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CONVERSIONS

©

TO S.I. (METRIC) UNITS.

111 _VOLUME

Cubic foot (English)
Cubic inch

Gation

Qunce

Pint

Quart

Cubic metre (m3)
Cubic metre (m3)
Litre (1)
Litre (1)
Litre (L)
Litre (1}

T0 CONVERT FROM 10 MULTIPLY BY
I. _LINEAR MEASURE
Chain (Gunter's) Metre {m) 20,1168
Fathom Metre (m) 1,8288
Foot { geodetic Cape) Metre {m] 0,314 855 575 16
Foot {English) Metre {(m) 0,304 797 265 &
inch Metre (m) 0,025 &
Light year Metre (m) 9,660 55 x 101
Mile Kilometre (km) 1,609 344
Nautical mile (infernat.) | Kilometre (km) 1,852
Perch Metre (m) 5,029 2
Rood {geodetic C(ape] | Metre (m) 3,778 266 9
Yard Metre (m) 0,914 4
11 SQUARE MEASURE
Acre Square metre (m?] & 046,86
Morgen Hectare (ha) 0,856 532
Perch Square metre (mz) 25,2929
Rood Square metre (m2)] 101,715
Square foot (English) | Square metre (md)]| 0,092 903 04
Square inch Square metre {m%)| 0,000 645 16
Square mile Square metre (mf)| 2 589 988,00
Square yard Square metre (mz) 0,836 127 36

0,028 316 85
0,000 016 387 066
4,546 09

0,028 413 06
0,568 2613
1,136 523

LV




CONVERSIONS

®

{ Continued)
TO CONVERT FROM 10 MULTIPLY BY
IV. MASS
Grain Gram lg) 0,066 798 91
Pound Kilogram (kg) 0,453 592 37
V. VELOCITY
Cubic foot per second Cub. metre /sec.
{m3/s) 0,028 316 85
Mile per hour Kilomefre / hour
{km/h) 1,609 3b4

CV.




PLAN  INDEXING ®
SUMMARY

NOTE: For detail see (CE's Diag Z-1137

A-Route and land plans.

B-Line plans and sections.
(~station yard plans.
D-Miscellaneous.

E-Permanent way material.
F-Arches and culverts.

G-River bridges.

H-Foot and highway bridges.
I-Roads and fencing.

J-water services.

K-Station buildings.

L-Sheds and kraals.

M-loco and carriage sheds.
N-Workshops.

0- Dffices.

P - Housing.

Q-Stores , schools and hospitals.
R-Electrical plants and buildings.
S-Rock, ash and coal plants | turntables.
T-Drainage.

U-Signals.

V-Grain elevators.

W= Abnormal loads.

Y- Rotling sfock and fools.
Z-Diagrams and tables.

CY




USEFUL REFERENCE BOOKS

1. RAILWAY CIVIL ENGINEERING HANDBOGK (" Greenbook”}.

~

PERMANENT WAY INSTRUCTIONS.
PROVISION AND CONSTRUCTION OF PRIVATE SIDINGS .
BRIDGE CODE.

AN AR o

SAFETY INSTRUCTIONS @ HIGH VOLTAGE ELECTRICAL
EQUIPMENT { PART 1).

6. WORKS ANO ESTATE INSTRUCTIONS.

7. SURVEY HANDBOOK ( City Engineer's Oepartment,
Durban Corporation j.

CV.




DRAWING SYMBOLS  ©
SYMBOLS FOR MATERIALS IN SECTION

V222

General symbol for all materials in section.

N

Symbol for areas too thin for line sectioning.

Rock m
Earth W
Sand e I

Hardcore W

SYMBOLS FOR MISCELLANEGUS MATERIALS

Brickwork w Vermitlion
m Yetlow ochre
Ei:;frf:;fed sfone Viridian green

Concretfe -'5‘*?'~°3 Paynes grey

Timber across grain @} Burnt sienna

SYMBOLS FOR MATERIALS IN ELEVATION

Corrugated sheeting Prussi
Galvaized steel [DDD russian blue
Asbestos cemenfﬂ— Paynes grey
Brickwork -——— Vermillion

Masonry [T F= Yellow ochre

N

Masonry

Cv.




SPECIFIED DRAWING ©
SYMBOLS {AS PER EI3}

GENERAL SYMBOLS

DESCRIPTION SYMBOL
Trigonometrical beacon HaT3
Survey station 15:76540
Cadastral or mining beacon o

Fixed vertically and horizontally

Ground control
Aerial surveys

@
Fixed horizontally =]
@

Fixed vertically

Bench mark 'aﬁt'n

S.A Transport Services boundary { fenced)

S.ATransport Services boundary lunfenced) == e s
Fence T e m—
Security fence {on boundary} %

Security fence {elsewhere] e e
Gate in fence e -
Gate across ftrack :::%_——____——
Cattle guards -——-—-—g—-—g————-
Telephone /telegraph route (specify no.of wires}| — - —O——- —
Power route (specify no. of wires ) e O

Surface cable or pipe (specify! ———— —
Underground cable or pipe {specify] —— ke
Water valve e —




GENERAL SYMBOLS (continued

DESCRIPTION

Water mefer

Fire hydrant

Water tank (state capacity £ height of tower)

Loco watering point : standpipe

Loco watering point : gantry

Existing frack

Beginning and end of circular curve

Beginning and end of fransition

Stop  block —
Sand drag ———:E—_—E‘
Hayes derailer —tr e
Derailing switch L
Scotch  block A
Safety set —W___
Runaway sef z=s2m|:X = a8
Block joint on one rail o e
Block joint on both rails e
Locking bar/safety bar on one rail — e
Locking bar /safety bar on beth rails —a——
Splice joint on one rail —t

Splice joint on both rails

Rail and flange lwbricator

CV.




GENERAL SYMBOLS { continued )}

DESCRIPTION

Axle counter

Clearance marker

Telephone ®
Turnout (1:9,1:12 efc ) T
Similar flexure turnout Nm
Contrary flexure turnout
119 CF
i+ T

Equal split s

. —=&1
Unequal split  { specify angles €1 & 82) ‘-’——46‘_%8 2

Single slip (1:7)

Single stip (1:8,1:9)

Double slip (1:7,1:8,1:9)

Diamond crossing

Scissors crossing

Semaphore signal

Colour light signal

Hame board

= gr ===

Cy




GE N ERA L SYM BOLS { continued )

DESCRIPTION

Whistle board

Notice board

Watering board

Warning board

Stop / notice board

Speed restriction board

Speed de-restriction board

o | Distant §
TG e
E é,g Close -up >f
With flashing lights &b
. =]
2 Verfical curve 120m or shorter somve
L]
& . W o 2o
g Vertical curve longer than 120m I \,\
fid I Q
G | Verfical curve longer than 120m 70{’ «ag %]“/

Kilometre post

Fa!;[i;] Haw

Mile post

Ash or examination pit

Weighbridge

Building or structure

Bridge for road over rail ({km distance }

Bridge for rail over road or waterway (km)

Box culvert {span x height, km distance)

Pipe culvert { @ , km distance )




GENERAL SYMBOLS { continued}

Plantation , trees /orchard

DESLRIPTION SYMBOL

Level crossing with lifting booms —= ——

. . . . R S N ——

Level crossing with swinging booms — LT

Open level crossing _._....%__%...._.....
T T
Cemet T, T
emetery TTT?TTT

B ot

XHD  ouguol

1. lIrrigated land TR
2. Dry land ol
1. Sandy soil 0 0000
2. Clayey soil res
RS 2
Gravel R Y
08B0
Loose boulders QRS
Rock outcrop oL e
- e Teryr=r
Cliff =T
Mo NE B
i RN ST g
Marsh , viel ¥ % _ %
Bam / lake , pan M
T
Q
uarry NI,
L,
Dump , earth mound - A
Embankment e
mbankmen T




GENERA L SYMBOLS {confinued )

DESCRIPTION

SYMBOL

Cutting

5

P gkt A N o
P e

Surface erosion / donga

G

Cantilever mast

Pull-off mast

Double boom

Double boom with raking leg

A~ frame tension bridge

Bridge mast ( lattice bridge }

Switch structure

Anchor mas?

