ié 24y ‘dﬁhjﬂié%‘ié‘*ﬁ(ﬁé‘&\)ﬁtﬁﬁﬁ*‘jb}ﬂc 'L‘i(cst“cs-.’)‘l
(ﬁd&&uVY d)ﬁj)'décj\ﬁ\ému#}J\Jddj\.&ﬁb&éw%(@»‘@)dbw
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Fig. 32b Measurement of the heights of the two triangles

oS o lail gl yl o g gilla g ) 93 3 JSS QY'Y

Page 73 of 118



Glulisl (5 5y 3 (S oOFundamentals of land surveying | 2012

Step 4 4la ye 4a 518
The base and height of both triangles have been measured. The final calculations can be done as follows:
Gy A3 oy 99 1Y 49 dulae (5 A ) g lay ) lald o 1d ) gl (gaclB oy gifia g g0

Measured (.5 o il

Triangle ABD: base = AD =90 m = xl= oacld s Blia (g e8!
height = BB, - 37 m e VYV = o gl
Triangle BCD: base = BC =70 m e V=g o &Ea(ugssmug)a
height = DD, - 50 m e 0 = iy g ld )
Answer lsa

Area = 0.5 x base x height G pa s2eld 0 ypa Ocv= Caalia
=0.5x90 mx 37 m=1665m’ @e Jia) FFO= TV (o jum iad s (o puaeid=
Area=0.5x 70 mx 50 m= 1 750 m’ giom SO = b s s e Ve o 100 Caalos
Field ABDC: dabli ((ouegeae ) 2

Area triangle ABD = 1 665 m?> =Cabue Glia (2 2 ll)a
Area triangle BCD =1 750 m* = alus &l (2 & )2

Total Area =1 665 m” + 1 750 m’ = 3 415 m* =Zalus o sane
=0.3415 ha ~ approx. 0.34 ha Ly s
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6. HORIZONTAL LINES, SLOPES, CONTOUR LINES
AND DIFFERENCES IN ELEVATION

Surveying or survey levelling is practised to determine the differences in elevation (= vertical distances)
between various points in the field, to measure distances (horizontal distances), to set out contour lines
etc. Major surveying works are done by engineers or qualified surveyors using sophisticated equipment
such as the levelling instrument (see Fig. 33). This Section will only deal with elementary equipment.
Most equipment can be home-made and be used by the farmers themselves after little training.

gl e ) 3 o) Al gl daisa cad ghad (Jlac a5 gad 88) 7

ojgiﬂwjdﬁ&b\go)gﬁﬁaj\ﬁ\(_Am\ﬁdc o)uﬂﬁ\q&bﬁj\d}&déﬁm@ xS

o silalus 5 dgmna 4y o Adanl 54y S SS (o5 sl L Ly adad 5 4y 53 el 3 (JIS (5 s B0 < pllanil
Gl o 558 diny gl ledie 43 a8 (S 4s 5 (2 Sl 5 (ol sl (i 5 el J sl ST 6 ) 45
(o ) slaniad alid 4y () )8 s )5 Sy i 0 ) eu sl Al S S 4

Fig. 33 An example of a leveling instrument

Jla A2 1S Jaaly JS& Y'Y
The various types of equipment and their use described in the sections that follow, are:
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(53 99 B 43 (63 (5 s g S AR 6 a a S (2 Jlestil ) gYTLeL 3 4o g5 Calidg
- Boning rods: horizontal lines and slopes

658 an OOlae ) 45shad (88 abie S Lo

- N-frame level: slopes and contour lines

Sy aisha Jama ol oBe s sl mf ) 2

- Flexible tube water level: countour lines and differences in elevation

658 1Ay O el 3 gl aisha Jasaer Jod G sl 3 a5

- Hand level: contour lines and differences in elevation.

S oy Qg gl o gl Al ghad a1 gl (oY

6.1 Boning Rods

e 21y K )

6.1.1 Description

Boning rods are T-shaped and made of wood. Their height is normally 100 cm and the cross-lath is 50 cm
x 10 cm. The bottom part is sometimes reinforced with metal (see Fig. 34).

@\)&)&Jj\cd 0)34‘533@\~~ @&Lﬂ)\‘dh}»{)};‘\;&é}d}\&)d&&(uﬁ)@Q\)&JJL}?\\
(BIRETY 6,585) .t om digy Al 4 AlS alS a5y 485 gl od (So yle Bl V0 45 0
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K——50cm———

1ﬂcml °
-3

100 cm

10 ecm

Fig. 34 A boning rod

It is important that all boning rods have exactly the same height (100 cm) and while working with the
boning rods, the sun should be kept in the back, as it would otherwise be difficult to see them. Usually a
total of 3 or 4 boning rods is required.

Lol el 53 58 S (o 4lS Sl (e Vo) )l L) o il o s 4y s (lae Sl 03 S (o 00 degao 3 12
SIS e S bgos ¥ AR Yo ca sl ) Guss e dSbadd) d 5iaS gy ATk

6.1.2 Use of boning rods

Boning rods are used to set out horizontal lines or lines with a constant slope. In particular they are used
for setting out canal excavation works, but also for roads and dyke construction.

