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Accuracy: Relation between measured value and true value.

Precision: Refinement with which the measurement is made.

d Q(Years). Two students (X and Y) were supposed to measure a 20m line . If student X
measurements were (19.96,19.95,19.94) and the second students measurements
were (19.99, 19.96, 20.02) , which of the students is more precise ?

Ans. X ( oozl Ldany (3a 4y jliia a2l

d Q(Years). The relation between measured value and true value is known as precision ?
Ans. False (Accuracy)

dQ(Years). As error to true value increases the accuracy of work decrease ?
Ans. True
dQ(Years). Mistakes occur in every survey measurement and its beyond the control of surveyor ?

Ans. False (Accidental errors )



dQ(Years).

Latitudes range from ~ to _ degrees. They extend in the
direction.

Ans.
0'to 180, East to west

Longitudes range from to degrees, They extend in the

_ direction.

0'to 360 ,North to south

d Q(Years). Longitudes are used as vertical geographical reference ?
Ans. False (Latitudes is the correct )



 Error of closure=Difference between the measured value and
the theoretically correct value .
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Q. A distance of 5700 ft measured in a surveying operation and was
found to be 5740.75 ft doe to error. Calculate the accuracy ratio ?

; erraor
Accumlcy raho=

True value
~ 5740.75—-5700 \
B 5700 = Actual
40.75 =
= =7.149 x 10
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= Example: measured distance = 250.56
actual = 250.50

006 1 1
25050 4175 4200

Accurcyratio=
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Q. The accuracy ratio for a measured internal angles of a triangles of
the values ?

Angle Value
1 71°12 13
2 55°34 27

18000 — (711213 +553427 )=532159

Caliia 43 Y of AAN 45 o) 51 Sl Liad



Angle Value

1 71°12 13
2 553427
3 532159
Sum 180°8 39

180839 — 18000 =0 8 39

0839
—— _ —=8.00*10"*
180°0 0
| 1
— =400 « 10—3 x =1248.55 o 1250

X
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0+ 69 =69m 1+1=11m

54+ 69 =569m 34+ 69 =369m

1+00=100m 3+169 =3169m



Q. If the station of a certain position is 2 + 36.72 and stations are taken
each 100 m. Then the distance of that position from the base point is ?

2x100+36.72 = 236.72

Q. If the station of a certain position is 237 + 024.32 and stations are
taken each 1 km. Find the distance of that position from the base point ?

237 1000 + 024.32 = 237024.32

1Q(Years). The station of certain position is (987 + 65.43) if you knew that
stations are taken each 75 m then the distance of that position to the base ?

987 + 75 + 65.43 = 74090.43



" IS . ”»
Q3: Give the station of point A in two ‘\.EMS (Y- JAJ-“ @jvﬁ J‘J,Jﬁ

different methods.

iy sl Led 3 LAY Sy Lia

ala) ) daga cila glae
-@x// - Vertical distance

e v (V)

' - Gradient (rate of
grade) (g%)

Slope angle (0) - Zenith angle (Z)

=90 -0



Q. The slope distance between two points is 36.255 m, and the
slope angle is 1'50 Compute the horizontal distance ?

sUara & Ao )

-

S$=36255m

cosl®51' = 36255 36.23 m

dQ(Years). The slope distance(J!') between two points is 299.908 m, and the
difference in elevations(s < ,Y) between the pointis 4.235 , what is the
horizontal distance(42¥) 43L.ll) between the points ?

A OLEMJ&;\.AMJJ\

4.235m

299908 m ]

D2 + (4.235)2 = (299.908)2 D = 299.878

0

a

D=777 |




Q. A distance of 210.23 m was measured along a 3-percent slope.
Compute the horizontal distance ?

S =3%
e i iy 210.23

ile | slara &
s ol Lgan



f=tan1S — 0=tan"10.03 — g9=171

cos O — cos1l.71 =

“L| X
=»

210.23

H=210.135



Q. A distance AB of 244.57 ft was measured along a 4% slope. Than
distance BC of 124.7 m was measured along a slope ground having angle
of elevation of 3 37 Estimate total the horizontal distance A to C ?

C

v

slaza 1€ Aau il




0 =tan" 1S f = tan"10.04 0 =2.29

—H C0S 2.29 = 1y H=174.31
cosf == ' 244.57 =
. H,
cos3 39 =7~ H, = 124.45

H,+H,=74.31+124.45 = 198.76



Given Station of point A =2 + 25 Q‘u\‘ o () ‘9 "
Elevation of point A =228.32 m * d
Station of point B =7 + 32
AB gradient =-2.5 % sUazq Ji Ao J-“

Required Elevation of i)oint B. skl

A (22832 m) ~ gaball jsaall e sl Y

\%

2+ 25 H b &l o Al A Al Clua

7+ 32
i s s i ()l i
SRR

1Y) cliladl e s ciland] H = 7:132 ~ 22<= 507

=2x*100+ 25
=7*100 + 32



Given Station of point A =2 + 2§
Elevation of point A =228.32 m
Station of point B =7 + 32
AB gradient = - 2.5 %

v v
9% = (E) « 100% ~2.5% = (507) «100% V=—12.68

E,=EA-V Ep,=228.32—-12.68 = 215.64



Given Station of point A =5 + 275 _
Elevation of point A = 375.85 m Required Gradient of line AB. Jjb.d\

