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4 GEOMETRIC FORMULAS

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

RECTANGLE OF LENGTH b AND WIDTH «

Area = ab

Perimeter = 2a -+ 2b

b
Fig. 4-1
PARALLELOGRAM OF ALTITUDE 7 AND BASE b
Area = bh = absine
Perimeter = 2a + 2b
b
Fig. 4-2

TRIANGLE OF ALTITUDE 2 AND BASE b

Avrea

+bh = lab sine
Vs(s — a)(s—b)(s—¢)

where ¢ = J(a+ b+ ¢) = semiperimeter

1

Perimeter = a+ b + ¢ Fig. 4-3

TRAPEZOID OF ALTITUDE 7 AND PARALLEL SIDES ¢ AND b

a

Area = Lh(a+b)

s i 1, 1
Perimeter a+b+h (Sin 2 + s 95) P
a+ b+ h{csc o + esc ¢)

Fig. 4-4

(a)




GEOMETRIC FORMULAS

REGULAR POLYGON OF n SIDES EACH OF LENGTH b

b
_ T _ cos (7/n)
4.9 Area = }nbzcotn = inb2-—-——sin /)
4.10 Perimeter = nb
Fig.4-5
CIRCLE OF RADIUS r
4.11 Area = 772
412 Perimeter = 277
Fig.4-6
SECTOR OF CIRCLE OF RADIUS 7
413  Area = }r%  [6 in radians]
r
8
414 Arc length s = 74 :
r
Fig.4-7

’I!ADIUS OF CIRCLE INSCRIBED IN A TRIANGLE OF SIDES a,b,¢

xw — b)(s —.
- V(s — a)(s = b)(s —.0)

8

4,15

where s = L(a + b+ ¢) = semiperimeter

Fig. 4-8

RADIUS OF CIRCLE CIRCUMSCRIBING A TRIANGLE OF SIDES a,b,c

4.16 R = g9e \
4/s(s — a)(s — b)(s — o)
where s = l(a+ b+ c) = semiperimeter v

(b)



GEOMETRIC FORMULAS

REGULAR POLYGON OF n SIDES INSCRIBED IN CIRCLE OF RADIUS 7

360°
n

417 Area = Jmr? sin2l = Jnr?sin
n

o

. . T .1
4.18 Perimeter = 2nr sin = = 2nr sin

Fig. 4-10

REGULAR POLYGON OF 7 SIDES CIRCUMSCRIBING A CIRCLE OF RADIUS 7

L1 N
4.19 Area = w2 tan% = nr? tani_fc
[+]
420 Perimeter = 2nr tan% = 2nr tan 160 { )
o -7
Fig. 4-11
SEGMENT OF CIRCLE OF RADIUS
421 Area of shaded part = 472(6 —sino) v
P
Fig. 4-12

ELLIPSE OF SEMI-MAJOR AXIS ¢ AND SEMI-MINOR AXIS b

4,22 Area = gab /_ b
T2
4,23  Perimeter = d4a f V1 — k2 sin? ¢ de ' \j
0
= 27 Vi(a?+b?) [approximately]
where k = Va2 — b2%/a. See page 254 for numerical tables. Fig. 4-13

SEGMENT OF A PARABOLA

B
4.24 Area = 2ab

B

2 da + /b2 + 1642
4.25 Arc length ABC = 1Vb2+16a® + g; In (45—>

A

- b
Fig. 4-14

3

(c)



4.26

4.27

4.28

4,29

4.30

4.31

4.32

4.33

4.34

GEOMETRIC FORMULAS

RECTANGULAR PARALLELEPIPED OF LENGTH o, HEIGHT [, WIDTH ¢

Volume = abe

Surface area = 2(ab -+ ac + be) I R -

PARALLELEPIPED OF CROSS-SECTIONAL AREA A AND HEIGHT A

Volume = Ah = abesing

SPHERE OF RADIUS 7

Volume = gv.—r-"

Surface area = dzr2

Fig. 4-17

RIGHT CIRCULAR CYLINDER OF RADIUS » AND HEIGHT %

Volume = #72h

Lateral surface area = 2zrh

Fig. 4-18

CIRCULAR CYLINDER OF RADIUS » AND SLANT HEIGHT !