To be able to set out horizontal lines or lines with a constant slope, the elevation (or height) of two points
on the line (preferably the starting and end points) must be known.

Jlasind L U ol CSai L a 7)Y
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o2 i€ all g o Jg pald 4y 5 spllanind 5 dyall g dle Gl s adshad dza | sishad J6) 50 ;) S b
Sopllantinl ot o jd 39 3 5 (5 pllantinil

43 skl (sly gl s 3) (S had oy shadio g0 2 gl 58 gug)y Bl S5 0m 4y Jas Bl sl Tk 81 S 2 Sl 500
23 s (S J5Ss s

6.1.2.1 Setting out horizontal lines

Suppose a horizontal line has to be set out between the Bench Marks A and B. Bench marks A and B have
the same elevation. The procedure is:

o ) 52 S e i () S (8)) 2 ) o e Eie TS Jle i () ) (6)) 2 bl B g a5 S
.bidﬁgsdﬂ‘g:@)lac&)ltuj)\

Step 1

Set out a straight line between A and B (see Chapter 2) and place intermediate pegs at regular intervals
(see Fig. 35a; pegs C and D).

als jo 5 g gl

,(ﬁd}fﬁgj\wd;ﬁd&id\\"édjﬁ})
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Fig. 35a Setting out a horizontal line, Step 1

&f&ﬂ‘d}}};h@ﬁ\.ld&&d\*é
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Step 2

Place boning rods on top of the two Bench Marks and on top of peg C. The observer, looking just over the
top of boning rod A tries to bring the tops of the boning rods A, B and C in line.

As can be seen from Fig. 35b, boning rod C and thus peg C is too high; the tops of the boning rods are not
in line.

als o dan g2 ¥

S Ui S gl 5)sS A8 ol ) S b (B) 2 S Gl A Ju A Gage e 3 S ole i 50 20 ) Sl
Ny 8o s 4y (o 2 l) s )oK 2

A e aSl gy ag 31 S Ay a5l 60 K e (e A 68 (> S IKE G T g asd

- “_;:;,——._’.:_____ o

notin line
{tgo high)

bench mark B
T peg D .

eI o
=ninar Ll
M=

——— e ionan e bench mark A \&,

Fig. 35b Setting out a horizontal line, Step 2

&f@é}dcd}’gﬁ}l#&é\dwgv&
Step 3

Hammer peg C further into the soil. It may be necessary to excavate some of the soil surrounding peg C
in order to be able to lower peg C sufficiently.

The top of peg C is at the correct elevation when, looking over the top of boning rod A, the tops of the
boning rods A, C and B are in line (see Fig. 35c).

U;)A ‘u:ua_?‘
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e A2 o)’\d&\uﬂstﬂdjf@nJ@}»L}\)b)}\.i&ﬁ\ﬂ}\ybﬁow&u‘}gu@}iﬁdd}f@».ﬁ

g c‘_ﬁ\‘tg\Jﬁjjﬁﬁjjﬁg\)&g)bg\dﬁﬁﬂﬁgd &w)\@magﬁi}Myd}f@»J}\
(HS bz YO 4asd) 548 o dy gy 5igl ) Sl

g C lowared obseryer

excavation

Fig. 35¢ Setting out a horizontal line, Step 3

s jedap e Jygen sishd @l JSG £ YO
Step 4

Place a boning rod on peg D. When looking over the tops of the boning rods A and B it is not possible to
see the top of the boning rod on peg D, as peg D is too low (see Fig. 35d).

U;)AM))B_V

ASaali o 53 5y S g i) adl o)) S b () L(B) 2 S 5 S A A b a2 ) Ko
(B IREIY0 (5)585) Ga8iS KN B B3 (48R gl Sih e (W) 23 02
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Fig. 35d Setting out a horizontal line, Step 4

U;)AMJ}S&‘ ‘JJJP.L:;GQE\J jd&ﬁad"é
Step 5
Replace peg D by a longer peg or pull out peg D and add some soil in the immediate surroundings of D

and hammer peg D again into the soil. Repeat this process until the correct elevation of peg D is found
(see Fig. 35¢).

Goe (9) 248 ) sl ai la dad o ) sla AR 5 o) sl 1) e (69) 2L el (S50 G 4 s 5e (69) 2
(A5 NG IY0 (5)s85) od (o spom 99l Sl s) AR 3 (o gl (o 55S s al s A Sl suli

inline
ﬁag D vaised & .
Paplng up m . A Al

observer

" bench mark A

Fig. 35e Setting out a horizontal line, Step 5
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d;)nuiﬁgc d}iph‘;\s\d&ddrﬁ
Step 6

The two Bench Marks A and B and the pegs C and D all have the same elevation. Line ACDB is
horizontal (Fig. 351).

gl g0 4y Jad (e oo es)) 2 ) ) L)) )il s an e S Jhigge 69 ) (o 2 ) S Jle ml (o 5 ) 2
(B E @Y 5 )585) 60 ) 5l s Dy

"™ pench mark A

Vinlrey

Fig. 35f Setting out a horizontal line, Step 6

UA)AM);\J‘ JJJP‘L;GSS“ 2 JSUE aro
6.1.2.2 Setting out slopes. a7 GOla 37, Ve Ve ¥

The use of boning rods when setting out a slope is the same as described in 6.1.2.1 only, in this case, the
Bench Marks A and B do not have the same elevation. Bench Mark A is either higher or lower than B.
When the difference in elevation and the horizontal distance between A and B are known, the slope can
be calculated (see Volume I, Chapter 3 and Volume 2 Chapter 3 and sections 6.3 and 6.4).