Station of point B = 23 + 045
Elevation of point B =123.67 m "
\ s

. o~ M
A (375.85 m) sl £ dea
g =21
¥ il 2l il a3 Y1 Akl (il

3+273 H  B(123.67)
23 + 045 H = 23045 —-5275=17770

/ \=5*1000+275

=23 x1000 + 045

V=123.67 —375.85 = —-252.18 % = 1 100% = —1.42%
= — = — — * = —1.
' ' ' g7 17770 ° °



dQ(Years). If the accuracy ratio for a measured internal angle of a hexagon of the values :

L'LL,120°516 ,119°37 15 ,120°18 ,120°638 ,119°52 10 is ﬁ Find the two possible
values for the missing angle ?

True Value = (N — 2) * 180°

SAngles = 599°42 27 + Angle L

AC — 720 — Z/{ngles 1 _ 720 — (599 42 207 + Angle L) Angle L = 119°34'21"
720 1000 720
- YAngles — 720 1 (5994227 + AngleL)—720 Angle L = 121°00'45"

720° 1000 720°



JTape Measurements:

Jlazin) ie | jlaialy s Sall | Jhg agle b Ladla g Jean s age & saa 54
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Standard Conditions for Steel Tapes

Metric system: o
1- Temp =120°C e or 68F
2-  Fully supported (no sag)
3-  Under S0 N tension = 5.1 kgf

Cigyall a8 1) 8 Latie U | a4 sk 3o 9 Jule (K
ale JS maiai 488 7 il gy, Jalse 3 aual ¥ 4l all



Q. A 100-ft steel tape known to be only 99.98 ft long (under standard conditions) was
used to record a measurement of 398.36 ft. What is the distance corrected for erroneous
tape?

Ans .

Standard Conditions for Steel Tapes
Metric system:
I- Temp =20°C
2-  Fully supported (no sag)
3- Under 50 N tension = 5.1 kgf

If any condition is not met, then correction should be made.

dlall (o plall cand 8 o) ell J8 1Y) &\;ﬂ\o&e@mwc_\mdﬁ)ﬁmﬂhy
ALY g il 5 Sl mgits 5 Lgmsmi J e d 2m s Y 55 59001 Jalpall ¢ ey 1343
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Correction per length = Actual length of tape — Correct length of tape

Correction per length = 9998 -100 Used(seen)

= —0 \ oy Y 38 a8 01 13
e b a5l 4 yaa clile
43) 5 o 3lhac) axe Alla

Al 50 e
398.36

Total length measured Number of tape =
Correct length of the tape — 3.9836 tapes

Number of tape =



Total correction = Correction per length x Number of tape

Total correction = 3.9836 x-0.02
= —().0797 ft

Corrected distance = Distance measured + Total correction

\ )5 g 5

Corrected distance = 398.36 — 0.0797 Bt Qi o st s
= 398.280 1t



Q. A 30-m steel tape, known to be 30.004 m (under standard
conditions) was used to record a measurement of 271.118 m. What is
the distance corrected for the erroneous tape length?

Correction per length = Actual length of tape — Correct length of tape

»oti or leneth = 30. -3 \
Correction per length = 30.004 - 30 used
=+0.004 m
I ANz N
Total length measured Number of tape = b

Number of tape = — .
Correct length of the tape =9.0373 tapes

Total correction = Correction per length x Number of tape

Total correction = 9.0373 x(+0.004)
=+0.03615m
271.118+0.03615
=271.154 m

Corrected distance = Distance measured + Total correction



Q(Years). The distance to be laid out for the front corner of building
is 460.58 , the tape to be used is 99.98 under standard conditions,
what is the corrected distance to be laid out if the seen length of the
tapeis 100 ?

99.98 — 100 = —-0.02

460.58 v
99.98

—0.02 % 4.60 = —0.092 LR 3LEN) (usad

460.58 + 0.092 = 460.672



Q. A rectangular commercial building must be laid out 200.00 wide and 300.00 ft long. If the steel
tape being is 100.02 ft long (under standard conditions), what distances would be laid out?

Wide d)ﬂ\é&j\&)ﬂ‘du‘#‘o%ew

Correction per length = Actual length of tape — Correct length of tape

Correction per length = 100.02 - 100
= +0.02 fi

Total length measured

Number of tape = — -
Correct length of the tape

200
100
= 2tapes

Number of tape =

Total correction = Correction per length x Number of tape : , ,
Measured distance = Distance to be measured + Total correction
Total correction = 2x(+0.02)

Layout distance = 200 — 0. 04 = 199.96
=+0.04 11



Long
Correction per length = Actual length of tape — Correct length of tape

Correction per length = 100.02 -100
= +0.02 f

Total length measured

Number of tape =
Correct length of the tape

3
Number of tape = el
100

= 3 tapes

Total correction = Correction per length x Number of tape

Total correction = 3x(+0.02)
= +0.06 1

Measured distance = Distance to be measured + Total correction

Layout distance = 300 — 0.06 = 299.94

o
I

Jale Jawad o alall ) l8 aia g sl

ALY () oS aalall Al g 30 sad)

G=a*(T 5K

C; = temperature correction
a = thermal coefficient

T = Temp. of tape

Ts = Standard temp

L. = Total Distance measured



Q. A survey distance of 338.12 ft was recorded when the field
temperature was 96°F. What is the distance, corrected for
temperature?

