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APPENDIX B - GEOMETRIC AND TRIGONOMETRIC
REFERENCE CHARTS

The charts in this section contain a number of formulas for performing geometric and
trigonometric calculations. These charts should be used as references in calculating quantities for
measurement and payment.
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OBLIQUE TRIANGLE

A=
! b h = altitude 2
y ih ¢ = base of,
l a+rbioc
r———EEE N PN A e COICD

REGULAR FOLYGON

Example:

Folygon (hexagon) A = Sum of sides X r
# with circle inscribed 2

within,

CIRCLE I A=mr
r = radius P ,
a = diameter d el daliaal;
- R A = circum X r
s n = 514G circum = md A nd .
T4
SECTOR
r = radiue a — Area of Circle X A
A = Degrees of Enclosed Angle 560
SEGMENT A = 2/3 ab
b (Approximately)
Use for segments
i A having M.0. of Tless
A A . than 1/4 the Tlength
{ ”5 | of the chord
B, A=0.7854ab
ELLIPSE
b a = Major Axis A = 7854 ab

b = Minor Axis

Figure J-1: Areas of Common Geometric Shapes
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SQUAKE
] - All Angles = 20 Ao
5 =9
RECTANGLE
N All Angles = 20 A = ah
PARALLELOGEAM
Opposite Sides
are Farallsl
RIGHT TRIANGLE
c x _ab
a o a+b =c¢c A= >
]
TRAFPEZOID b (a+b) )
& 2
4 ih \ z parallel to b or
Q | |
ik | Solve as Sum of Rectangle
}( ‘ ﬂ and 2 Triangles
h parallel to n A= b(h+h');ah+ch'

Figure J-2: Areas of Common Geometric Shapes
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RIGHT ANGLED
TRIANGLES 2_ 2 2
B a2 ~ C2 ) b2
c a b°=c -a
A b c’=a’+Db?
Required
Known !
A B a b c Area
ab
ab |tanA= & tanB=% \/a+ b 2
a/a+b
a,c S|nA=% cosB=% - a 2
90°-A a a
A@ sin A 2tan A
o _b b’ tan A
Ab 90°-A b tan A o A 2
Ac 90°- A csin A ccos A ¢’sin2A
OBLIQUE ANGLED
TRIANGLES
2 _ 12 2
az—b2+c2-2bccosA _a+b+c
b =a"+c’-2accosB =72
é=a+b’-2abcosC
Required
Known A B Cc b c Area
2 2 .2 2, .2 1.2 2 2 2
a,b,c|lcosA= % sB= % cosC= % s(s-a) (s-b) (s-c)
o _ asinB asinC
aAB 180°- (A*B) sin A sin A
. n_ bsinA bsinC
a,b,A sinB= = Sin B
a,b,CltanA=gaSMC V@t -2aboosC | AC

Figure J-3: Trigonometric Values for Right and Oblique Triangles
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PRISMOIDAL FORMULA:

Volume = (A +A +4A ) Qb

1. Prismoid has parallel bases.

2. Middle area is not %2 sum of upper and
lower base areas.

3. Average end areas give slightly larger
answers.

4. To use formula, upper and lower bases will
be cross sections.

PARABOLA

Given, chord = OB
Given, middle ordinate = h

To draw a parabola to scale, number the equally spaced ordinates between the

end and center as shown; then, h = (h)g)}:—g ,h = (h)%;% , etc.

Figure J-4: Prismoidal Volume and Parabolic Height Calculations
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FARABOLA
Area of Shaded Fortion:

A = 2bh

)
(Approximately)

[RREGULAR FIGURE

g| h X =X

XJ X
-
Ll b

| Rl |

A h
A=\zr+brotdrerfrg+z)x

.F

X XlX X XJ
- - -
ol e

I Mt e D T B |

PROFPERTIES OF THE CIRCLE

Circumference of Circle of Diameter 1 = n = 3.14159265
Circumference of Circle =2 1 r

Diameter of Circle = Circumference X 0.31831

Diameter of Circle of equal periphery as Square = side X 1.27324
Side of Square of equal periphery as Circle = diameter X 0.78540
Diameter of Circle circumscribed about Square = side X 1.41421

Side of Square inscribed in Circle = diameter X 0.70711
Length of Arc= a

=0017453ra.  Angle, o= 1871% = 57.20578 =

Diameter, d=

el L4 ‘”?4“3 Chord, ¢=2+/2br-b =2rsin-%
Rise, b=r-; \/4rz-c’=%tan%=2rsin’%

Rise, b=r+y-4/r -x y=b-r+4/1 -%x X=A/T -(r+y-b)

Figure J-5: Areas of Irregular Figures and Geometric Properties of a Circle
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SURFACE AND VOLUME OF SOLIDS

[ SRR .

1

1

1

1
—_——

GIVEN

PRISM

(RIGHT OR OBLIQUE, REGULAR OR
IRREGULAR, PARALLELOPIPED)

Perimeter. P, perpendicular to
sides; lateral length, L.

Area of base, B; perpendicular
height, h.

Area section perpendicular to
sides, A; lateral length, L.

CYLINDER

(RIGHT OR OBLIQUE, CRCULAR OR
ELLIPTIC)

Perimeter of base, P ;
perpendicular height, h.

Perimeter, P, perpendicular to
sides; lateral length, L.

Area of base, B; perpendicular
height, h.

Area of section perpendicular
to sides, A; lateral length, L.