Lg\J@&J%J@éﬁuﬂgdd};@‘u)ﬁA‘_r\dd.\”)la}}J};L}dﬁb@dﬁb)&d@\ﬂ@\)&&)ﬁd

G gl Gl A A5 P S L 5l e LSl min (6)) 2 b gl e ) o g S e i (2
S astee o pu ik 4y (Saeaally e (o (o GV S (ol 5 g5 Aaslaa S Jle i (o 5 ) 0 Slald
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6.2 The N-Frame Level (Js) ghu <o o 27.Y
6.2.1 Description Tara? YN

This instrument, used to set out contour lines or slopes, consists of a wooden frame (a main lath, 2 legs
and 2 cross poles) as shown in Figure 36a. On the main lath, a carpenter level is firmly fixed (e.g. with
metal strips).

(@Qc.k\s.\a}\w\‘ }‘})1-’45“@‘)455‘—‘15}%4;)]3453‘LS).-.’)‘S")L:}-‘(‘:‘“)-‘J u)\gngy#&udd‘b
D) e Sao pu Jaal solai g2 (S b bl 4y 03 (s 9d s S Jul S JSE 4 (a 4]
(o o ke i)

6.2.2 Testing the N-frame level 4diga)) Joa! lSga )2 7Y, Y

Before fixing the carpenter level to the frame, the instrument must be tested to make sure that the
carpenter level is in the correct position.

Gl maaa dal )i S dala oy & 5 3 disalsaball e (Saaaal g i Jal s lada
REBUSIS-

The frame is placed on two points which have the same elevation (for example on a horizontal table or on
a floor that has been checked previously with the carpenter level). If the bubble of the level tube is not
exactly in between the marks, the carpenter level must be adjusted by putting a spacer (e.g. thin piece of
board) under one end of the level (see Fig. 36a and b).

A5 52 e B s aSsidy Jhen) 15 s sl Ll sre )50 (3 a S S Doyl (S skl g0 4y S
dse s adlyaie fosad 900 sl sl a @Ay g o S (Gsesh S emdsd Gy S
j\g_'ﬂ\\‘?)'&ﬁidd}i}g\gﬁy@,\aﬁdd}.ﬂdqﬁiﬁ¢‘_,7_uﬁ\ﬁo)&ﬂdﬁg\%éﬁé}\i&ﬁddﬁbd}ﬂ&)\;&

(sosSse
L
[= 2to3m 3_[J
| _w——carpenter level |
| = ] . |
o main lath
metal strips
0.9 m Cross pale
leg

Fig. 36a The N-frame level
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Jod Clsa o 2l ?

BEFQRE ADJUSTMENT AFTER ADJUSTMENT
:T@ﬁ spacer
carpenter level carpenter level
main lath maln [ath

Fig. 36b Testing the N-frame level

dige ) dosd Sl o) 0 IS Y7
6.2.3 Use of the N-frame level g S S g Jadd o) A7 YeY

The N-frame level is used to set out contour lines and slopes on the field.

G S S daliuago )l (Bl ) sighd Jama s lS e sl o) o
6.2.3.1 Setting out contour lines a5 gighi Laad £ Vel
Starting from peg (A), a contour line has to be set out. The procedure to follow is:

tedds i 4 (anh S0 e i abhd e g 558 g s b 4R (55 a(ll)
Step 1 s ja (5 g0l
One leg of the instrument is placed close to peg (A). By turning the frame around this leg, a position of
the frame is found such that the second leg is on the ground and the bubble of the carpenter level is in
between the marks. This means that the spot thus found by the second leg of the frame is at the same

elevation as the starting point. Both points belong to the same contour line. A new peg (peg B) is driven
in close to the second leg to mark the place (see Fig. 37 a).

cdJﬁL.iLS};JLg.\JLa\P}om@ﬁio)a}}}U@QLSPJ&ﬁidﬁﬂ\&d}h&}f(g_ﬂ\)imz\cﬁﬁid
G2 4g 1 5l ed aBl g Fie 5 9 3 (S sy G sl sl ) D)8 ol ASed 4y A At 50 (2 2 S S lay g
o 93 (SIg s b aasd sn gl ) e 4y S layadan) 5y o (et 52 QS g2 3 (o 0 oS g 13 (2 02 (Sina
Gh A 5 U8y ST 52,0 AT (o (e 533 (B R ) 3G B R Gl o) B b e 4 SO
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Fig. 37a Setting out a contour line, Step 1
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Step 2 4l jo 4aa 5o

The N-frame is moved to the newly-placed peg and the procedure is repeated until the end of the field is
reached. All the pegs, thus driven in the ground, form a contour line (see Fig. 37b).