C, =0.00000645(T - 68) L g lia) 8 5 )8 el
‘ | bl pasll (2 o8

C, =0.00000645(96 - 68)338.12

= 40.061 ft Ay s
LS a1 Lol a3 ddlusall
‘_g.iass JA:.\.\ o‘)\.u\)“ Ls“
Corrected distance = 338.12+0.061 L () 2 3 il Jls

=338.181 fi

Corrected distance = L + C,

L_\oJ\J;J\@JJQ_\J\Sd\AL; 4.55)-6
138 5,1 pall Jalaa ()5S (w gealudl
0.0000116



Q. It is required to lay out two points in the field that will be exactly
100.000 m apart . Field conditions indicate that the temperature of
the tape will be 27°C. What distance will be laid out?

C, = 0.0000116(T — 20)L

Lgald 3 Adlisa

C, = 0.0000116 (27 — 20) 100.000
= +0.008 m LAY (e Ll &y 5 Adlwal) oY

Layout distance = 100.000 —/ 0.008 = 99.992 m



Given a standard tension of 50 N for a 30-m steel tape that is being used with a 100-N
force, if the cross-sectional area of the tape is 0.02 cm?, what is the tension error per
tape length?

Cp = tension correction per tape length

_ P = applied tension
C.. = (P PS) * L Ps = standard tension (4.5 — 5.0 kg (S0N))
P L = length of tape under consideration
AE :
A = tape cross-sectional area
E = average modulus of elasticity of steel tapes (21ES kg/ sq cm)
B (100 — 50) 30 B 4
p = 002 % 21 x 105 x 0087 | o0%em *  Hint: 1kg=9.807N 1
, . ; : 5
If a distance of 182.716 m has been measured 21+ 10
182.716
30 *0.0036 = +0.022

=182.716 + 0.022 = 182.738



Q. A distance of 72.55 ft is recorded; a steel tape supported only at the ends with
a tension of 15 |b and weighing 0.016 Ib per foot is used. Find the distance
corrected for sag ?

—_—— ke 0.016° *72.55°

The sag correction, Cs = >3p" - 3%15° =-0.02 ft The corrected distance = 72.55-0.02 =72.53 fi
2 I3 29 u/?. E . _
C = - = w => weight of tape per unit length
S A D2 e A
24P s Y4 P2 W = weight of tape
2 “ P

Q. A 100-ft steel tape weighing 1.8 Ib and supported only at the ends with a
tension of 24 |b is used to measure a distance of 471.16 ft. What is the distance
corrected for sag?

C —W=+ L —(1.8)2 % 471.16 o

=

—0.11
, 9 2
24 P2 24 x 24

471.16 — 0.11 =471.05



Q(Years). Station 8 + 62.63 must be marked in the field. If the steel tape to be
used is only 99.98 (under standard conditions), and if the temperature will be
90F at the time of the measurement, how far from the existing station mark at
10 + 45.26 will the surveyor have to measure back to locate the new station?

The distance = (10 +45.26) —( 8 +62.63) = 182.63 ft

Temperature correction, Cr =0.00000645 (90 - 68) 182.63 =0.03 ft

Error per tape length =99.98 - 100 =- 0.02

182.63

—0.02 — —0.04
* 7100

The required layout distance = 182.63 + 0.03 — 0.04 = 182.62



Q(Years). If a 30 m tape that is 30.003 m long was used to measure a
downgrade slope distance (AB) with 12% grade. AB was found to be
500 m long. If the air temperature at the time of measurement is 0°C,
and a 105 N force was used instead of the standard tension of 50 N. If
the tape was fully supported during all measurements taken.

(J Note : Stations are taken each 100 m the tape has a cross area
0.02cm? , weight of 0. 035 X9 use g=9.807 % and E =21 * 10° C"‘gz

Find:

1 — Tape length correction

Sec2

6- Corrected chainge of a point B if change of A 105+00

2 — Temperature Correction

3 — Tension Correction 7)Elevation of Point B if elevation A is 234.5

4 — Sag Correction

5-Corrected Slope Distance



500
1 — Tape length correction = (30.003 — 30) * =30 - +0.05

2 — Temperature Correction = 0.0000116(0 — 20) * 500 = —0.117

) s (105 —50) * 30 s
3 — Tension Correction = =4.00589 «10
(0.02 * 21 105 9.807)

4 — Sag Correction = Zero , Fully supported

5-Corrected Slope Distance=500+0.05-0.117+0.004=499.937

6 — H = 499.9 cos(tan~1(0. 12)) H = 496.277 distance = 496.277 + 10500 = 10996.339

Chainge = 109 + 96.339

7 —V =/(499.9)2 — (496.339)2 = 59.56 234.5 — 59.56 = 174.94



Q(Years). A road center line runs from station (1+35.75) elevation (476.77) to
station (3+57.25) elevation (255.27), the slope of the center line ?

g = g* 100% 221.5

== 0fy — — 0
g 221.5*100@ 100%

d Q(Years).
The slope distance between two points is 78.22 and zenith angel is 1 20 , what is the horizontal
distance ?