Volume = zr2h = rmr2lsineg

—

Lateral surface area = 271l = :;:‘:’ = 2zrh cscé

Fig. 4-19

(d)



GEOMETRIC FORMULAS

CYLINDER OF CROSS-SECTIONAL AREA A AND SLANT HEIGHT [

4.35 Volume = Ah = Alsine SNy
4.36 Lateral surface area = pl = siz:aha = phesce l
Note that formulas 4.31 to 4.34 are special cases.

Fig. 4-20

RIGHT CIRCULAR CONE OF RADIUS » AND HEIGHT h

437 Volume = =72k

4.38 Lateral surface area = zrVe2+ k2 = 771l

<

Fig. 4-21

PYRAMID OF BASE AREA A AND HEIGHT £

4.39 Volume = 1Ah ‘

Fig. 4-22

SPHERICAL CAP OF RADIUS » AND HEIGHT £

4.40 Volume (shaded in figure) = L#h2(3r—h)
4.41 Surface area = 2rrh

Fig.4-23

FRUSTRUM OF RIGHT CIRCULAR CONE OF RADII a,b AND HEIGHT %

4,42 Volume = 1rh(a®+ ab+ b3)
4.43 Lateral surface area = =#(a+b) VA2 + (b—a)?
= w(at+ byl

Fig. 4-24

(e)



4.44

4.45

4.46

4.47

4.48

GEOMETRIC FORMULAS
SPHER!CAI. TRIANGLE OF ANGLES A,B,C ON SPHERE OF RADIUS 7

Area of triangle ABC = (A+B+C—a)r2

———

Fig. 4-25

TORUS OF INNER RADIUS ¢ AND OUTER RADIUS b

Volume = 1z%a+ b)(b— a)?

Surface area = #2(b%2— a?)

Fig. 4-26

ELLIPSOID OF SEMI-AXES a,b,¢

Volume = %rrabc

- PARABOLOID OF REVOLUTION

Volume = é?rbﬂa

(f)



Names and Abbreviations of Some Measurement Units

Unit Abbreviation Arabic Abbreviation
or Name
Millimetre mm alo
Centimetre cm s
Metre m e
Kilometre km &S
Foot ft (p8)
Yard yd (32,L)
Gram gm ol
Kilogram kg PESS
Pound b (Jay o 3ml 5l x5l

English-Metric Conversion Factors

Conversion Factors from English Unitsto Metric Units

Unit Multiply by Convert to
inch 25.4 mm
2.54 cm
: 30.48 cm
Length ft (12 inch) 0.3048 m
Station (100 ft) 0.3048 Station (100 m)
yd (3 ft) 0.9144 m
Mile (1760 yd) 1.6093 km
inch” 645.16 mm’ i
2 0.4047 Hectare (10000 m”)
Acre (4840 yd") 4046.86 iy
Area ft* (144 inch?) 0.0929 m’
yd’ 0.8361 m’
Square Mile 2.59 km®
(Sl () (Blia) ai s 2500 m’
(e ) Olad 4200 m’
inch’ 16.3871 cm’
ft 0.0283 m’
Volume yd’ 0.7646 m’
British (Imperial) Gallon 4.5461 Litre (1000 cm’)
U.S. Gallon 3.7854 Litre (1000 cm’)
1b 0.4536 kg (1000 gm)
Mass British Ton (2000 1b) 1.0161 Tonne (1000 kg)
U.S. Ton (2240 Ib) 0.9072 Tonne (1000 kg)
: Ib/yd 0.4961 kg/m
Density b/ 16.0185 ke/m®

(8)