> A ol NS aas iaG sk sl oS Ay A adla (50 ) (658 OIS a AT Caige 58 DS o) 2
(60585 SE QYY) sy ysaba Ghme (S8R 1 5 48S (sl sl ale

Fig. 37b Setting out a contour line, Step 2

s je aa o3¢ ann il Jaias o SRS QTY
Step 3 4l e 4y

When the first contour line has been pegged out it might be necessary to make minor adjustments by
moving some of the pegs to the left or to the right to find a smooth line. Most of the pegs will remain in
the same place. The smooth line thus formed by the pegs represents the first contour line.

A 0 o) e e sloln slA 4y sigde sians a3 A G s A b (S A et asa 5 el 2 4K
abanl 5y 5l gpe 428 2485 jlaad ishd o i (L0 TG BB da Qe 0 A lmbda g o & S
LS S sk G g el (2 0 S

Step 4 4la ye 4a 518

The next step is to determine the second contour line. A choice has to be made on how many centimeters
lower (or higher) the next contour line should be. This choice should be based on the required accuracy (a
little difference in height means it is more accurate), the general slope of the area and the regularity of the
general slope of the area. In practice, the height difference will vary between 10 and 50 cm.
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In this example, a height difference of 20 cm was chosen. This means that the ground level near peg A
should be 20 cm higher than the ground level near peg A (see Fig. 38). The position of peg A. is found by
trial and error, using e.g. the method described in section 3.4 to measure the vertical distance between the
ground levels near A and Al. peg (Al) represents the starting point of the second contour line. Now
follow the procedure described above to determine the second contour line (see Fig. 38).
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Fig. 38 Setting out the second contour line

pa i bl haasa ot 93 3 JSETA

6.2.3.2 Setting out slopes a5 Oba d 7,1, 1Y

In addition to the determination of contour lines the N-frame level can be used to set out lines with a
uniform slope, which is useful, e.g. for setting out furrows or ditches.

LidusaeaasSe 8 poa (Sl aliie 02 (0 VS Jsd QS sa 0 3 ¢ dpadiiiar gishd Jamad oy
(62 )5S el sy sy S

Example Jts
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Suppose that the slope of a ditch to be set out on the field is 1% (one percent). In order to use the N-frame
level to set out slopes, it requires a modification; one leg has to be shortened. In this example, one leg has
to be shortened by 2 cm, as the length of the main lath is 2 m and the required slope is 1%. (Note 1% of 2

m =2 cm). See
Adal Cllm gl a2t dad po e Ah (Saale g (a8 e s 2 (2 S8 (2 0

e 050 3 dad s Cagl) L S (S sS o il 4y yle (Bl Yo al (pddne s 58 5 S Jlerdul o ) gl s 3 (Ol
(S 0 sie (Sl (550

carpenter level

. I = 11
longest leg shortest leg
90 cm 88 em
;
| -
)] e T2om
) I
k— 200 cm —

Fig. 39 Modified N-frame level

ool Ly s S s ) 2 U5 T4

A slope of 1.5% would require one Leg to be 3 cm (1.5% of 2 m) shorter; a slope of 2% would require a 4
cm (2% of 2 m) shorter leg.

4 Ayl })'.'m‘sl'\h»\a.JA.;Q)\:\AYZ.Jcngo.lﬂo)fmGﬁmd).:%aﬁ@&)b\gﬁ)\ﬁddqoﬂy\céy..l
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Step 1 41a e (5 o 5!

The shortest leg of the N-frame is placed close to the starting peg (A). By turning the N-frame around this
leg, a position is found such that the second leg is on the ground and the bubble of the carpenter level is in
between the marks. The spot thus found is 2 cm lower than the starting point and is marked with a new
peg (peg B)(see Fig. 40a).
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Fig. 40a Setting out a slope, Step 1

s ye 5 el e f (Bhae 3 IS5 lIF
Step 2 4ls ja 4a 52

The N-frame is moved and the short leg is placed near peg (B). The procedure is repeated until the end of
the field is reached. The succession of pegs thus placed form a line with a slope of 1% (see Fig. 40b). This
line would be, after correction, the centre line of a ditch with a slope of 1%.
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Fig. 40b Setting out a slope, Step 2
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6.3 The Flexible Tube Water Leveld 93 (a5 )4 19 5055 g 3 sl 37 ¥

6.3.1 Description <lag i 7.9

The flexible tube water level, used for contour lines and measuring differences in elevation, consists of
two staffs with a length of about 2 m and a transparent flexible tube of about 14 m long. The ends of the
tube are firmly fixed to the staffs (see Fig. 41).

> 43R ol o201 gl g pllentinl ol g1 S s Jlail 2 gilelE ) giliia 3 g gighd amae a Jl s sl 2
s ) Qi gsd g s Ayl e i) ¥ 4AR e il 00 s sl G sy sl o Y
(sS85 JEFY) (62 (59d Ko pus

Sometimes, a 10 m long rope is fixed to the staffs to limit the distance between the staffs. The rope thus
helps to prevent damage to the tube.