LAl




AREAS AND VOLUMES

OF GEOMETRIC _FIGURES

12

Isosceles friangle

Equilateral triangle

DESCRIPTION | SKETCH AREA
‘B
Right-angled triangle ﬁ} i} 12hxh
A ,
[
B
Acute-angled triangle A i) JabSinC
A c Lbesina
—— 1..c
acSinB
8 2
Obtuse-angled triangle / [E iii) .5.32%3_'“_9
A C inA.SinC
feab 12 Sms?nsém
SinA.SinB
3 e

iv)Vs(s-alls-bl(s-c)
where :
S=

ab.c, = sides
Lsum of sides

2
e
Rectangle E
bxh
Parallelogram m
' b !

V.




AREAS AND VOLUMES ®@

OF GEOMETRIC FIGURES
DESCRIPTION | SKETCH AREA

Square I 12

ol o
Rhombus h b h
Parallelogram *
b o
fte]

hx 1? sum of two
Trapezium f h E parallel sides
. ash
I 3 or: hx 2
trel a0\ 82 x 0,785 398 16
ircle
2. .2 2
Zeylzr V‘ or:m—l‘ or: Trr2
172
Segment of circle “ Area of sector—Area of A
£ x Te2
: 360
Sector of circle :Radius x %-arc
or: Arc x -};dia
.
g'rz x Sin 72°
Pentagon (5)

g-rz x0,951 056 5
r2x 2,377 6413 v

/\
N\




ARFAS AND VOLUMES @)

OF GEOMETRIC FIGURES

DESCRIPTION | SKETCH AREA
PN
e ) y S r2xsin s
a
o ‘ ) S T os0sE
N L ;—: 2,598076 2
/’ S\ | L r2usinsre s 62,86
Heptagon (7) \ 12407818315
\/_/ 2% 2,736 410 2
Pl IS
octacon () / Y | ErZesinue
a
cregen \ J r2 x 2,828 6271
ol
4 N L2, gin 36
Decagon (10) : ! Z
y, 2 x 2,938 926 3
The euipse X }Z‘Maj axis x %mmr ais
%2, y? T
22 b2=1 or: Maj. x minor x -}
Y
Parabola Y
axZsbxsczy (ontaining rectangle x %
y= XZ X
0
Y
Hyperbola
1.
x =Y

or—x
CV.




AREAS AND VOLUMES ®

OF GEOMETRIC FIGURES

DESCRIPTION | SKETCH AREA /VOLUME
h .1 Ty
Cone Vol. = 3‘ L !
l or: %Urzh
2
:I: Vol = SeJld-hy
Paraboloid of h
revolution ar:%— vol of circumscribed
circle.
3
X e Vol = 1%-
Sphere
v or: % Tr3
: A2 Vol =lxbxh
Rhomboid ’I u/ Surface area= area of 6
parallelograms
[
C D Vol.= TrZh
Cylinder

Surface ares = 2{Tirh + TirZ)

Frustum of cone or
any geornetric
pyramid

Area of frusfum= area of
cone OABC - area of cone ODE

Vol of frustum =vol. of
cone OABC - vol. of cone ODE

CV.
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TRIGONOMETRY @
[ DEFINITIONS ( for acgfe angles )

o
H
a2
Adjacent
Sin @ :%— { Sinoh)
_ _Adjacent
Cos B = ﬁm‘gﬁ&f {Cosah)
Tan B = w {Tanoa )
II RECIPROCAL FORMULAE
sing = L Cosec 8 = < lp—
el -
Cr)sﬂ.sccB Sec 8 *Tos B
S S |
Tana.m,ra Cot @ * Bn B
I 'S & C' FORMULAE
If Sin@8=S and Cosﬂ:(i
Tan 9= § Secs= 1 ot B=5

Cosec 8= & s?. 2=

IV "SQUARES " FORMULAE

Sin? 8 + Cos?B =1
Sec?B = 1+ TanlB
Cosec?2 @ = 1+ Cot? 8

CV.




TRIGONOMETRY

V. FUNCTIONS OF 09 309 457609 90°
1809 270° & 360°

[See page 17 for sketches )

<]
3 e - o 8 — 8
o~
S
ST < 8 < 8 T
S
o =3 T o 8 ,'_. 8
©

45°
1

(2
T

V7
1
1

60°
3

2

1

2

vy

1

V3

2
zﬁé

30°
1
2
V3
2
1
V3
EY
1%47

0°
0
1
0
@

SIN
cos
TAN
ot
SEC
COSEC| <@




VI. DEFINITIONS (for any angle].

TRIGONOMETRY

w.

(See page 17 for sketches )

- ap .oP
SIN8 = uP (OSEC &=7p

= 0a 0P
wse = op SEC & = oG

- &P .0a
TANG = 00 wre = op
[ NB (i) OP is always positive.

{ii) The signs of QP and OQ are
according to the usual
used in graphs.

Any frig. function of

fo the same function of €. (1)

Any trig. function of
to the co- functions

90° 8

of €. (2)

The choice between the plus and minus
{1} and (2) above
consideration of the

el
€8/

convention of signs

180° € and 360°-8 is * equal

and 270°%6 i * equal

tan be made from a
following diagrams :

c e/\s Vc
0° WS 2
/[ e | 1/

determined

signs in

+2
+ 1

-1
-2

CV.




TRIGONOMETRY
VII. SOLUTION OF TRIANGLES

2.2 _.2
. _ bfsc” -3
3 SIDES: s A = 2bc
2,2 2
af+cc - b
oS 8 = 730
2.2 2
s ¢ = e

Z SIDES AND THE INCLUDED ANGLE:

alz blec2-2bcOS A
b2 = c?+ 2 - 2ac (0SB
2= o+ b2-2abCOSC

1 SIDE_AND 2 ANGLES :

2 SIDES AND A NON-INCLUDED ANGLE :

Mo ambiguity if the larger of the given sides is
oppesite  the given angle.

CV.




TRIGONOMETRY @
VIII. COMPOUND ANGLE FORMULAE:

Sin{A+B) = SinA.CosB + LosA.SinB
Sin{A-B) = SinA. CosB - CosA.SinB
Cos{A¢B) = CosA.CosB - SinA.SinB
Cos{A-B) = CosA.CosB + SinA.SinB

TanA . TanB
Tan{A+B) = 42 i Tan B

TanA - Tan B
i+ TanA. Tan B

IX. MULTIPLE ANGLE FORMULAE:

Sin 2A = 2 SinA. CosA
os 24 = CosA- Sin?A
= 2Cos2A- 1
= 1~-2SinZA

Tan2A = %}Taaﬂn—"ﬁ

Sin 3A =3 SinA- & Sin3A
Cos 34 =4 Cos3A - 3 CosA
_3TanA-Tan3A

Ten{A-B) =

Tan3A =
1~ 3TanlA
X. "POWER" FORMULAE
Sin? A =‘7 - -12—coszA
Cos?A =T + T Cos2A
3

sinA = 2SinA ~Lsin3A
Cos3A = 2CosA +Lcos 34

X1 SUB-MULTIPLE ANGLE FORMULAE :

. Ceen A A
Sin A —Zsz.Cos2

Cos A = Cos?8 —sin?4
= 200824 —1 =1-25in24

A
Tanh =273

1-Tan? % CV.




TRIGONOMETRY

XII. "t" FORMULAE

1f Tané:f. then TanX = —&i

XIIL."”"SUM AND PRODUCT'' FORMULAE :

1-42

Sin X = —21-5
1+ ¢

Y

fos X = -1-—%
1+¢

ax = -48L
14?2

2SinA. (osB =
2CosA. SinB
2CosA. CosB
-2SinA.SinB

SinC+SinD

SinC-SinD =

CosC+CosD =

-{Cos C-CosDl=
SUMMARY _ OF

Sin {A+B) « Sin{A-B)
Sin {A+B) - Sin{A-B)
Cos{ A+B) + Cos(A-B)
Cos{ A+B) - Cos(A-B)
2Sin£:fg-.tus%—g
2 cos 50 sin &0

ZCOS%-D.COSL’Z—D

in &0 gD
ZSm2 . Sin 3

“SuUM _AND PRODUCT™

2SC S+ S
2CS S-S
2CcC CsC
-25S -C

u u u L

C.V.