Conversion Factorsfrom Metric Unitsto English Units

Unit Multiply by Convert to
mm 0.0394 inch
m 0.3937 inch
¢ 0.0328 ft
Length m 3.2808 ft
1.0936 yd
Station (100 m) 3.2808 Station (100 ft)
km 0.6214 Mile (1760 yd)
mm” 0.0016 inch’”
Hectare (10000 m®) 24711 Acre (4840 yd*)
Area . 10.7639 ft* (144 inch?)
1.1960 yd?
km’ 0.3861 Square Mile
cm’ 0.061 inch’
o 35.3147 ft’
Volume 1.3080 yd’®
3 : 220 British (Imperial) Gallon
m- (1000 Litre) 264.2 U.S. Gallon
kg (1000 gm) 2.2046 Ib
Mass 0.9842 British Ton (2000 1b)
Tonne (1000 kg) 1.1023 U.S. Ton (2240 Ib)
: kg/m 2.0159 1b/yd
Density ko/m’ 0.0624 Ib/f
sAgasaat) Jual jull Aaslid) alaa!
Sl e (42) Jobaz La 5l 58 (160) Anas (bl i) a0 (1
S osle (44) dolas e 1 51 (200) Aas e (2
Horse Power

1 Imperial (Mechanical) Horse Power (hp) = 745.7 Watts
1 Metric Horse Power = 735.5 Watts

The metric horsepower
1 hp =T35.3 wails

(h)
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AASHTO Standard Specification for Transportation Materials and Methods of
Sampling and Testing adopted by the (American Association of State
Highway and Transportation Officials).

ASTM Standard Specification adopted by the (American Society for Testing and
Materials).

BS British Standard, published by the British Standards Institution.

DIN Deutsche Industrial Norm (German Standard).

JIS Japanese Industrial Standard, published by Japanese Industrial Standard

Committee (JISC) (Established from the old Japanese Engineering
Standards JES-1921).
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30m

Parking yard with 2 m high BRC fencing
supported by suitable concrete columns every 2 m

$ +0.10

BRC door 3.75 m wide

N1

20m

0.00

Highway
) C
+0.10
ﬁ Hot-mix Asphalt concrete surface layer
— P — Thickness =5 cm
-0.10 SSTi e ST ~— % Reinforced concrete layer
7 - o s o o o (P8 mm@20 cm wire mesh top and bottom)
- : - —  Thickness = 15 cm

Well-compacted Subgrade Soil

AV
+0.05
._ \

-0.10

Plain concrete
(30x30x40) cm

8 cm brick layer

043  oseracrnn
Concrete column

foundation for BRC
fencing
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Veonerete = 0.67 X (Ve + Vs + Vi)
Where:

V Conerete = Volume of concrete mix

V¢ = Volume of cement
Vg = Volume of sand
Vs = Volume of gravel
A s oSl e cally Ala Al e Pa 1 ol (4:2:1) Jalad) s cailS 13
1 m’=0.67x(Ve+ Vg + V)
Since Vg=2XxVcand Vg=4X V¢ (1:2:4) concrete mix
1m’=0.67x(Ve+2Ve+4Ve)=0.67x7 X Ve
5 Ve=1/(0.67x7)=0.2132m’
5 Vs=2x02132m’=0.426 m’
5 Vg=4x02132m’=0.853 m’
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Wce = Weight of cement (kg)
We= Ve X ye=02132m’ x 1400 kg / m’ = 298.5 kg = 300 kg = 6 bags
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Vs=0.426 m’ x 1.075=0.46 m’
Vs=0.853m’ x 1.075=0.92 m’
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Vw=Vc
Vw = Volume of water per 1 m?® of concrete mix
odlel 5y Sl ALlal ) Kb
Vy =0.2132 m’ = 213 Liters
Vw = 50 Imp. Gallons = 60 US Gallons

:Forms <! sa!)
Qe 405 5550 b e e 8 LS Al all il Al Agmand) Al v ) i)

sdalial) 4ilu ALl Reinforcement Steel zeledll Las

3 5l Reinforcement Bars geludll (lualy daluall 43l 20 (e 585 28 45l A1 ) sl 5 Baec !
138 Gl s S 3l e Bae JIS) lia 5 «Composite Aalus Alu a5 dguas ahalia (e 48 je o S
abliall aranat ) JSG IS Loge DSl COlus 44K 48 jae 54 0 gllaall (815 Ll 50 Jae

..H..