6}543&)40‘5»4)\3}\,L_,’.ffaoJ}mﬁmé&a)3}31.3J}i)ﬁdﬁw}ggﬂw)cﬁc)»é\}dij\@g})ﬁn\~ 24K
g Ak A S

The tube is filled with muddy water so that the water level is about 1 m high in each of the tube ends. It is

essential Chat no air bubbles are trapped in the tube. Air bubbles can be removed by tapping the tube with
the finger.

4 Saerergsrahe )l gl e g (S ma Qi mhe sl 240l S0 4R gl g A 3
s> adie s yu o 438 4w Se gl LAl S
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Wherever the two staffs are set, the free water surfaces in the tube ends have the same level (see Fig. 42).
This is called the "communicating vessel" principle.

243 63 5l (sSs ISEFY), sy dol s (S dy a0l ) sal 0 es 0l JsiiS Db 60 > s
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-5 {af e

tube 14 m

Fig. 41 Flexible tube water level
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Fig. 42 The "communicating vessel" principle
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6.3.2.1 Setting out contour lines Jsgss sshid Jaman
To set out a contour line with a Cube water level, the following procedure is used:

- sllenind 4dy yha Y (3 4y Jsd 2 gl 2o g yeadad amas
Step 1 41a e (5 o s)

The two staffs are placed back to back at the starting point marked with peg (A). After the air bubbles
have been removed and the water has come to a rest, a mark is made on both staffs, indicating the water
level (see Fig 43a).

)3 (o> A g s S Jasinl o sd a4 Al e (U)) 2 S S b el el b 0
ISl YY) g das 59l 2 (o s eS asainl ol sy g At o s (55 sl S 4ag) 5l J Y sasie dd S
(o585

Step 2 4ls ja 4a 52
The lead man takes one staff and drags the tube in what seems to be the direction of the contour line.

When the tube is almost stretched, the lead man moves slowly up and down the slope until he obtains a
position where the water level coincides with the mark (see Fig. 43b).

S sS S e dsd n B 4 G (A S S b4 bd Chae s g el o ) el o g SSsa Y
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SIDE VIEW FRONT VIEW
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Fig. 43a Setting out a contour line, Step 1
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lagd man

Fig. 43b Setting out a contour line, Step 2

ALJAMA}JJ}J\P)SL&&MQNLQ?V

The point where the staff is then standing is at the same level as the starting point. A second peg (peg B)
is placed at this point.

4834 () G a9l s (Sl e o (ST dn 3 S Jsn AL Adls Ay )y (a a S G ge dia
LSS Jsinl (S LSS

Step 3 4la e 4y
The procedure is repeated, starting from peg (B), to find the third point (peg C) of the contour line.
e e (o) S m s Chises A 56 0S8 dn AR e () 2 o)) S e ARk s

Care should be taken to avoid spilling water whenever the staffs are moved. For this purpose, the ends of
the tube can be closed with plugs during transport. It is essential to remove the plugs during the
measurements, otherwise the communicating vessels principle is not applicable anymore and
measurements will be wrong,.
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4 3 S a4y sl ae Ll (500 5 S5 s sihe (o 43R 5060 sl ol 5 568 )y CS pa Ay 2 4

o Il 53 (4S8 5 S i) 43R 5 pu d g KL (S G 4 Nl o e s 1 o) e S 55 Sy 5 (S sis e
234 5 553 Hsi sl Al adale axiual

6.3.2.2 Measuring differences in elevation JsS o plail o gdis Mgyl a

For the measurement of differences in elevation between two points in the field, the tube water level is
adapted. Each staff is graduated in centimeters and used as a measuring staff. The zero point usually
coincides with the foot of the staff (see Fig. 44).

3 sS e lail aadly ja o) s pllaind Can J ol sagh 3 oo ol o o sl 2 g 1d5 ) 3 Aie 3 ghaliogn o (S aalu 4y
(LEJ)S}N\G\G) s&\)é@.\@@b&;}&g)@yA}“o.\.\}ua)h.\\jﬁé.}b@}‘d}j\.qﬂy\b)\.ﬂ

A. Measuring the differnce in elevation between two close points
e i ghall (6003 9930 J S 0 il g i o, all

Suppose the difference in elevation between two points A and B has to be measured; A and B are less
than 10 m apart.

.OJJ&}):\A\i JML&A(GJ}\L;\)J.OJSOJ‘JS‘)#}3(;‘})}!.3(@}\&‘))ﬁ}@%}}dd@@s}w\d

The first staff is set on point A and the second staff on point B (see Fig. 45). After the water level in both
stand tubes comes to a rest, a reading is made on both staffs. The difference in elevation between points A
and B is calculated by the formula:

5252 e e A dius ) spS Ja syl (0S adali 4y () 24y 4 50 5) 5 S o) (S Al 4y 5 Sy 5 el
Y 3 ons s 3 e 5 i siadge (2 5 1)L S din sl mhas gy 5 )50 30 28 S 4us) S s sl
LE),-.\-‘L“;")“‘&M‘)-’J}AJ}S

Difference in elevation between A and B = reading on staff A - reading on staff B

ol (b 2o — ol bl a= Ak S ) ) 2 Dslai ) g
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Fig 44 Graduation of a staff
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Fig. 45 Determination of difference in elevation between two close points
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In our example (see Fig. 45): (585 JSi¥0) (uS Jhe 43 ) 5 4
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Measured sl
reading on staff A: 0.50 m e el e el Jiugl bl
reading on staff B: 1.50 e )0 e ged diud b 22

Answer <l s>
Difference in elevation between A and B = Galis gyl gl
reading A - reading B = 0.50 - 1.50 =-1.00 m

S - =00V 00 axe g il b na- e el il Jbla=GglE gy o))

In this case, the reading on staff B is higher than the reading on staff A; the result of the subtraction is
negative which means that point B is below point A.