GEOMETRY ®

All angles subtended by a chord, in the same segment of
a circle, are equal ie C=0D.

The angle subtended at the cenfre of a circle, by a
chord, is twice the angle subtended by the same chord
at the circumference , i.e. AOB =2C.

Angles subtended by the same chord, in opposite segments
of a circle, are supplementary, ie. C+ £ = 180°.

The angle between a tangent and a chord is equal to
the angle subtended by the chord in the opposite
segment, ie. GAC = ABC.

The exterior angle of a cyclic quadrilateral is equal to
the interior opposite angle , i.e. BEF = £ =b.

In any friangle , the exterior angle, formed by producing
one of the sides, is equal to the sum of the interior
opposite angles , i.e. BEF = EBA + BAE.

The angle formed at the tangent point, by a tangent and
a radius is a right angle ,ie GAO = 90°.

The angle subtended at the circumference ,by a diameter,
is a right angle , ie. HCA = 90°. cv




PROPERTIES OF A CIRCLE @

C

= mid.
ordinate

Tangent length = AC=BC= R Tan% .
Long chord = AB = 2R Sin 2 = /R Mid. ord)-(t Mid.ord?
Mid. ordinate =ED = RI1-Cos @)
Ex. sec. =D = R(Secd -1)

-AB = I
Lengih of curve =48 = RB.gg
Diameter =2 - Sirculference
Area of circle = ﬂ.Rz

=2 1R? . Arc
Area of sector = 329 TIR® = Rad.x 3
Angle =00 =2 Cus"(%h)
&rea of segment = Area of sector ~area of ftriangle

V.




DEGREE OF CURVATURE @

Circumnference of circle = 2TTR and subtends 360° at the cenire

If 2TR subtends 360°, then:

R will subtend ,3%): = 57,29577951

1m will subtend 5.7.\.2%511251
20 m wil subvend 3L293TT9E1x20

30,48m will subtend 21277331 x 30,68

How angle subtended by 3048m is the degree of curvature

_ 57.29577951x 30.48
D = T {in metres)

1 Radian is the angle subtended at the centre by amarc
egual to the length of the radius.

=57,29577951°
=57° 17" £4,8063"

NOTE: On some old line plans the radius of curves was
given in degrees. The degree curve was defined
as the cenfral angle subtended by a 100 foot arc.
Teday the S system is in use therefore a 20 m
arc is used fo calculate the degree of curvature.

Y




CRCULAR CURVES

-y — 2XIS

{R-y) JRZ-xz

K -axis

y

T

T0 CALCULATE OFFSETS FROM TANGENT AT

KNOWN DISTANCES ON A CIRCULAR CURVE.
R = Radius

% = Distance on x-axis

y = Distance on y-axis

{R-yP= RZ2- x®
R-y =VRE-2
Iy :R-4Rz“xz
¥2 = RB-(R-y)®
X =4?-(R-y)2
USING CALCULATOR ( Versine method )
i 2 B
Sin 8 = Rad
L x =RSinS
y =Rvers.§ or R{1-Cos@)
USING LOG. BOOK

Determine the value of -é‘j Find this value in the
natural Sin fables (do not look up the value in degrees).
Foliow the line through to heading ‘Versine' and read
of the value and multiply by the radius.

C.V.




CIRCULAR CURVES @

TO FIND THE APPROX. RADIUS OF A CURVE
BY THE STRINGLINING METHOD.

PROCEDURE TO BE FOLLOWED:
. Mark rail at 10m intervals.
. Measure mid. ordinates in mm. [every 0m)

1

2

3. Calculate average mid. ordinate. 9
&

p ; _ 125 = chord length
- Radius in metres "~ Average mid. ordinate

HNOTE:
A standard chord of 20m should be used, but as
the chords must overlap , the rail is marked at 10m

intervals.
The rails should be marked on the inside of the

high leg, but the outside of the low leg can also

be used.
To measure the mid. ordinates , fishing line is most

suitable. The line should be firmly held against the
side of the railhead and the ordinate measured at

mid. span.

V.




CRCULAR  CURVES

METHOD OF CALCULATING THE TANGENTIAL
ANGLE OF PORTION OF A CIRCULAR CURVE
OF WHICH THE ARC LENGTH IS KNOWN.

Arc length = Radius x circular measure @
Loz —A%—;!fg*lm radian ( 1 radian =57,295 779 51°)
- 57,295 779 51°

5,729 577 951°
5° 43" 4£6,68"

i

LI U}

%= 2°51"53,26" = tangential angle for 20m arc.

So: tangential angle = é— % J——@gm (in degrees)
. Arc_x 28,647889 76
of = Radius - { degrees)
Arc_x 1718,873 386 .
or = Radias ( minutes )

Chord length = 2R.Sin F

= 2x 200 x Sin 2°51'53,24"
= 19,992 m

C.v




CIRCULAR CURVES

SETTING OUT WITH TANGENTIAL ANGLES

EXAMPLE

1t is required fo connect two straights whose deflection
angle is 15°21 10" with a circular curve of radius 900 m. Use the
tangential angle method. The kilometre distance of the point of
intersection is 1,298 340 km. Use chord lengths of 20 m and
sub-chords at the beginning and end of the curve to ensure that
all intermediate pegs are placed at exactly 20m infervals.

1,298 360krp > g =15° 27 0

i) Curve no. 27

i) Curve to the right

iii) Radius = 900m

) Deflection angle = 15° 21" 10"

v) Tangent length = R.Tan

=900 x Tan 7° 40" 35"

= 121,307 m

vi) Arc length = Rx@(radians)

900 x 0,267 957

261,161m

vii) Kilometre distances of:
BCC = 1,298 340 - 0,121307 = 1,177 033 km
ECC = 1,177033 + 0,261161 = 1,618 196 km
Crown peg = 1,177 033+ 2281181 - 4 207 611, km v

1

"




CIRCULAR _ CURVES

EXAMPLE (confinued)
viii}) PL fo crown peg= R(Secg -1)
=8,183 m
Direction P, o CR=360° - (1801521 107,
= 277° 40 35"

As this is a curve fo the right, the tangential angles for
the first half of the curve must be added fto the
orientation angle (0°00' 00”) and the tangential angles for
the second half must be subtracted from the orienfation
angle ({360°00°00).

NOTE:

1. To limit the closing error, the curve must be staked from
the BLCL and ELC and work towards the crown peg.

2. Pegs are required on full 20 m disfances to a full 20 m
distance after the crown peq.

A B C s}
KILOMETRE DISTANCE FOR | TANGENTIAL DISTANCE FOR
DISTANCE PURPOSE OF ANGLE STAKING

CALCULATING {cc) PURPOSES

TANGENTIAL {MEASURED

ANGLES FROM FROM PRE

BCL STAKED PEG)
BCC. 1,177 033
1,180 2,967 00° 05' 40" 2,967
1,200 22,967 00° &3' 52¢ 20
1,220 42,967 01° 22" 04" 20
1,240 62,967 02° 00° 15" 20
1,260 82,967 02° 38' 27" 20
1,280 102,967 03° 16 39" 20
1,297 614 120,581 03 S0 18 17,614
1,300 122,967 03 54 51 2,386
see next page




CIRCULAR _CURVES

EXAMPLE ( continued)

)

of 1mm

Equal distances will have equal angles, therefore the
tangential angle at BCC. to crown peg is equal to the
tangential angle at ECC to crown peg. Considering that the
distance to the crown peg was rounded off, a difference

causes a difference of 1.