H = 78.22 % cos(90°0 —1°20 ) = 1.82

dQ(Years). A rectangular shape playground was measured with a 30m tape which
measures 30.03, the area was found to be 5625, what is the corrected area ?

Area = 2L * L. = 5625 L = 53.033

3
(30.03 — 30) * + 53.033 =1L

corrected

Area = 2L * L. = 5636.2468



CH3

» Elevation: Vertical distance above or below a reference datum (MSL

(Mean Sea Level) .
(o) e (5 sie Jaw gia) aa e J Al Jaud o el 40 see Al 1p i LY

» Leveling: Determining differences in elevation between two points
Crilads e las HY) 8 QLADEAY) aaal 1dy gl

Rod

Rod

Elevation

Ground Surface




Tvpes of Leveline Errors

C = 0.0785(KA)?

1
refractor error = = 0 f curvature error
C + ° C
r=z
7

dQ(Years). The curvature and refraction errors for a measured
distance of 5 km are ?

C = 0.0785(5)? = 1.96

refractor error = = *1.96 = 0.28



FIGURE

—_—_———————————— — —

—_————————————

Elevation = 389.07

TP 2

» Benchmark(BM) Permanent point of known elevation
) @Udb@ihyw\ AT mjujﬂ&mjjf\lﬂjmfm

Backsight = BS <l dU

O e ) Al s "l L a Slead) Jled o ) Al | (e 3 g o s Sleal) s Sl
5 S e s pns 388 ) Aalas 480 Jes g g sall | Bpan T (oS5 L5 " s 7 s Slen
LAy

Foresight = FS <ulw ¢d

Height of instrument = HI _}lgad) &Lﬁ B)

> Turning point(TP) : Used temporarily to transfer elevation. 4l (lSa i dic



FIGURE

Station | Back sight | Height of Instrument | Foresight | Elevation

—_—————————

BM 50
Elevation = 389.07

BM 50 | 1.27 390.34 389.07
Existing Elevation + BS = HI HI =H +BS XN NI PRI/ RTY
- ( 2
HI — FS = New Elevation =389.07+1.27
= 390.34

b gea a8 & (e g e 23 g 0 bon s Ay e Slead) J lani &5 ey Leeld ) iy yrall Adaiill e o
Oftad allad g Ay e S5 Sleadl J s A

Station | Back sight | Height of Instrument | Foresight | Elevation ):"45\ ‘dﬂ& \-@-A-w\ :\-LISJ L\j U'_\;\A gﬂhj ‘)Leéj\ ‘).-?-\ H
Oh s oY1 b @l J o Aad 0 s 5 Le8l yau g
BM 50 | 1.27 390.34 389.07 ALl B ghadll ) S5 a5 (a5 2aa) gl )Y and
TP1 233 387.76 491 |38543 elev=HI-FS
=390.34-49]
P2 6.17  |381.59 — 385.43




HI=H+BS elev = HI-FS
FS3 =385.43+2.33 =387.76-6.17
233 __ __ 617 - 387.76 =381.59

Elevation = 389.07

TP 2

Station | Back sight | Height of Instrument | Foresight | Elevation

BM 50 | 1.27 390.34 389.07
TP 1 2.33 387.76 4.91 385.43
TP 2 6.17 381.59

. il st W5 Blald i Ula e 10U Jerd o) 3 oY1
XBS — YFS = First Elevation — Final Elevation

(1.27 4+ 2.33) — (491 + 6.17) = (389.07 — 381.59)



d Q(Book). Complete the set of differential levelling notes in table
and perform the arithmetic ?

Station BS HIi FS Elevation
BM 100 | 2.71 314.88
TP 1 3.62 4 .88

TP 2 3.51 =.97

TP 3 3.17 2.81

TP 4 1.47 1.62

BN 100 1.21




HI =314.88+2.71
=317.59

HI =H + BS
=312.71+3.62
=316.33

HI =H + BS
=313.06+3.17
=316.23

HI=H+BS
=314.61+1.47
=316.08

elev=317.59-4.88
=312.7]

elev = HI - FS
=316.33-3.97
=312.36

elev = HI = FS
=316.23-1.62
=314.61

elev = HI - FS
=316.08-1.21
=314.87

14.48 — 14.49 = 314.88 — 314.87

Station | Back sight | Height of Instrument | Foresight | Elevation
BM 100 | 2.71 317.59 314.88
TP 1 3.62 316.33 4.88 312.71
TP 2 3.51 315.87 3.97 312.36
TP 3 3.17 316.23 2.81 313.06
TP 4 1.47 316.08 1.62 314.61
BM 100 1.21 314.87
SUM 14.48 14.49




Station | Back sight | Height of Instrument | Foresight | Elevation
BM 100 | 2.71 317.59 314.88
(1) (3) (2)
TP 1 3.62 316.33 4.88 312.71
(6) (7) (4) (5)
TP 2 3.51 315.87 3.97 312.36
(10) (11) (8) (9)
TP 3 3.17 316.23 2.81 313.06
(14) |(d5) (12) |(@13)
TP 4 1.47 316.08 1.62 314.61
(18) (19) (16) | (17)
BM 100 1.21 314.87
(20) | (21)
SUM 14.48 14.49