410 2 0d Al alily (5 8 g2 g2 sl axe el Jiusl b Sl a2 b Jlud Db o S Al Ay 4y
LG AAR LSSl 0 N (2 e e (6

If the reading on staff B is lower than the reading on staff A, the result of the subtraction is positive which
means that point B is above point A.

4l e Gulle (4l G i gy b e el e (Db ol aSalh a4 ae o ph il g 4aS
L0 a8 STl y plan SEad o 0 e s

B. Measuring the difference in elevation between two distant points
JsS o0l mi (s ysl Fie ji Gl g ) 550000

Suppose the difference in elevation between two points A and B has to be measured, and A and B are
more than 10 meters apart.

&}):m\~ J‘\ALMA@A)S )MGJ}\LE‘J}\‘Ls):‘S"J.“i"):‘:‘.)3(;‘},2)33@"’)3#}}3'3(5%(5;‘5}(5“\3
L 0d ‘\SLU

The flexible tube of the instrument is too short to take only one measurement. Several steps are needed.
(3 ) s e AL o il g o Il e gy i e (o 62 S s qai e
Step 1 41a e (5 o 5!

In between points A and B, pegs are placed at intervals slightly less than 10 meters (see pegs C, D and E
in Fig. 46a).

)51 (53 bomn > IS JSE il F7) (5 € sl sl Alali o) 45 458 0 i Vv 3 lsge cgiia i Gl g o) (51
(BosSs S
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A

Fig. 46a Determination of difference in elevation, Step 1

d;)atgf)h d)m&}m)é\}ﬂ)‘d&&d\ff
Step 2 4l e 4aa 5o
The back staff is set near peg A, and the front staff near peg C (see Fig. 46b).

(0sSs I5a ¥ 7)) 6pS Jasuinl (525040 (5990 (o 2 4l (e She (58 Jasuinl (5.5 40 (5900 () 240l ol 0

Fig. 46b Determination of difference in elevation, Step 2

AJA)AMA}J‘ JMQJNJJ‘}J}.‘J&.&U\G?

A reading is made on both staffs and the results written down in a book. The back reading in one column,
the front reading in another column.

gl bxed o Helwsgday (gl b Ly, oS sl S asliSaall ol dae (558 Jiwgl ob 5530
243 GO (b de a5l sl e Ay sl Ay y 2 > SRNEER s s sl
C S S S O s

Between pegs Back Reading (m) Front Reading (m)
Aand C 0.75 1.25

Step 3 s e 4ay 0

Both men move. The back staff is set near peg C and the front staff is set near peg D. Again, readings are
made and entered in the book (see Fig. 46¢).
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Fig. 46¢ Determination of difference in elevation, Step 3

UA)AM...\)J‘ JMQJEJQ\}JJJ‘J&&&\G?

The procedure is repeated until the front staff is set near peg B and the back staff is set near the last
intermediate peg (E in our example). The last readings are made and written down in the book.

5 52 AT Fae (e (Sl s s 3 A oLl o ) (B (60,0 A () 4y (e 3 (2 SopUl ST Ak ST 4y Hha I
S I (S QS 4y 5 S Ji ) sigaae o W A s ),

EXAMPLE: JUia

Between pegs  Back Reading (m) Front Reading (m)

Aand C 0.75 1.25
CandD 0.52 1.48
Dand E 1.23 0.77
E and B 0.41 1.59
Total 2.91 5.09

Step 4 4la e 4a 518
The difference in elevation between point A and point B is given by the formula:
.LEQ;‘SJ-J)@‘\LM\);HJ}AJJAEMYJE}S‘;\} «J)S'jéj‘)z(cs'.’}‘ ! _j) shdi g

Difference in elevation = sum of the back readings - sum of the front readings
de sane 23 Jiugd o b Ak Ao g e gd Jingd (Sboldia= jugiglgyda

In our example: bl 4y Jlie 45 ) g3 0
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Measu @)l
sum back readings =2.91 m
sum front readings = 5.09 m

Answer
difference in elevation between A and B
=29l m-509m=-2.18m

The negative result means that point B is below point A. A positive result would indicate that point B is
above point A.

333 (gl aadadt 3 a0l ma g a4l atila sa gy 48X ety gl aadadi s a aen 2404l &
H R 3 A PR R R A
L 02 0’2}.‘455

6.4 The Hand Level

6.4.1 Description

The hand level consists of a 10-12 cm long tube with an eye piece at one end and two hair lines (one
horizontal and the other vertical) at the other end. Attached to the tube is a small carpenter level (see Fig.
47).