Tabulation of tangential angles from ECC to 1280.
A B C 0 E
ECC 1(»13 194 360° 00* 00"
1400 18,194 00° 34 45"] 359° 25’ 15" 18,194
1380 38,194 01° 12' 57" | 358° 47° 03" 20
1360 58,196 01° 51 09" | 358° 08' 51" 20
1340 78,196 02° 29' 20" | 357° 30" &0" 20
1320 98,194 03° 07 32" | 356° 52" 28" 20
1300 118,194 03° 45 L& | 356° 14’ 16" 20
1297 616{ 120,580 03° 50" 17" | 356° 09" 43" 2,386
1280 138,194 04° 23" 56" | 355° 36" 04" 17,614
Check:

(3°50' 18" + 3°50'17"")2 = Deflection angle = 15° 21" 10"

V.




THE TRANSITION CURVE

Shift point {S.P)

1 L=Total length of transition
1=BTC. to any point P
R= Radius of circular curve
s = Shiff of circular curve from tangent
P=Any point on ftransition
x&y =Ordinates { offsets) of P
= Deflection from fangent from BIC %o BLC
B = Deflection from tangent af BUL. Yo BIL
o~z Deflection from tangent from BIC fo P
B = Deflection from ‘tangent at B.LC % P
2
s=3hg
p=2x
8- 3LD6 [ . t~t]

Then:

6R
. 2
T 6RL
x = 101 Rl ) | y-offset at shift point = §
- 3 - -
y 'J_6RL y-offset a¥ BCC. =bxs

Cy




TRANSITIONED CURVES @

All curves on running lines must be provided with
transitioned ends.

On curves of 300 m radius and sharper, the length of
transition provided must be 60m.

On curves flatter than 300m radius , the length of
transition provided must be 80m.

3
PR
Shift = 3R

Tangent length = (R« S)Tan?+ —k

Where : L = Length of transition
R = Radius of curve
S = Shift
© = Deflection angle

Total length of curve = Rx &{in radians}) + L
X = (ReS)Sec§)-R

L.




TRANSITIONED CURVES @

1. ONE TRANSITION

" = s

T1 =RTan 3+ 55
- 5 __s 4,4k

T2 =(R.Jan3 ’Tane)‘ 2

11. UNEQUAL TRANSITIONS

® 2 1 L
T =RTanZ+ (555 - Tma!* 2

_ & ;s s2 2
T2 =RTanF+ 555 - Tns* £

V.



BUTTING _ TRANSITIONS @

Radius = e—L—
or
Radius =
R f-e—flznao— <&
Tangent length (TL) = R[(M%E)Tan%- #\%—r\}\

where : L = length of transition curve
R = radius
€ = Deflection angle
@r = Deflection angle (in radians)

C.V.




REVERSE  CURVE

{ For equations see next page )
1 PARALLEL LINES (oc=0)

11 CONVERGING LINES (cc=+)

111 DIVERGING LINES [o =-)

CURVE 2

CV.




REVERSE  CURVES )

( For sketches see previous page )

These equations are applicable for the following cases:
1 Parallel lines
11 Converging lines
III Diverging lines

Each case can be with or without intervening straight.
Please note that for track layouts a2 minimum length of
straight track {40 m—PWI 503.9) is required between reverse
curves. Both curves can be circular or transitioned , or have
one curve circular and one curve transitioned.
These equations are not applicable if one of the curves
has only one end transitioned.

For curve no. 1 For curve no. 2
L; = length of *ransition Lp = length of transition
o, - 10L g, .80l

2TR; 2= ZTI'Rz
Xlzhv—('gf" XZ:LZ'—Li

LORF LOIRP

Y, - w? v, At2f (L)*

6R, 336(R)® 27 6Ry  336(R2)3
Ki = Yy - Ry{1-Cos B))=shift Ko = Yo~ Ra{ 1-Cos B2)=shift
Q= X -R Sing Qz = X2-Rz2Sin B2
Zy = R+ Ky Zp = Ra+ Kz

For no transitions : Ly =8 =X, =Y, =K, =Q; =0 and Z; =
For no fransitions : Ly=@,=X3=Y,=K; =Q; =0 and Zp=R,

D=4d+ Z{1-Cos o)+ Q,SinC (not necessary for parallel lines)

M=S+0+0Q x=2Zy+22
y=x%x-D A=Mz+)(2
B =2yM C=y2. »?

g =sin [=BEVB-LAC “Bz SAC

T =a.+z.1anﬁ;°° Tz = 02+ Z,Tan $

L =xSin® + MCos® + Z Sincc +Q Cos o + Qp

C.V.




COMPOUND _ CURVES 2

WITH TRANSITIONS
CHANGE OF DIRECTION >9%0°

NOTE:

PC.C. = Point of Common
Lurvature .
G = 8+82
- 1- - T5Si
61=Cos'[1- Ro{1- Cos 8- TSin & ]
Ro- Ry
-1 T; Sin® - R (1-Los &)
8p=los [1- R,
R; (1-Cos®) + (Rz—R. )(1“(:058'2)
te Sin &
Ry(1-Cos8) - (Ry-R,}{1-Cos®,)
Te= Sne
.2 = -
3= Tl -%00) ¢ = s Tan (8- 90°)
b= s Tan(&-90°) d= -Ea—s‘(éé":—‘w)

CV




COMPOUND _ CURVES

WITH TRANSITIONS
CHANGE OF DIRECTION <90°

SEE DETAIL BELOW

Y

ift inf @ ¢
Shi poi NOTE: For formulae se next page.




COMPOUND CURVES

{ continued )

< 1‘9‘ *82
8 = Cos™'11- Rp(1-Cos 8)- T, Sin & 1
R2-R
. T, Sin® - R, {1-Cos 8)
~ fpg_ 1
G, = Cos '[1 R R
T R, (1-Cos8) + (Ry- R )1~ Cos &)
b Sin 8
I - Rpt1-Cos ) - iR,-R W1 - Cos B )
2 Sin &
a2zl T
Tan8 Sin 8
N .
Sing Tan &
Aj=5+T+b-2
Ap = =+ Tp+cC~ d
L = Length of transition

CV.




GRADES )

DIFFERENT METHODS OF EXPRESSING A GRADE
OR SLOPE.

PER_UNIT RISE
A 1 1in 60

IN_PERCENT

IN_MILLIGRADE

CV.




GRADE__INTERSECTIONS @

when ftwo grades are known with their respective levels
at intersections, and distance between the grade posfs ,
the point where the two grades intersect can be
calculated as follows :

2196 -5600y = 1196 - 200y
2196-1196 = 400y - 200y

ZOOy = 1000
y = 5m

X = WG5S

= 2008m

. Elevation at x = 30,000
Check:

30,980 - 195 = 30,000
25,000 + (%1 = 30,000

"

V.




DEPARTURE GRADES @

Where frains are likely to be stopped it is necessary
fo have a section of frack on 2 grade less than the
ruling grade to permit easier starting of ftrains and to
avoid damaging the rails by the locomotive wheels
spinning.

Originally fthis applied fo the approaches to stations
and halfs and was known as 'pre-station grades”. With
the introduction of fonger and heavier trains, as well as
centratised fraffic control (CT.C.), it has become necessary
in addition to reduce grades at other places on the
main lines. The term ‘''departure grades” has been
adopted to cover these as well as the pre-station grades.
In the case of air—braked trains the departure grades
should not be steeper than 1:200.

For other frains the formula for arriving af
departure grades is:

Oeparture grade  DG=(0,75RG)-0,06 %
where RG = ruling grade expressed as a percentage.

It is desirable that the departure grade be maintained
for a minimum length of 610m on bofh sides of a station
or halt. This length may be varied depending on the load
and length of trains.

Where it is impractical to obfain this length without
excessive expenditure , the proposals must be submitted o the
C.CE. before foo much detailed work is carried out.

Departure grades of 610m length may be required af
the following signals :

departure or starting , semaphore type home ,

intermediate home {for (TC) but not with simulfaneous

entry , block , and also at entry sets without signals.

[




COMPENSATION OF GRADES @
FOR CURVATURE

Because of additional resistance caused by wheel flanges
on curves , it is necessary to reduce the grade on curved
frack in order fo keep the total effective grade within the
limit of the ruling grade.

The necessary amount of grade compensation is
calculated by the equation :-'-é'— m/20m , where R is the
radius of the curve.