(i (S ) sa¥) mua 6wl
Sliee JSi Ae gledl J g s

14+2=3
3—4=5
54+6=7
7-8=09
9+ 10 = 11
11-12 =13
13 + 14 = 15
15— 16 = 17
17 + 18 = 19

19 — 20 =21



dQ(Years). Prepare a set of profile levelling notes for the survey

il
e
C

ustrated, travel path A,B,C,D,E,A, in addition to computing all
evations , show the arithmetic check and the resulting error of
osure , the work for which the survey was of a fourth order where

the allowable erroris 0.15Vk

Find :
1- Fill the table below with surveying data

2- calculate elevation of all points

3- Perform arithmetic check
4- Check if the error of closure is within the allowable limit or not

5- Calculate corrected elevation of all points in the table






Correction




BS IS FS HI Elevation Remark
4.725 473.082 468.357 A
2.732 2.322 473.992 470.760 B

3.030 470.462 C
2.542 3.553 472.981 469.939 D
3.267 3.234 472.514 469.247 E
3.853 468.661
“
A 468.357
B 1300 +0.05003 470.7099
C 1600 +0.06156 470.4004
D 3400 +0.13084 469.8081
E 5600 +0.2155 469.0315
A 7900 +0.304 468.357



4.725 + 468.357 = 473.082

473.082 — 2.322 = 470.760 469.939 + 2.542 = 472.981
2.732 +470.760 = 473.492 472.981 — 3.234 = 469.247
473.492 — 3.030 = 470.462 469.247 + 3.267 = 472.514
473.992 — 3.553 = 469.393 472.514 — 3.853 = 468.661

Distance from previouspoint

13.266 — 12.962 = 468.357 — 468.661 = 0.304 ElevationCorrection=—— ~— —-————xError
1399 0.304 = 0.05003 ™ 0.304 = 0.061 5409 0.304 = 0.13084
7900 7900 7900

5600 7900

*0.304 =1

7900 * 0.304 = 0.2155 7900




0.15 x V7.9 = 0.4216 0.4216 > 0.304

Allowable Error > Error (Ok)

travelled distance in km

Gl Uaall 1S Jla 8 aans

Corrected Elevation = Elevation + Correction L , ,
| e Uadll IS s 3~ Hhai

Corrected Elevation = 470.760 — 0.05003 = 470.709

Corrected Elevation = 470.462 — 0.061 = 470.404

Corrected Elevation = 469.939 — 0.013084 = 469.808

Corrected Elevation = 469.247 — 0.2155 = 469.031



dQ(Years). Find the value of the symbols in provided table , your
answer must be three digits after decimal point ?

B.S IS FS HI Elevation
A B 864.753
1.732 1.322 868.888 864.156
C 866.858
1.542 2.553 D 866.335
1.967 2.234 867.61 E
2.857 864.753




A+ 864.753 =B A=0.725
864.156 = B — 1.322 B = 865.478

867.61 — 1.962 = 865.643(E)

866.335 + 1.542 = 867.877(D)

868.888 — 866.858 = 2.030(C)



dQ(Years). Prepare a set of profile leveling notes for the survey
illustrated, in addition to computing all elevation, show the
arithmetic check and the resulting error of closure , the work for
which the survey was performed is of a second order , where the
allowable error is 0.03Vk , check if the error of closure is within the
allowable limit and then distribute the error on the measured levels
to balance the reading according to the travelled distance , compute

the gradient of AB ?




S VHRAREN T =
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456.65
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BS IS FS HI Elevation Remark
4.52 461.17 456.65 A
4.12 457.05
3.20 457.87
4.21 0.11 465.27 461.06 TP
3.76 461.51
2.92 462.35
2.72 462.55
2.60 462.67 B
Remark Distance Correction Corrected Elevation
A 0 0 456.65
250 0.00233 457.05
750 0.00651 457.87
TP 1150 0.0107 461.049
1250 0.01163 462.51
1700 0.01581 462.35
1900 0.01767 462.55
B 2150 0.02 462.65




XBS — XFS = First Elevation — Final Elevation

(4.52 + 4.21) — (2.60 + 0.11) = (462.67 — 456.65)

Error of closure = 462.67 — 462.65 = 0.02

Allowable error = 0.03Vv2.15 = 0.04399

Allowable Error > Error (Ok)

I/ 6
1 0fs — _— 0of —m o 1 0fs — 27 0
Gradient of AB% = H>I<100/o—2150>l< 009% = 0.2799%
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BS IS FS HI1 Elevation —
(m) (m) (m) (m) (m)
2.95 26.62 23.67 Point A (BM)
3.01 23.61
1.77 24.85
1.66 3.23 25.05 23.39 Point B
2.45 22.60
2.96 22.09
1.67 23.38
1.88 23.17
1.89 2.32 24.62 22.73 Point C
2.49 22.13
2.68 21.94
1.71 2291
3.19 21.43 Point D
6.50 8.74 Sum
-2.24 -2.24 Difference




Q(Years). L and M are opposite sides of 100m , what is elevation of M
if L(120.123) reciprocal is used with the following results set up for L
side |[RRM = 0.543 RRL = 1.234] and set up for M side

|RRM = 1.892 RRL = 1.199]

- (1.234 — 0.543) + (1.892 — 1.199)

= 0.692
2

Elevation of M = 120.123 + 0.692 = 120.815



dQ(Years). Line AB was obstructed by a river. What is the station of
point B which is located on the other side of the river. Use the
following information: point A (1 + 121.071). triangulation is used (
with AC=118.279 m, and angle of the triangle ABC are A = 65° 22' 20",
C=51°46 20", and B=62° 51' 20". Stations are (1000 m) ?