1

Samples of
Composite Sections

:Reinforcement Bars Schedule zalsill mas Jsaa
e zalai Bae llia g cdlil ez gl g aada@illy sealudll galas o gl palodll das Joaldl (o J o 58
:L;.&\ CJ}A.\M 40 b ydl) ¢ Jglaall (ya &}d\ Y

- - - ;m N .
S skl | as C-»“J;‘M‘M 2 J;:“U AL ¢ Al Ciaag
(® S Al JLA) g8l | el | oaxmdl | el g5l
@ | W
11 10 9 8 7 6 5 4 3 2 |
Structural Member Reinforcement Bars Total
Length Total Length
Type | Designation | Count | Designation | Kind (m¢m) (mg) Shape | Count | Count (m)
1 2 3 4 5 6 7 8 9 10 11




:Jsaall 2 3

Al 5 HLEY) i (53 Caieail) Canan) & L e cgie dsae (] dgenll) LAY s allg 55 @
(Al il 5o G

sl g 5 i e alaal 5 JIKEI sac @llia (4S5 08 LI ¢ ) Je ) (2 aseall) el @
Aesarsill ilabadl i pali e Leie IS () oS5 ALY

(e asae 8 aaaall Sl 53 SLEY 6 Sall 4 S A aaedl 1(3 25enll) 222l @

High &l Jeaill Je / Mild g st ¢ Deformed s/ Plain ekl szledl) glaci ¢ 53 @
.Tensile

¢ all &SQEJ}SM\ Oldial gall 5 e ylb Cruadll \&QJJS'.QL;M! 22=l) :(9 J}Aﬂ\) W=l @
LSy

Glaadll 2xe X (3 2 aall) ALY ¢ Jalldy ) S5 Al daall = (10 25eall) Glazadll S 221l @
(9 3 sanll) LI & Jall Gy b dg Ll

SIS 232l x (7 2 saall) Aipma Cilinal go 53 abusll Cpmd Jgha = (1] 2seall) IS J5h o
(10 25eal)

oAzl g dsaall Bl e

rzladll das Jsan alasil 441 U

LS Jghll | sl C-:‘g:‘s ‘%'Ajz“s A 5 5al) sy
® P S| I X1 R (A ® (ole) g5 sl asdl | e | gl
120 60 | 6 | | 20 | 20 glsf RB-01 | 10 | C-05 | s

il amd ) gl e

ALl Aagll JISEY1 any Lgie 28l zglull 5 58S Jpualis ellia

O Y "
S ]

(COdGS Q\J}ﬁ\) C’_MJJ.J\ LAQ ol e.mb.aﬁ\ﬁ ‘(’5‘“‘3\ &}4 iy Calids u\.\mﬂl\ Gleling) Jualds
0 8 puasal) A5V A ylall st Sy y Ailag Sl gaall e diaal) el e (lias 3 5aY)
:J) sV

N




Standard Hooks (for anchorage):

Notes:
1) s s sar asanaill 2 Al D gaal) Cavs aanaall Jd (e 2085 malidil) Glacal 8 i) ¢ 3ol J) skl
el 138 8 Al pulidl) J) sha¥) aladin) (Say aaaal) J (e 3oasall JI W) i 5 aae Al

2)r

> I'min

3) I'min 18 to reduce stress concentration at bend point () 4dkaia & Cilalgal¥) 38 5 Julal

dy, = Bar Diameter

Main Reinforcement Stirrups
180° 90° 90° 135°
-
I . . -
< / I / I
( r . b AN
=
,\z\,
C B B
Imin = 3d, = 5d, Imin = 3d, = 5d, Imin = 4dy Imin = 4dy
| =4d, > 60 mm | =124, | = 6d, > 60 mm | =6d,>75 mm
H =4dy + % circle B =12dy + /4 circle
1 1
H=d, 4+Z(2X5XT[)] B=db[12+§(2x5><n)] B=H=12dy