To obtain the compensated grade for a curve of
radius =R metres on a ruling grade of 1:X, consider two
points 20 m apart on the ruling grade :

Amount of elevation for ruling grade =
Reduction in elevation for compensation = Z-m/ 20m
So, amount of elevation for compensated ruling grade

[2-Blm/om

0
[Compensa?ed grade is 1: '—-“'—-—202 g
[%-%

NOTE: This compensation for curvature mus? be applied over
the whole length of a circular curve and in the case of a
curve with fransitioned ends, from shift point fo shift point,
which is the minimum distance aliowed for compensation on
such 3 curve. A change of grade usually falls on a full 20m
unit before BCC or shift point to the first full 20m unif
after ECC. or shift point on the other end of the curve.

If the grade calculated is steeper than, or equal fo the
actual grade , no compensation of the actual grade is
required.

(For examples see nexf page )

C.\.




COMPENSATION OF GRADES @
FOR CURVATURE

EXAMPLES
1. What is the steepest grade that can be used on 3
curve of 250 m radius on a line with a ruling grade of 1:507

alAmount of elevation for ruling grade = %g m/20m
=0,600 m/20m

b} Reduction in elevation for compensation = 2;——% m/26m
=005 m/20m

o) Amount of elevalion for compensated grade
=0,6400 - 0056 m/ 20 m
20,36 m /20 m

d} Compensated grade = 5557 = 115815

The compensated grade on a 250 m radius curve is 1:5814.
Calculate the ruling grade of this line.

™3

2} Reduction in elevation for compensation =% m/20m

=0,056m/20m
b} Elevation for compensated grade = ngm m/20m
= 0,366 m/20m
¢} Amount of elevation for ruling grade = 0,344 +0056 m/2 m
=040 m/20m
4} Ruling grade = Gis%c = 1:50

CV.




VERTICAL CURVES

Generally whenever there is a change
frack it is necessary to introduce

in grade of the
a vertical curve fo
ensure smooth running of frains. This curve should be of
a parabolic form since with this curve an even rate of
change is ensured.

PERMISSIBLE RATES OF CHANGE :{ maximum)
Summits Sags
-\ NS
/' ,,_/
\ \

The rates of change are the same for both sumemits
and sags and must not exceed :

1 For running lines --- 000 m/20m/20m
2 For ftraffic yards --- 0,150m/20m/20m
3 For loco depots ~w-ee 0260m/ 20m/20m
& For special cases such as humps in gravity
marshalling yards the stendards will be specially
determined for each case.
Note:
The above standards are as per CCES letter W4B(R283)
of 21-03- 74.

NARROW GAUGE (610 mm)

The rates of change are the same for both summits
and sags and must not exceed :

1. For running lines_____0,300 m/20m/20m
2. For yards—— . ___ | 0,600 m/20m/20m

CV.




VERTICAL CURVES

The equation of a parabolic

form vertical curve :
Y= %rxz + Gx + H

Where - x = distante along x-axis in 20 m unifs
y = distance along y-axis in metres.
G =grade in m/20 m of grade passing
through A

r =rate of change of grade in m/2m/Am
H =Elevation of point A in metres.

—— —y-axis

Eind of v.c.

| Beginning of v.c.
|
|

NOTE

G is positive on an up grade and negative on a down
grade.

r is negative on a summit and positive on a sag.

CV.




VERTICAL CURVES

CALCULATING LENGTH OF V. C REQUIRED

Length of vc. = Algebfai; difference
Permissible rate of change

EXAMPLE :
1in 90 =-0,200m/20m
1in 66 =40,303m /20m

Algebraic difference =-0,503m/20m
Max. permissible rafe of change = 0,040 m/20m/2W m

.. Length of v.c. reguired 2,060

= 12,576x 20 m unifs
When space is limited (clearance ] in a layout , the
calculated length of v.c. can be used , but if space is
no problem , then use the next higher even length of
ve. In example above it would be 14 x 20 m units {280 m).

EXAMPLE :
To caleulate a corresponding grade, given one grade.
Max. permissible rate of change = 0040 m/20 m/20 m
Length of v.c. required = 8x20m umits (180m}.
Mow permissible algebraic difference = 8x 0,040

= 0,320 m/20 m

1in 100 = 0,200 m/ 20 m
.. Grade required = 0,320~ 0,200

0120 m/20 m

= 1in 166,667

i

A. If grades cross dotted line , subtract.
B. If grades do not cross dotted line, add. (R4




VERTICAL CURVES

TO CALCULATE THE LEVELS OF THE
INTERMEDIATE PEGS ON THE VERTICAL CURVE.

EXAMPLE: ( for even unit v onlyl

a 1inTiSup grade and 2 1in200 down grade intersect
at peg no. 19, the Pi level of which is 8,920.

Rate of change of grade nof o exceed 0,060 m/20 m/20 m
8,920

o<y
A0 R 7.
'\»;‘\EN/ %‘Q %

Pegs 15 16 17 18 19 20 21 22 23

Algebraic difference =-0300-0176 =-0,276 m/20 m

Theoretical length of vc. = —Oo‘go—l% = 6,868 x 20 m units

JoUse an 8x20munit v

Formation level at beginning of v.c.=8,920-{6=0174)=8,224
Formation level at end of vc =8,920-(£x0,%00)=8,520

let G= grade in m/20 m passing through BV.C.s+017% m/20 m
r=rate of change in m/®m =_9-%—-‘

= -0,036 m/20 m/20 m
G is pesitive on 2n up grade and negative on 2
down grade.

r is negative on a summit and positive on a sag.
MNow level at any full 20m peg oh v.c. = G+ Nr

. G is positive and r is negative

.. Egquation becomes :- lev=G-Nr

where N is always equal fo "z' 32434 erc

CV.




VERTICAL CURVES

EXAMPLE {
r =-0034

Level at peg

Level at peg

Level af peg

Level at peg

Level af peg

Level at peg

Level at peg

Level a? peg

confinued)
1r=-0017 e =- 0051
3ir =-0120 bfr = -0154
647 =-0223 T =-0257

15 = 8,224
+0,174

= 8,394
-0,017

16 = 8,381
+0,174

= 8,555
-0,051

17 = 8,504
+0,174

= 8,678
-0,086

18 = 8,592
+0,174

= 8,766
-0,120

19 = 8,646
+0,174

= 8,820
-0,154

20 = 8,666
+0,176

= 8,850
-0,188

21 = 8,652
«0,174

= 8,826
-0,223

22 = 8,603
+0,174

= 8,777
-0,257

23 = 8,520

C.v.




VERTICAL CURVES @&

EXAMPLE { continued)

MMA F__CALCULATIONS

PEG NO. | G—Nr WHERE N = %112-2—‘5 ETC.| LEVEL OF PEG
1% 8,224
16 0,176 - 0017 = 0,157 8.381
17 0476 -0051 = 0,123 8,504
18 0176 -0,086 = 0,088 8,592
19 0176 -020 = 0,054 8,646
20 0,176 -0,156 = 0,020 8,666
21 0,174 - 0188 =-0,014 8,652
22 0,176 -0,223 =-0,069 8,603
23 0176 -0,257 =-0,083 8,520

70 CALCULATE THE LEVEL AT ANY POINT OM THE V.C.
EXAMPLE:

Y ke o Gx o H

Level at peg 17.

where x = 2, G = 0,174 m/20 m, r = 0,034 m/20 m/20 m and
H = 8,224

= ~10,5%0,034x2%) « (0,174x2) + 8,224
= 850k

i

. Level af peg 17

LV




HYDRAULIC GRADIENT @

y
[
Ar» 8

iu

i i - Difference in levels x 8y o
Hydraulic gradient = oy once AB in mefres 7o

EXAMPLE

Ditference in level =6,580 m

Distance =13% m )
i i . 5,980 100 °

Hydraulic gradient = 7396 % 3 =0,671%

=00 g
= o4 = 1in 2126

Velocity LY RI

where:- ( = coefficient of function

LU

R= cross-sectional area  of pige
" circumference of pipe

1= difference in height

distance

CVv.