FRUSTRUM OF ANY PRISM

e T |

A4

OR CYLINDER

Area of base, B; perpendicular
distance from base to center of
gravity of opposite face, h.

FRUSTRUM OF CYLINDER

Area of section perpendicular
to sides, A; maximum lateral
length, L , and minimum, L .

PYRAMID OR CONE
(RIGHT AND REGULAR)

Perimeter of base, P ; slant
height, L.

Area of base, B; perpendicular

PYRAMID OR CONE

(RIGHT OR OBLIQUE, REGULAR OR
IRREGULAR)

Area of base, B; perpendicular
height, h.

SOUGHT
Lateral
Surface = PL
Volume = Bh
Volume = AL
Lateral
Surface = P h
Lateral
Surface = PL
Volume = Bh
Volume = AL
Volume = Bh

Volume = %2 A(L +L )

Lateral
Surface=% P L

Volume = 1/3Bh

Volume = 1/3Bh

= 1/3 the volume of prism
or cylinder of same base
and perpendicular height or
Yathe volume of
hemisphere of same base
and perpendicular height.

Figure J-6: Surface and Volume of Solids
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SURFACE AND YOLUME OF SOLIDS

=1

i
>
-
-

GIVEN

FRUSTRUM FOR PYRAMID
OR CONE

(RIGHT AND REGULAR PARALLEL ENDS)

Perimeters of base, PD, and

WEDGE
{PARALLELOGRANM FACE )

Length of edges, a and b;
perpendicular height, h;
perpendicular width, d.

PRISMATOID

Areas of base, B, top, T, and of
a section, M, parallel to and
midway between base and top;
perpendicular height, h.¥
SPHERE

Radius, r.

SPHERICAL SECTOR

Radius, r; length of chord, c;
height, h.

SPHERICAL SEGMENT

Radius, r; length of chord, ¢;
height, h.

SOUGHT

Lateral Surface =

top, P‘; slant height, L. “%LP +P)
Areas of base, B, and top, T, YIRS &
perpendicular height, h.
173h (B+T++/ BT)
FRUSTRUM FOR ANY
PYRAMID OR CONE
) J\h j {PARALLEL ENDS}
‘ h 4 Areas of base, B, and top, T, Volume =
perpendicular height, h. 1B h{B+T+1 / BT)

Volume = % dh (2a + b)

Volume=-—h(B+T+4M)

o)

Area=4nr
Volume = %nr’

Area = %r (4h +c)

Volume = - nrh

Curved Surface =

2nrh = - (4h +6)
Volume =

s
Zh (Br-h) =

¥ This formula also applies to any ofthe
foregoing solids with parallel bases, to
pyramids, cones, spherical sections and
to many solids with irregular surfaces.

i 3 3
340 (3¢ +4h)

Y

Figure J-7: Surface and Volume of Solids
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GIVEN
SPHERICAL ZONE

Radius, r; height, h; diameters,
aandc.

RING OF CIRCULAR CROSS
SECTION, TORUS

Radius of ring, r, and of cross
section, r .

UNGULA OF RIGHT,
REGULAR CYLINDER

Base = segment, bab’ (smaller
than semi-circle).

Radius of cylinder, r; height, h;
length of chord, m; distance
from chord to axis of cylinder, o.

Base = semi-circle,
Radius of cylinder, r; height, h.

Base = segment, cac’ (larger
than semi-circle).

Radius of cylinder, r; height, h;
length of chord, m; distance
from chord to axis of cylinder, o.

Base = circle,
Radius of cylinder, r; height, h.

ELLIPSOID
Axes, a, band c.

PARABOLOID
Axes, a, b and c.

The ratio of corresponding volumes of

cone, parabolcid, sphere and cylinder

of equal heightis 1.1.2. 4
5T

SURFACE AND SOLIDS

OF REVOLUTION

VWhen a plane curve or straight line
revolves around an axis of revolution in
the same plane, a surface ofrevolutionis
produced. A solid of revolution results
from the rotation of an area around an
axis in its plane. Length of curve or
straight line, L; normal distance from
center of gravity to axis, r; angle of
revolution, o ; area ofrevolving plane, A.

SURFACE AND VYOLUME OF SOLIDS

SOUGHT

Curved Surface = 2arh

B . s o
Volume =54 (32 + 3¢ + 4h)

Area = 4n2rr

Volume=2n'r'r

Convex Surface =

(rm - o= arc bab’) rho

Volume =

m_o. w h
(ﬁ o} areabab)r_0

Convex Surface = 2rh
Volume =2/arh

Convex Surface =
(rm + o s arc cac’)

r+o
Volume =
M 4 g.arccas) D
Gz*er Vivo

Convex Surface =rnh
Volume = % r'mh

Volume = %'n abc

Volume = % nab

Length of arc described by

s Bgr O
center of gravity =  2nr 360

; _ oL
Surface of revolution = 2nrl 360

o o
Volume of solid = 2nrA 360

Figure J-8: Surface and Volume of Solids
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FPARABOLA

y =i

w = width between curbs

h = height of crown
B = distance to any point
y = distance below crown

CIRCULAR CROWN ROADWAY

:4hd+c‘

e = T er

S\ o2 S y=h-r+4/r -x
G i
,l

~ ¥ = z
N y=h+4/r -x-r

Figure J-9: Circular and Parabolic Roadway Crown Calculations
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RETAINING WALL YOLUME FORMULA

Volume = L F
24

L = Distance Between 2 Farallel Faces
FP=hV+hV +hV
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