Jsd Y 7.F

C-’)‘l’ 7 ¥

5) Aighad oaiiladlingo s ol 4358 s fdal D4R K iy AL b ay gl e il Ay Al VY 2 sl Y
ddsl e @ G day b st (S pudidy o) s g (Ba b Gage o dh ) g2 ba 8

(B J8GFY 6, 85)
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. l bublde
tye Filecﬂ carpenter levely mark
W
line of sight 1|I1f'
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Fig. 47 A hand level
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When the operator looks through the eye-piece, the mirror inside the tube, reflects (on the right hand side)
the position of the bubble of the carpenter level. The instrument is made in such a way that when the
bubble is in sight on the horizontal hair line, the instrument is horizontal and the line of sight is horizontal
(see Fig. 48).

s et 3 (S G o4y ) ol (S JAlvay 5585 (S (A o 8) Gl (ol 4y (SES Jee a4
S A G Al s (81 e dg lad EI D (S g alS aonslio g dgd el 4 all 4y (658 ) Sl A5 S
(A8 IS FA (5, 585) s A il b gladla

looking thraugh the instrument

HORIZONTAL - bubble

By W]
<i—EEI,t —line of sight— — 43— — =3 horizontal
hairline

t

vertical hairline

NOT HORIZONTAL laoking through the instrument

harizanta)
hairline

(}-jbuEbT__
{

vertical hairline

Fig. 48 Use of the hand level

(A s Jlaiaad 3 Jgal ¥ 2 S5 FA)

For greater stability the instrument can be supported by a forked bush pole, with a metal plate attached to
the bottom. This assures that the instrument is always at the same height above the ground surface.

Jsd & JeaSdsSos S ohadsl ds sl o ) suSdso Saalingdals Wl aliasadal s
(ﬁ\aﬂ &»&)}S}) d}}&m)\o)\m\ﬁﬁ‘ﬁkadaﬁndw

6.4.2 Use of the hand level

The hand level can be used to set out contour lines and to measure the difference in elevation between
two points.

Jlezivl Jod Y2 7 ¥ Y
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Lg):\suﬂu\ cJLgJ}S}ScJ\JJ\JENJ\J@AJ#DJJJ}\ L;GE:\MJJ):\.‘GMY

6.4.2.1 Setting out contour lines
sy sisha Jhmar 7))
Step 1

The forked pole is set on the starting point. The hand level is placed on the crotch of the forked pole and
tilted slowly until the bubble is seen at the horizontal hair line (see Fig. 49a).

als jo 5 pagl)

2 S o> oS D) ol (S AAlE gy Jadd o S R 4 A (Sahaliag e gl aahaald o aga
(45 J5E Al FA ()8 ), (o daslae sl lad B Al gy 4l s

looking through
tha instrument

N - ﬁhalld level
/e

«—forked bush pole

A
V)

Fig. 49a Setting out a contour line, Step 1
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Step 2

A ranging pole is brought close to the hand level, and placed on the ground at the same elevation as the
starting point (see Fig. 49b).

als ja 4ad 0¥

B neld (Sakiiay JaSe g ph0 gl cpe 49488 (Swd o o) S d el a8 dsd Y 5 ds )
(BdL ¥ ,85) sas

Q‘. — R =— coloured cloth

or tape

forked bush pale —w —+—— ranging pole

Fig. 49b Setting out a contour line, Step 2
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Step 3

Looking through the hand level, the elevation of the horizontal hairline is marked on the ranging pole.
This can be done by tying a piece of coloured cloth around the pole, or with some coloured tape. The top
side of the cloth or tape should coincide with the horizontal hairline of the instrument (see Fig. 49c¢).

4.3;‘)44.4,3‘))

A5y 24 A e Sl b ) S A eabda ) 4 gllhs JB8la g YAl gSadaal Jal Yo
(IS ¥ )s8s) s Ml ba B 4 jupddal S0 g S Slsdhul g oddel So

=

forked bush pole ..

coloured cloth
ar tape

ranging pole

Fig. 49¢ Setting out a contour line, Step 3
UA)AM.\”)J cdjiﬁﬁ&md‘d&ﬁadfﬁ
Step 4

The ranging pole is placed about 10 to 15 meters away from the instrument in the general direction of the
contour line. The assistant moves with the ranging pole slowly up and down the slope. The observer
sights the pole and follows it by rotating the instrument, holding the bubble on the horizontal hairline.
When the top of the ranging mark on the pole coincides with the horizontal hairline, the ranging pole is
set on a point (B) which is exactly at the same elevation as the starting point (A) (see Fig. 49d). This point
is marked with a peg.
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Fig. 49d Setting out a contour line, Step 4
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Step 5

The same process is repeated, this time starting from peg (B), to find the next point (C) of the contour
line.