TRACKWORK
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TRACKWORK ®
MAXIMUM GATHERIN N

Caleulations required:

Min frack cenfres in yard
Length of yard set

= -2-0-‘,5? 20,193 068 8
@ = 11° 07" 55+

1. Maximum gathering angle: Sind =

2. Tangent length for 300 m radius curve :

T= R.Tan%
= 300, Tan 2° 22° 545"
= 12.‘073 m
3. Tangent length for 150m radius curve :

Te= R.Tang

= 150 Tan 2° 22° 56,5
= 6,239.m

&, Dimension “b" :
b ~ 19,029
Sin &% &5° &9~ Sin 11° 07 55"
i 1® 48 69" x
Sin 11°07° 55°
8,185 m

LB =

i

HOTE

The frue maximum gathering angle is 11°07° 55", but
11°06' 6" s used as fthis is the angle of 2 1in¥ +
1in 12 sets. The difference is foo small to matter
much in practice. ( See Green Book section 7 page 12 )

C.V.




TRACKWORK ®
MAXIMUM GATHERING ANGLE

Sin 4245 49" =

—567_6!8-5—* Sog =3,067Tm

Ly = 95-3067 = 6,453m

Now Sin 11°06'%~ = 8253 o o33500m
@ =33509-1280-7928 - b { b=8185 see cales)
= 1&,606 i
1.._5_”..{
. W =
-~
g \M’\
Tn pSm
e anoee X
Sin 6°20° 258" = -—-————*19.029
Jodz 2,01 m

¥=55-2101 = 3,39m

sin 11°08' = L

- X
o= ShirEw < 11,667 m

17,667 - 16,874
6773m

C

Y




TRACKWORK

1. Centres of tracks af clearance markers = 3,450 m
31.05%0m (9=3453m -
I
T
T 12,7%m

iin 9 turnout
&1 12x 3450 ¢

|

et 6.78m
1in 12 turnout

7 7,928m

2. Cenfres of tracks at safety set =3,650m
3. Minimum frack cenfres = &m

&. Cenfres of fracks having water column or parachute tank
between = 5,5%00m

5. To provide for erection of eleciric light poles, elecirification
masts and future masts, not more than four fracks should
be spaced at &m centres and the fifth frack at
5.500 m cenfres,

6. fn yards curves should normally not be sharper than 140m
radius, If 2 sharper radius is permiffed by the [LE the
absolute minimum  will be W0m.

7. Curves of 150m radius and sharper in running lines must
be provided with check rails.

§. Hayes derail or scofch block fo be a minimum of 2m
ingide the clearance marker.

9. SRJ to be 15m from edge of level crossing to allow for
2 12m locking bar.

{ confinued ] CY.




TRACKWORK D

10. On all signalled roads a minimum closure of 12m s

to be allowed for 2 locking bar . Not reguired where
points are track locked

Note: Hand operated portion u;x_.":»._.._._.__

yard shown dotted. e G
L e P S —
gl NN
I= \'k:)\ el
13l
P |
T
|
1.
/_\f._f____mm_.
/,;Lnf.ﬂf._ﬂm_im_
P m—m—-—-—
/ Noi.loop
/ Main line
Vehicles derailed at ‘&' may be rerailed at vee of next set.
BAD LAYOUT
2m ..Goods foop
ot 7 oo
pal ¥ 1 loop
e Main line

GOOD  LAYOUT

{ confinued } TV |



TRACKWORK ©)

‘12:5,“}
1:"2 A/C'M 600m clear 5,5m crs. W\!\a:tz

To be calculated D be calculated

13. EXAMPLE OF CLEARANCE ON SIGNALLED ROADS.

Y




TRACKWORK

1. Calculate minimum radius
]170/@7‘#8"
a3
_/%‘/Jb ‘-\Sﬁ

19 LH.

a+b=4m
3 =(9.993« T )Sin 8207 48"
b =(12,790+ T}Sin 6°20° 25"

09,993« TISInBP07 68"« {12,7%0+T)SIn6° 20' 25" = &
1,413 206 +T.Sin8%07 468"+ 1,612 638+ T.Sin 6°20' 25" = &
0161420 T+ 0110 6337 = 4-1,613 206 -1,612 438

0,2518537 = 1,174 356

1

2,073+ 1927 = &m

T =4,66Z m
=R.Tan &
T
R = = 8°07 L8"-6°20" 25¢
Tan—g"' & §'- 6 )
= 298,610 m
Check
a = {4,662+ 9,995) Sin 8°07' 48"
=2,073m
b =1{4,662 + 12,790 ) Sin 6° 20' 25"
=1,927m
a+b=bm

C.V.




1.

TRACKWORK

NOTE: Before “Z" is calculated, check whether
clearance marker falls within curve,

{ & x 917~ tangent length < 9 x 3,450

Determine "2

At clearance marker = 3450 m
Track centres = L m

Radius of curve = 400 m

1in 9 set: 8 = 6° 20" 25"

A=1{9x4)+ tangent length of curve
= 36 + [ 400 x Tan 3° 10" 13" )
= 36 + 22,155
= 58,155 m
Offset v = & - 3,450
= 0,550 m
L=VRE-{R-yP
= V4007 - {400 - 0,550 P
= 20,969 m
Now Z = A - L

= 58,185 ~ 20,949
= 37,186 m
s . o

Calculation of position of clearance marker on
curved frack.
1 A
y-offsef j %
= c|m 3450 m) bm
vi 23 !
i 1




TRACKWORK

16. Calculation of position of clearance marker on
curved frack.

¢ L9
12,790 m

i A=zd-g+12790m
ii. ALCB and AEDC are similar friangles.
because: LCB =CED ( CB//DE)
CBL =DCE =90° (CBLLB and DCLLC
. BLC =€DC = 6220 25"

iii. e =R Cos®& =200xCos6°20'25" =198,777 m
= LB.Tan® =12790xTan6°20' 25" = 1,421 m
L f = eey- 34650 =198777+1.621-3450 = 196,768 m

. g =R Sin® = 200xSin6°20'25" = 22,087 m

d=vR2- 2 = 2002 - 1967682 = 35,920 m
Now A = 35,920 -22.087 +12.790 = 26,623 m

(A




WING WALLS

T0 CALCULATE VOLUME
PRISMOIDAL EQUATION

i / a2
| /
|

-
RN j\

The Prismoidal equation is : V= §(a, + 3, + kma)

where a, = area of small end

ap = area of large end
ma = middle area

By substituting , the equation becomes:

| VoL = E{y(asb) + Y(A+B) s (asb+ A+Bly+Y)]

CV.




VOLUMES

When earthwork quantities are required for estimating
purposes , it can be calculated from cross-sections or
longitudinal sections using any one of the following
methods

i) Prismoidal

it Simpsons rule

iii} End area

When earthwork gquantities are required for tender or
payment purposes , it must be calculated from cross-
sections which are levelled | no inferpelation allowed )
and using Simpsons rule for volumes,

Ly,




VOLUMES ©

VOLUMES FROM (ROSS SECTIONS
1. END AREAS METHOD

d R d 1

[
= 1 t

If two cross sectional areas A; and Aj are horizontal
distance d apart , the volume contained between the
two cross sections is :

V| = d!‘—‘_‘% )

2
This leads to the general equafion for a series of n
cross sections .

VsVieVoeVge ...+ Vo
. d,(A!;Ag) ‘dziAz';A}!"ds(AigA!) ....... ol "(. ,{A )
if dy =dg = dg = dpy=d
. VOLUME = d[iﬁ%ﬁ")o A+ Az+ Ani ]
This equation is comparable to the trapezoidal rule for
areas.

11 SIMPSONS RULE FOR VOLUMES

VOLUME = -g—(Aq + Ap + & [even areas )+2 {remaining odd
areas)]

CV.




AREAS =

TRAPEZOIDAL RULE

Ay

Ay | As

4]
% O

The figure shows an 2rea bounded by a survey line and
a boundary. The survey line is divided into a number of
small equal intercepts of length L and the offsets 0, o Os
are measurad on the ground or scaled off the plan. If L is
small enough the boundary line befween offsets can be
assumed fo be a sitraight line and the area can therefore
be considered o be made up of a series of trapezoids.