AC AB ¢

sinB sinC

118.279 AB

sin65° 22' 20", sin51°46 20"

River

AB =104.415

Station B = (1 + 121.071) + 104.415
=1+ 225.486




CHAPTER 4: ANGLES & DIRECTIONS

dTraverse: Continues series of measured lines, lines are measured by
lengths and angles, and defined by coordinates.

» We will deal with the Closed and Open Traverse.

Open traverse A Closed Traverse

. /:_\‘30

VAR

+ 31



d Q. A closed five-sided field traverse has the following interior angles,
A=121"130 ,B=1364430 ,C=770530 ,D=942030
Find the angle at E ?

Sum of interior angle = (n — 2) * 180 n: Ll e
(5—2)%180 =54000

Sum of interior angles =121°13'0" +136°44'30" + 77°05"30" + 94°20'30"
=429°23'3(0"

= (540° - 429°23'30")
=110°36'30"

> Note: Sumof exterior angle = (n+ 2) =« 180



Azimuth: Direction of a line given by the angle measured clockwise from the North meridian. Range: 0 - 360°

Bearing:  Acute angle between N-§ meridian and the line measured clockwise or counterclockwise.

To convert from Azimuths to Bearings To convert from Bearings to Azimuths

¢ Nequadrant: SRy Amu o NE quadrant: Azimuth = Bearing

o SEquadrant: Bearing = 180° - Azimuth o SE quadrant: Azimuth = 180° - Bearing

*  SWoquadrant: Bearing = Azimuth - 180° N o SWquadrant: Azimuth=180° + Bearing

* NV quudnat: Beamins s o  NWquadrant: Azimuth=360° - Bearing

w E



Convert the following azimuths to bearings.

a. 210°30’

b. 128°22'

d. 300°30°

e. 0°08’

Bearing = 210°30" - 180°
=S830°30'W

Bearing = 180° ~128°22'
=S51°38'E

Bearing = 360° - 300°30'
= N59°30' W

Bearing = Azimuth

Bearing = NO°08'E

Convert the following bearings to azimuths.

a.N 20°20'E
b. N 1°33' W
c.S89°28'E
d. S 82°36'W

Azimuth = 20°20’

Azimuth =360°-1°33'
= 358°27"

Azimuth = 180° -~ 89°28'
=9(°32'

Azimuth =180°00" +82°36'
=262°36’



= To reverse Azimuth N

rl\le'O'

-

if Azimuth < 180° = add 180° &
Line CD =
if Azimuth > 180 = Subtract 180°
Line DC =

11°\o"j’

Convert the azimuths given in Problem to reverse (back) azimuths.

Problem Reverse Azimuth = 210°30"-180°
Convert the following azimuths to bearings. =30°30"
a. 210°30°

Reverse Azimuth = 128°22" +180°
= 3(8°22"

b. 128°22



> To reverse Bearing:

Reverse direction letters

AB BA
N-> S
S > N
E—> W
W E

and angles stay as is.

-7

N
Azimuth AB=114
Azimuth BA =294
A

84
B
Bearing AB=S 66° E
Bearing BA = N 66° W
N
B
Line AB =

Line BA =




Convert the bearings given in Problem to reverse (back) bearings.

Problem laay L@-AM 8 g ) Jadl &l shad 03a
CleeSe gl dcludl G jlae olad) o WS ¢ g

Convert the following bearings to azimuths.

a.N 20°20'E
b. N 1°33' W ;
2: Counterclockwise (recommended)
c. S 89°28'E
d. S 82°36' W a- reverse Azimuth

b- add next interior angle
c- go to start and check

t > % > . - 70)° 4 f
Reverse bearing = S20°20'W 3 Clockvise

, saring = S1°33'E . o -
Reverse bearing =S1°33'E a- find the Azimuth of the starting line (going clockwise)

Reverse bearing = N89“28'W b- reverse ‘A.‘Z'ml.'th
¢- subtract interior angle

Reverse bearing = N82°36'E d- go to start to check



Q(Years). For the following closed traverse answer question ?

A B C D E

73°150 145°27 0 ? 8500 106330

* Find:
1- The value of the internal angle at C ?

2- What is the bearing of Line BA ?

3- What is the Azimuth of line DC ? (Show procedure )




(n—2) = 180

6 N Type equation here.
(5—2)%180 =540°00
Angle C= 54000 —XAngles = 1297450

BaY b e gl g aalill J Jan 5 Jas g IS g3 g8 ol s 89 540 LI £ gana (5% o)) g ¢ Adiadla

» Assume the sum of the internal anglesis = 540°169
540°169 —540°00 =0169 0°1§ 9 o oia

aerany 058 540 (o il Ll & sanall OIS Alls A5 (3 sa sall Ll 31 e Jlatal) 138 = jlay o g8

bearing line AB = N 48" W bearing line BA = S 48 E



Azimuth AB =360°0 —48°0 =312°0
Azimuth BA=312"0 —180°0 = 1320
Azimuth BC = 132°0 + 14529 = 27727
Azimuth CB = 277°27 —180°0 =97°27

Azimuth DC = 97°27 +129°45 = 227°12

Azimuth CD = 227°12 —180°0 = 4712



Q. If the azimuth of ABis 42°11 10 , compute the azimuths of the
remaining sides, provide two solutions, Clockwise and
Counterclockwise ?