H=12dp

B =12dp

Bar Overlap (Development Length) oluadll Jalas:

Lp = Factor x dy,

Factor = (20 to 60): According to Tension/Compression, (f." and fy), and some other

factors. Factor increases for low values of (f;" and f,) and vice versa.
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! L1 i L1
L=(L1+2xL2) L=(L1+L2)

1Y) JERIS cani )l e e oyl o s TS elini¥) IS 131 Y)

c_ 7 .
NE

e

oL L1 1
L =2x(L1 + (rxm) + H) L=(L1+L2+ x (2xrxm))

RadlancﬁJLﬂ\MﬁJsﬂbw)ﬂ\ijxM\M:&f\dw}sg\dﬁ,&am

80 Ly celiatV) Caatia At 1) ¢ 3all J gl crind Gl o dag ) ¢ da G e BaYI IS 1N
Azl 8 (e WS «(Hook (H) or Bend (B)) <udiill ¢ ja (e crvny £LatY) (4

W v H%{—q
i i 5

i | |
L1 : L1 :
L=(L1+H) L = (L1 + 2xH) .

|

L1
L =(L1+2xL2+ 2xB)

rol WS B g H el cilyiacial 4091 4y 08l J) sl (zal i) oSy g
For main reinforcement, assume: H=12 d, and B =16 d,
For stirrups, assume H=B =12 d,
Where: d,, = bar diameter
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L=(L1+2xL2+ 2xH) L =(2xL1 + 2xL 2 + 2xH) L= (L1 +2xL2+ 2xB)
\° l
—_— \3‘9/'
Q
L = (8xL1 + 2xL 2) L = (Dxm + LD) = (Dxm + 2xH)

(s AT dpaliiy ¥

1) Cranking:

| L1 | ] -
N\ g

| L2
<

A

a=30°, 45°, or 60°
2) Spiral (Helix):

IPitch =P
D = Internal Diameter

A ARl Caa g J shal) Coeny g Asd) 3 yala ) ASLal) 5 jalall 7y
L=Nx(D+dy)xm
LomS e 068 o) (S ecldlll aae = N 1)) dua
IfP > %then calculate inclined lengths (ALl JI ga¥) coua)

IfP < %then:
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0.249 6 Y4
0.561 10 3/8
0.997 12 /2
1.555 16 5/8
2.238 18 Y
3.046 22 7/8
3.978 25 1.0
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V=0.75 (Vs + V¢)
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V = Jall ge Criandl] & 5a aaa
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Vs=3X V¢
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S Ve=(V/3)m’; Vg=3Vec=Vm’
3\ xS 1400 o CitanY) DL o) Uyt 13
W = Weight of cement (kg) = (V / 3) x 1400
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If w=1.0 Tonne = 1000 kg; and S (Slope) = 1%, then:
P=1000/100=10 (kg / Tonne / 1% slope)
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For 4-cycle engines:

hp Loss % = 3% for every 300 m after first 300 m above sea level.
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Where: H = Altitude over sea level
hp = engine horse-power at sea level
For 2-cycle engines:

hp Loss % = 1% for every 300 m after first 300 m above sea level.

H 0
hp Loss% = (W X 1%) X hp
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Where: hp. = Corrected horse-power for standard conditions

hp, = Observed horse-power at work (or test) conditions
Ps = Standard barometric pressure (760 mm Hg)
P, = Observed barometric pressure at work (or test) conditions
Ts = Absolute temperature at standard conditions
(15°C + 273° = 288° Absolute) or (60°F + 460°)
T, = Observed absolute temperature at work (or test) conditions
(T°C + 273°) or (T°F + 460°)
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