Area of trapezoid 1:{—0%92)»(5.

Area of ftrapezoid 2 :(%ﬂl)xL

Area of trapezoid 6;(9—%—(—}1):L

" Area = £(0+ 205+ 203+

........... + Oy)
In general with n offsets :
0,+0
AREA = L[ (—b3B)+0p + O3+ . . +Opil

cv




AREAS
§IHPS(NS RULE

This method gives more accurate results than the
trapezoidal method. In this method it is assumed that the
irregular boundary is made up of a series of parabolic arcs.

in this method the area must be divided info an even number
of egqual width strips.

s s

ENLARGEMENT

The area between offset 0O and Oy which is ABGUDEA
= trapezoid ABFCDEA » area BGCFB

=(9'+-29§) L+ %-area of circumacribing parallelogram
:(%‘—Qizu-g-zuorto‘; 1
= £(30; +305+ 40, - 20; - 203)
<1101+ 402 + 05)
‘For the area between offsets O3 and Og
Area =203+ 404+ 05 )
For the area between offsets Os and O7
Area = £(0gs 40g + Oq)
" Total area = £ 1(0) +07)+2(05+0g)s {0z + Og + Og )+.......]

In the general case :

AREA =—3L—{sum of the first and last intercept + 2 (sum of
the odd numbered offsets)+&(sum of the even numbered offsefs)]

V.




AREAS

1. EXISTING GROUND LEVEL HORIZONTAL

e W] original ground level

Side slope
1 vertical
n horizontal

I b ! b l Formation level

Area of cross section = h{2be+nh)

For an embankment fthe diagram is iwerted and the same
equation apply.

2. EXISTING GROUND LEVEL SLOPING

Area = Area ABF + Ares BLF - Area [DEF
s2( 2bh « o § + nb?

st -
_slb+oh) s{ b «nh)
W= 5w and WG = =

For an embankment the figure is inverted and the same
eguation applies.

{continued ] (y




AREAS

3. CROSS SECTIONS INVOLVING CUT AND FILL

{ continued )

wl. wG | N ©

_ (b-hs)?

Lesser area = 2en)

. lbshs)?
Greater area = 2ls-n)

If the fill area is greater than the cut area then use
the greater area equation for the fill and the lesser
area equation for the cut which is the reverse of the
example in the figure.

Cv.
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CO-ORDINATES @

THE SOUTH AFRICAN CO-ORDINATE SYSTEM

The South African co-ordinate system is based upon the
Gauss Conform Projection {also known as the Transverse
Mercator Projection ).
The system ronsists of belts running north and south,
2° of longitude wide , the central meridian being every odd
meridian, ie., 15° 17 2%°.. ... 33°... Each belt is referred fo
as Lo 15°, Lo27°, Lo 31°, efc.

T | NORTH

Eguator  30°
Y= - EAST

Cenfral meridian &3
L)

Boundary meridian

| SOUTH

If a survey falls on or near fthe -boundary meridian,itis
usual fo do the entire survey in the belf in which the greater
portion of the area falls. For this purpose the co-ordinates of
trig. beacons falling within an overlap area of 15 minutes of
longitude on either side of the boundary meridian, are given
on both co-ordinate systems.

The S.A. co-ordinate system { Lo system] has 0° to south
and angles are always measured in a clockwise direction.

C.V.




CO-ORDINATES

270

Angle to be looked up = &

180
3
Sin + Sin -
Cos - Cos -
90 270
Sin + Sin -
Cos + Cos » . .
5 Signs of angles in
different guadrants
Q

CV.




CO-ORDINATE SYSTEM @)

180°
s
TiN
X - X~
Y+ Y-
ﬂ 3 ,
90T 9 Y 270°
NIE
1 & Ao
Ye Y-
X Ls System
G'
90°
Y
TiN
X+ A -
Y Ye
1.2 .
¢ X U] X 1”0
413
Xe A~
Y- Y-
f Goldf ields System
270

V.




CO-ORDINATES

SCALE ENLARGEMENT ANO REDUCTION
T0O SEA LEVEL.

Mean sea level

Centre of the earth

The figure indicates how a line AB, measured at
height H above mean sea level, is longer than its projected
distance at mean sea level. As the iriangulafion system s
based upon distances as they would be measured at mean
sea level , 3 correction must be applied fo measured distances,
for accurate work.

When working far from the cenfral meridian of a
co-ordinate system , it is necessary for acwurate work , fo apply
a scale enlargement factor, fo compensate for the difference
between a spheroidal distance and ifs equivalent on the
projection.

The formula allowing for both ‘these corrections is:
Her _ Y2

R am?
mean height above sea level

mean Y co-ordinate {in metres)
radius of the earth ( 6 367 000 m)

Correction factor =

where : H
Y
R

i

The correction factor so obfained must be applied %o
fo all distances used in co-ordinate calculations. All
distances must be aft mean sea level (MS.L).

M.SL. distance = measured distance
correction factor
Distance to be measured = MS.L.distance = factor .

CV.




CO-ORDINATES

CALCULATION OF THE JOIN

To calculate the distance and direction befween two points,
the cro-ordinates of which are known.

1800
90°- T T 270°
o
! |
! I
______ | aY 8
3.4
""""" A
g
DIRECTION
STA. | DISTANCE AY AX Y X
A YA + XA
3] J AY AX
s {check) {check)
B +YB + XB
AY AX

1. To #ind AY and AX change the signs of YA and XA and add.
2.6 = Tanor Cot™of 2l (LL.Tane & 2% - (ote)
3. D = direction AB = 180+ & {for this example ).

.S =distance AB =¥ AYZ+ AX?

EXAMPLE
A J -1058,67 |+310 248,17
213°27 35"1-62950 |-952,630
161,868
B -1688,06 |+309 295,54

- 629,57 |- 952,63

NOTE: The / sign in the second column indicates that the
join has been checked.

{ see next page ) v




'CO-ORDINATES

CALCULATION OF THE JOIN
{continued)

After the join has been calculated , the calculation
must be checked. The only complete check of a join is fo
calculate 2 polar from A to B,ile. , the co-ordinates of B
are calculated from A by using the direction and distance
obfained in the original calculation. The check AY and 4X
must be added fo YA and XA ‘o check if the answer is
the same as the original YB and XB. The fact that the
AY'® and AX'®are the same, is not a check.

The method in this example is at present being
taught at the Chief Civil Engineer's training cenire for
draughtsmen

v




CO-ORDINATES

CALCULATION OF THE POLAR

To calculate the co-ordinates of an unknown point, by
distance and direction , from a known point.

90% 270°

N >
wA' D= Direction AB {in this case—

180 + &)
0° S = Distance AB
DIRECTION 1
STA. l DISTANCE AY AX Y X
A YA * XA
D° aY AX
g S.SinD® | S.CosD® J J
B Y8 *XB
AY (check) A¥ (eheck)

1. When using an electronic calculator fo calculate AY and
AX , the algebraic signs will be given by the calculator as
part of the answer.

2. When not using a calculator, the algebraic signs of AY
and AX can be defermined by checking into which
guadran? the direction AB falls.

EXAMPLE
A -1058,47 +310 268,17
213° 27 36762957 |-952,63
11461,87 ¢ ¥
B -1688,04 +309 295,54

[-62957 - 95263
The ¢ sign indicates that the co-ordinates of B have been

thecked.
{see next page)

V.




'CO-ORDINATES

CALCULATION OF THE POLAR
{gontinued )

A polar which is not part of a traverse or which is nof
checked by ancther polar from a different point , is very
dangerous and is virfually never used. The only really
satisfactory check of a single polar is to calculate a join
between the two poinfs , using only the co-ordinates
obfained from the original calculation. The check AY and AX
must be used fo check the distance and direction. The fact
that the AY' and AX' are the same ,is not a check.

The method in this example is at present being
taught at the Chief Civil Engineer's fraining centre for
draughtsmen

CV.




CO-ORDINATES

TRAVERSE CALCULATIONS

To calculate the co-ordinates of stations in 3 fraverse. The
co-ordinates of the start and end poinfs are known as
well as the angles of direction and distances from station
o station are known.