Intenor angles
A 63°47'00"
B = 1407°28'50"
C = 101°3020"
D
E

72°48'10°
161°25'40"

@M\u)ﬁcw&jmu\a_uus@,umﬂ\uuﬁdﬂ\ﬁw



Azimuth at B4 =180°+ 42°11'10" = 222°1110

Azimuthat BC =222°1110 —140°2850 =81°4220

Azimuth at CB =180°+R81°42'20"

=261°42'20"

Azimuthat CD: =261°4220 —101°3020 =160°120"

Azimuth at DC =180°+160°12'0"

=340°12'0"
Azimuthat DE.  =340°120 —72°4810 =2672350
Azimuthat ED  =267°2350 +180°00 =447°2350"

Azimuthat EA = 447°2350 —161°2540 = 2855810

Azimuthat AE = 285°5810 —180°00 =105°5810"

Azimuth at AB
= 1055810 —63°470 =42°1110"

Ok

4\.::\..»3\«_\)\3&: &A‘\.S.\J.LIMDM

OS2l B3 A& Y



Azimuth at AE =63°47'00"+42°11'10" AZimUth at CB =101 030020n+ 160°12'0"
=105°58'10" 1B

Azimuth at EA =180°+ 105°58'10"

Azimuth at BC
=285°58'10"

=261°4220 —180°00 =181°4220
Azimuth at ED =161°25'40"+ 285°58'10"
= 447°23'50"
Azimuth at BA = 140°28'50"+81°42'20"
Azimuth at DE = 180° + 87°23'50" =222°11'10"
=267°23'50"
Azimuth at AB
Azimuth at DC = 72°48'10"+267°23'50"
=340°12'0" =222°1110 —180°00 =42°1110

AzimuthatCD =340"120 —180°00 =160"120 Ok




Q. If the bearing of ABis N 42°11 10 E , compute the bearings of
the remaining sides proceeding in a Counterclockwise direction ?

. Interior angles
Z A = 863°47'00"
B = 140°28'50"
A C = 101°30'20"
E D D 72°48'10"

E = 161°25'40"




42°11' 10
63°47 ("

Bearing at AE = 63°47'0"+42°11'10"
=105°58'10"
= §74°1'50" E

105°58'10"

161 25' 40"

285°58'10"

Bearing at ED =161°25'40"-(360° - 285°58'10")
- I6|025|40"_ 740 lvson
= §87°23'50" E



-------- 160°12 0"

7248 10" 101°30' 20

E: 26723'50"

Bearing at CB = bearing of CD + interior angle at C
~160°12'0'+101°30'20" Bearing BA = internal angle at point B + bearing BC

=140°28'50"+ 81°42°20"
=222°11'10"
=S42°11'10"W

=261°42'20"
= S81°42'20"W

Bearing at AB =222°11'10"-180°

=N42°11'10"E (0k)



Q. If the bearing of ABis N 45°48 56 E , compute the bearings of
the remaining sides proceeding in a clockwise direction ?

Interior angles

A = 863°47'00"

B = 140°28'50"

A C = 101°30'20"
D
'3

72°48'10"
161°25'40"

101 30 20
N

45 48 56.

63 47 00

' o ’ ey
161 25 40

72°48 10"



Bearing at B4 =140°28'50"-S 45°48'56" W
=94°39'54"E

Bearing at BC =180°-94°39'54"E
= N 85°20'6"E

Bearing at CD =101°30"20"- N 85°20'6"E
=S16°10'14"E

Bearing at DE =72°48'10"+S16°10'14"E
= N 88°58'24"W



Bearing at EA =161°25'40"+ N 88°58'24" W
=250°24'4"

Bearing at £E4 = 180°-250°24'4"
=N 70°24'4"W

Bearing at AE = 63°47'00"+ N 70°24'4"W
=134°11'4"

Bearing at AB =180°-134°11'4"
=N 45°48'56"E  (Ok)



J Q(Book).

An open traverse that runs from A through H has the following deflection angles: B=6°25'R; C =
3°64'R; D=11°47"R; E=20°02'L; F=7°18"L; G = 1°56'R. If the bearing of ABis N 19°09' E
compute the bearings of the remaining sides.

L:Left,R: Right

.
.
»
*

A6
N19°09'E /7

phadiall Lall e 13) 1 el
bl Clae aa Liga)

alasiall Taal pa 13) 2 Ll
dcludl cjlie (uSe Liga)




Bearing BC = N19°09'E + 6°25' Bearing FG = N21°13'E-7°18'

= N25°34'F = N13°55'F
Bearing CD = N25°34' E +3°54' Bearing GH = N13°55'E +1°56'
= N29°28'E = N15°51'E

Bearing DE = N29°28'E +'11°47"'
= N41°15'E

Bearing EF = N41°15'E —20°02"
= N21°13'E



JQ(Years). An open traverse that runs from A through E has
the following deflection angles : B = 8010 R,C = 9523 L,
D = 13043 L, if the bearing of ABis S37 53 W .