U;)AM&S_..\..\:_&
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REMARK: The hand level can only be used with accuracy up to a distance of about 15 m. Vision will
become poor beyond this distance and accuracy cannot be maintained.
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6.4.2.2 Measuring differences in elevation.
LIS e )il gl glai)l o 7. F. VY

A. Measuring the difference in elevation between two close points

The difference in elevation between two close points (A and B) can be measured with a hand level and a
graduated staff. The procedure to follow is:

(S shil (53090 4y J S ol sléi e lds )l a2
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Step 1

The observer takes a position about half way between the two points A and B, that are less than 25 m
apart, Over this distance the hand level can be used with reasonable accuracy (see Fig. 50a).

s je 5 pagl)
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Step 2

The assistant places the staff at point A. The observer sights the staff at point A and moves the instrument
to the horizontal position. The value indicated by the horizontal hairline is read and written down by the
observer (see Fig. 50b). This reading is called a back reading.
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Fig. 50a Measuring the difference in elevation, Step 1
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hack reading 1.62 m
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Fig. 50b Measuring the difference in elevation, Step 2
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Step 3

The assistant walks to point B and places the staff on point B. The observer turns around, the bush pole
remaining in the same spot, and sights the staff at point B. After moving the instrument to the horizontal
position, the value indicated by the horizontal hairline on the staff is read and written down (see Fig. 50c).
This reading is called a front reading. forward reading 1.38 m
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forward reading 1.3B m
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Fig. 50c Measuring the difference in elevation, Step 3
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Step 4 als je4a 48
The difference in elevation between point A and point B can be calculated with the formula:
S opSlay adau) 4 J a8 1Y 3 Gl el () Sl ($)) 2

Difference in elevation between A and B = reading on A - reading on B
= back reading - front reading

Jingl () 20— sl (G)) 2= gl () ) (6)) 2
In our example: Jia
Measured )\
reading on A (back reading): 1.62 m VEY Jie Ly i () 2
reading on B (front reading): 1.38 m VYA i) e (Sl () 2

Answer s
Difference in elevation = 1.62 - 1.38 =+ 0.24 m oy Y¥ =1 7Y ) VA= jugigld s

The result is positive; point B is above point A. A negative result would mean that point B is below point

23 (S y (520 i sy dledayiiaSlsas ) d adl adio (gl o adadi 2 6 Cafie 4agl
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B. Measuring the difference in elevation between two distant points When points A and B are further
apart than 25 m, the procedure to follow is:

0 ia YO 243X o g il (2 5l ) (o S T el 4 (S ghalli (5 ) 590 A4y JsS b il D glal e i Hl 20 - Y
S5 hall g A agasl

Step 1

Place pegs at points A and B and at intervals of 25 m or less in between points A and B. See example Fig.
51.

DAl e el )
sl JUa JE 0 g)ﬁjcdﬁsdﬁﬁgﬁcydeMch)ﬁAYéJé_’mjjjlaiid(‘sg}\tg\)aolg}f

8
F I

Fig. 51 Measuring the difference in elevation between two distant points A and B
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Step 2

The observer takes up a position between A and C and measures the difference in elevation between point
A (near peg A) and point C (near point C) as described in the previous section.

als o dan oo Y

4 b SAe 2 gl ) mie 5 shili () ) (G)) 2 ) ot QmBse Fise S skl (o) ) (1) 2 (SsS 0l
Sy el

Step 3

The observer takes up a position between point C and point D. The assistant turns the staff at point C in
the direction of point D. The staff should stay in the same position and not be lifted.

:U;)AM:\)J_V

(659) 2 fn (ot S5 An 02 3 i Sca S 5l (ot Cinpa ik 5 sl (53 5 (o 3 oS58 o 5101 [ K358 o0 Like
e A ol ) 5 B Cnl ge 4i 4g Al 4y 5l 55 )) A3 ik (S

Step 4

Measure the difference in elevation between points C and D as described in the previous section.
Continue until the difference in elevation between the last intermediate point and B has been determined.

U;)AM))B_\G

Go53 bl J () 245 GRob 483 5l el 49 (& pha (SAe 5 558y e Pl Zie i skl (9) sl (o) 2
EE SRS

Step 5

The difference in elevation between point A and point B is the sum of the differences in elevation
between point A, all intermediate points and point B.

d;)a dadin 'M-é
B (o€ gana 3 gl old ) 3 sl g3 K3 (5 gluse DgldE S8 ) 2 Al i ghalli () ) () 2
Note: The difference in elevation between point A and point B can be found with the formula:

Difference in elevation between A and B = sum of back readings - sum of front readings
S I adan) g 49 Jge )y sd Y 3 Dl o6 ) Aie 5 gl o gl (o) 20 ol

4c gana glin gl a3 — de gana gl LG 0= Ol S ) 3
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EXAMPLE (see Fig. 51):

(45 055 0 5,85 ) e

63 Js9 Y 4y s )l

Between points: Back Reading (m) Front Reading (m) Difference in Elevation (m)

Aand C
Cand D
D and E
Eand F
Fand B
Total

0.65
0.20
1.80
1.75
1.37
5.77

1.40
1.25
0.50
0.95
1.24
5.34

-0.75
- 1.05
+1.30
+0.80
+0.13
+0.43

Difference in elevation between A and B = Sum of back readings - sum of front readings

4c gana gliv gl e 3 de gana gl ol LS o= & glai g la l o

=5.77-534=+043m

The difference in elevation is positive, which means that point B is above point A.
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