EXAMPLE
STAl DIRECTION CO~ORD. DIFFERENCES CO-ORDINATES
DISTANCE AY AX ¥ X
& ~11 787,300 | + 125,300
299° 08°'00" | ~484,842 | — 32,815
488,710 |+ 0,018 | -~ 0,020
B -484,595 | - 32,638 |-12241,885] + 92,667
287° 31'51* | -275,848 | - 60,988
282,812 |+ 0,011 | - 0,011
c ~275,837 | ~ 6i,008 |-12517,732 | + 31,668
337° 36'22" | -232,139 | +563,383
609,210 |+ 0,024 | - 0,028
5] -232,068 | +863,242 |-12749,800| ¢ 524,200
$=1{ 377,432

-992,556 « 469,656 (sum of &Y & AX)
~-992,500 +469,600 (D~ A}
Closing error  + 0,056 - 0,056

Allowable closing error E= 1_5(0.005«%)
=009 m
Closing error E = vV 0,054 + 0,056°
= 0,078 m

The ftraverse closing error must be distributed
proportionally over the fraverse legs.

dy 0,054
RE AT =0,039 203 m per 1000 m
dx 0056
g F W =0,060 655 m per 1000 m

The co-ordinates are adjusted with these differences.

CV.




CO-ORDINATES

TRIANGULATION CALCULATION
To calculate the ro-ordinates of an unknown point if the
co-ordinates  of fwo poinfs are known as well as the
directions from fthe known points fo the unknown point

A [
i) Calculate the join between A and B.
ii} Calcutate length of sides '3’ and ‘B’ by using Sin

formula : a _ . p b p
SinA ~ SinP SinB ~ SinP

jiii) Calculate co-ordinates of P by fwo polar calculations,
one from A and one from B. The two sets of
co-ordinates so obfained should be the same.

I the co-ordinates of P were calculated from A,
then the calculation from B is the check. The join
between A & P and beftween B £ P do not have fo
be calculated for a check.

{ see next page for example)

vV




CO-ORDINATES

TRIANGULATION CALCULATION

EXAMPLE
{Refer fo sketch on previous page)
a) Co-ordinates A -5 610,610 <+ 11 643,681
B -5 832,810 +11511630

b} Angles of direction AP 205° 30" 20"
BP 132°20° 10~

Calculate the co-ordinates of P.

ijCalculation of join AB:

A g -5610,610 | +11 643,681
23%9° 4 227222200 {-132,251
258,579 m
B ~-5832,810 | +11511,630
[- 222,200 | - 132,251
ii}Calculate lengths of sides AP and BP:
BAP = (239°14' 22° -205°30'20"" ) = 33°44° 02"
PBA - {132°20° 10" - 59°14'22") = 73° 05" 48"
AﬁB = 180° - (33°464/02"+ 7305 L,8") = T3° W' 10"
s ____ b __p
SinA - SinB ~ SinP
- BSIDA 450025 m
SinP
pSinB
= W = 258,479 m
iii) Calculation of co-ordinates of P:
A -5610,610 |+ 11 643,681
205° 30" 207]-111,301 |-233.289
258479 m
-5721.,991 1+ 11610,392
-5§32,810 |+ 11 511,430
132° 20° 107|+110,899 [-101,038
150,025 m
p -5721.911 |+ 11 610,392

Cv.




AREAS BY CO-ORDINATES

e

. /

{¥+18 :X=9) D

AY-0 ; X=23)

B (Y-27,%<8}

O HY+T7; %26}
Y

AREA = .%.“A,.Bym By} By « Ly N8Bt~ Cx)+ {Cy+ Dy} Cx -Dx)
+(Dy » Ay HDx ~Ax )}

XAMPLE

{ Ay+ByHAx-Bx) {By+Cy }Bx - Cx)
= {-%- 27%-23-8) = -27+ 7 ) 8- 26)
= (=373 -31) = (-20){-18)
= 1167 = 2360

{ Oy« Dy HCx- Ox) {Dy+Ay HDx- Ax}
= {7+18026-9) = {18~ DU9 + 23}
= (25)(17} = {8}32)
= +425 = « 256

AREA =32—(11:.7 + 360 + 425 + 256 )
:109‘0 mz

NOTE :
The calculation must be checked by repesting with the
difference of the y's and the sum of the x's. The
result will now be negative.

CY.
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STEEL BARS FOR THE
REINFORCEMENT  OF
CONCRETE

CROSS SECTIONAL AREAS AND MASSES

SIZE mm |CROSS SECTIONAL AREA mm?| MASS kg/m
6 28,3 0,222
8 50,3 0,395

10 78,5 0,616
12 113,1 0,888
16 201,1 1,579
20 314,2 2,466
25 90,9 3,854
32 804,2 6,313
40 1256,6 9, 864
50 1963,5 15,413

CV.
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REINFORCING.
STANDARD SHAPE COBES
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e o |
32 42 c 55 83 a
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REINFORCING.

CALCULATED LENGTHS

®

20 41 54 81
A A+B+C A+B+C-r-2d 2A+3B+5d
32 b2 85 83
if angle with horz.
Ath is 45° or less A+2B+CeD-20-bd
A*BYCHN | a+BecCeDrE-
33 L3 2r-4d 85
At2h e My A+ B+0STCTD-
A+2B+C+E e - 257d
34 45 80 86
Atn A+B+C-lr-d | 2(A+B)+2n |Where B dossnot
exceed . . the
k)
length s
35 L8 62 C
N e T
A+cC where :
AzExternal dia.
36 49 65 N=No. of turns
(A+C+E )+ If angle with herz. A B:=Pitch of helix
0,578+ D)-3444d |15 45° or less dz Nom. dis. of
A+B+C bar
37 51 72 99
- e
A+B-lor ~d A+B-lor-d 2a+8 4 2h
¥ r is non-standord | if r is stondord
use shape code 5i. |use shape code 37
38 52 73
26+ B+C+n
A+B+C+D~
A+B+C-r-2d V- 34 ™
24+ 38+ 2n AS PER
SABS 82
39 53 75
A -
avostBec-isra | ATEICIDYET laipece2n e
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REINFORCING,

MINIMUM HOOKS AND BENDS.

I. MILD STEEL BARS.(R])
%
{3‘,

® ]
‘\'z
. P Pl 3 N
< 3
Oy
d=dia. of bar d=dia. of bar
L_’____L—__. L__L.__... '

(®) = SEMI-CIRCULAR HOOKS (Shape codes 32,33 and 72)

h=Hook allowance =9d {min.}) taken fo the nearest 10mm
over, or not less than 00 mm to be added %o
dimension L.

= BENDS FORMING END ANCHORAGES
{Shape codes 34,35 and 42)

n=Bend allowance = 5d {min.} taken to the nearest 10mm
over, or not less than 00 mm added fo dimension L.

Size of bar,mm d| 8 | 10 12 | 16 ;20 | 25 | 32 | &0
Hook allowance, h| 100 | 140 | 170 | 190 | 210 | 240 1290 |360
Bend allowance, n 00 | 100 | 100 | 120 | 130 ) 150 |80 | 200

[AS PER SABS 82|
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REINFORCING.

MINIMUM _HOOKS AND BENDS.
11. HIGH YIELD STRESS STEEL BARS. (Y)

n=5,3

d=dia. of bor
L**—L————-

(B) = SEMI-CIRCULAR HOOKS {Shape codes 32,33 and 72)

h= Hook allowance =11d {min.) taken to the nearest 10mm

over, of not less than 180 mm to be added o
dimension L.

(B)= BENDS_FORMING END ANCHORAGES
{Shape codes 34,35 and &2)

n = Bend allowance =5,5d {min.} taken %o the nearest Wmm

over, or not less than10 mm fo be added %o
dimension L.

Size of bar, mm d| 8 10 12 | 16 20 25 32| &0

Hook allowance  h| 150 | 180 | 210 | 240 | 280 | 340 | 400 | 480
Bend allowance n| 100 | 130 | 130 | 150 | 170 | 190 | 220 | 250

{AS PER SABS 82|
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