* Find :
1- Draw a schematic of the traverse
2- Compute the bearing and the azimuth of line BC

Azimuth of AB =18000 + 3753 =217°53



217°53

Azimuth of BC = Azimuth of AB + Deflection angle at B
Azimuth of BC = 217°53 +80°10 = 298730

Bearing of BC = 360°0 —298°30 = N 6157 W



EIQ(Years)\. A 5 sided closed traverse ABCDEA with the following internal angles
A=8750 ,B=120280 ,C=118370,

D=105220 ,E=108"28 0 If the Azimuth of Line AB=330"0 0 then the
Azimuth of Line BCand CB ?

Azimuthof BA=36000 —18000 =15000
Azimuth of BC = 15000 + 120280 =270280
Azimuth of CB = 270280 —18000 =90280

O Q(Years). The Azimuth of a line that inclines (58°16 40 ) from the west towards the
north is ?

Ans. 328°16 40



Chapter S: Theodolites/Transits

Zenith angle

/ + Vertical line

Horizontal line

\

— Vertical line

3 T s g

Nadir angle



Measuring Horizontal Angles

L

Directional Theodolites

Position | Position 11
ST | PT Mean Angle
(FL) (FR)
276° 14°23” 96° 14 34”
L 276° 14’ 28”
(a) (d)
A 31°37° 09”
3079517 33" 127°:51° 41"
R 30751 37"
(b) (c)

FR:Faceright FL:Face left

Mean Angle: o3 slaall

s Jadl &l ghd

0°1423 +0°14 34

. — 0°14'28.5 A A8y tall
276°14 28.5 > (Ga) e
OE1330 4 05141 1 A had ) sl g
: = 0°51'37
- . U el b i
307°51'37

307°5137 —276 14285 =31°378.5

307°5133 —276°1423 =31'3710 ALl 48y kel
127°5141 —96°1434 =31°377
31°3710 +31°377
2

=31'378.5



Repeating Theodolites

ST Direct

Double

x | 1183220°127 26° 40 28”

» Example

Mean Angle: s3a3) < slkball

Double Angle
Mean Angle =
2
_ Mean =
ST Direct Double
Angle
A | 13220712 26° 40 28” 13°20° 14”7

A - 78°5(0
B - 142°4Y
C-139°01"
D - 75°39
E - 103°4]'

SUNI = 540°00'

Mean Angle =

264028

2



Mean =

ST Direct Double
Angle

A | 78°4923” 157°°% 08” 78° 49° 34”7
B | 142°49°53” 285°38 287 142° 49° 14”
c | 139°00°17” 278° 01 56” 139° 00’ 48"
D | 75°39°12” 151°17 56” 75° 38° 58
E | 103°41°10” 207° 22 28~ 103° 41° 14”

Summation 539° 59° 58

Mean Angle: 3y ¢ slaall

Double Angle
Mean Angle = >
157°39 08 NN
Mean Angle = > =78 49 34

Angular error of closure = 540°0 0 — 539°59 58
=002



Measuring Vertical Angles

) POSITION INDEX VERTICAL
PT. | POSITION I SUM : -
ERROR ANGLE
o N’ ”»
360 O‘- 04 - Oo l‘ 20“ 490 38 37~.

360° 00" 00"

90 e ST 5590 cpe J8 Ayl ) Wnal () oSy

gl oot ) g ¥ Js Al sl 360 )5S Jia (A s pgrans p s
87°22 43 +272°3957 =36024
Error =360°24 —360°00 =0204
Error 070204 & sana Y Al 3 LSY)

Index Error = > = > =-012 — 360 e S

Vertical angle =90°00 —87°2123 = +2°3837



1Q(Years). During measurements of horizontal angle , the following
obtained angle value at L=337 4240 andatR=91952 , find the
measured angle ?

A L A
R

36000 —3374240 +91954 =313712

dQ(Years). If the difference between stadia hairs is 1 cm , that means
the distance between the theodolite and the rod is 100 m ?

Ans. False (100 cm )



JQ(Years). During measurements of vertical angle , the following was
obtained, find the measured vertical angle and state if its elevation or
depression angle , Note : the device has zenith direction zero setup .

PT Position 1 Position 2 Sum Index error Vertical angle | Elevation or
depression
92°22 43 267°3817
Correction
PT Position 1 Position 2 Sum Index error Vertical angle Elevation or
depression
92°22 43" 267°3817 360°10 —0°030 —2°22'13" | Depression
Correction 92°2213° 267°37 47 36000




dQ(Years). If a subtense bar located at point A was used to measure
the distance AB, if the horizontal angle measured using a theodolite

on point Bwas 55 25 ?

b
t b_2 6 =5525
an—- = — =
2 AB
B l A
= —— =224
AB tan5°5 25 K

2




JQ(Years). A theodolite was used to measure the vertical angle ofa
building top corner, the angle measured in position 1 was (145 16 )
and Position 2 was (345 49 44 ), the vertical angle measured is ?

36000 — 3454944 = 141016
14’516 +141016 =2«

a =147 46

Callad) Gy alb daad) o)) s g A cuils g
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