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A.1   Trigonometric Functions 

Angle Sin Cos Tan Angle Sin Cos Tan 
0 0.000 1.000 0.000 46 0.719 0.695 1.04 
1 0.017 0.999 0.017 47 0.731 0.682 1.07 
2 0.035 0.999 0.035 48 0.743 0.699 1.11 
3 0.052 0.999 0.052 49 0.755 0.656 1.15 
4 0.070 0.998 0.070 50 0.766 0.643 1.19 
5 0.087 0.996 0.087 51 0.777 0.629 1.23 
6 0.105 0.995 0.105 52 0.788 0.616 1.28 
7 0.112 0.993 0.123 53 0.799 0.602 1.33 
8 0.139 0.990 0.141 54 0.809 0.588 1.38 
9 0.156 0.988 0.158 55 0.819 0.574 1.43 

10 0.174 0.985 0.176 56 0.829 0.559 1.48 
11 0.191 0.982 0.194 57 0.839 0.545 1.54 
12 0.208 0.978 0.213 58 0.848 0.530 1.60 
13 0.225 0.974 0.231 59 0.857 0.515 1.66 
14 0.242 0.970 0.249 60 0.866 0.500 1.73 
15 0.259 0.966 0.268 61 0.875 0.485 1.80 
16 0.276 0.961 0.287 62 0.883 0.469 1.88 
17 0.292 0.956 0.306 63 0.891 0.454 1.96 
18 0.309 0.951 0.325 64 0.898 0.438 2.05 
19 0.326 0.946 0.344 65 0.906 0.423 2.14 
20 0.342 0.940 0.364 66 0.914 0.407 2.25 
21 0.358 0.934 0.384 67 0.921 0.391 2.36 
22 0.375 0.927 0.404 68 0.927 0.375 2.48 
23 0.391 0.921 0.424 69 0.934 0.358 2.61 
24 0.407 0.914 0.445 70 0.940 0.342 2.75 
25 0.423 0.906 0.466 71 0.946 0.326 2.90 
26 0.438 0.898 0.488 72 0.951 0.309 3.08 
27 0.454 0.891 0.510 73 0.956 0.292 3.27 
28 0.469 0.883 0.532 74 0.961 0.276 3.49 
29 0.485 0.875 0.554 75 0.966 0.259 3.73 
30 0.500 0.866 0.577 76 0.970 0.242 4.01 
31 0.515 0.857 0.601 77 0.974 0.225 4.33 
32 0.530 0.848 0.625 78 0.978 0.208 4.70 
33 0.545 0.839 0.649 79 0.982 0.191 5.14 
34 0.559 0.829 0.675 80 0.985 0.174 5.67 
35 0.574 0.819 0.700 81 0.988 0.156 6.31 
36 0.588 0.809 0.727 82 0.990 0.139 7.12 
37 0.602 0.799 0.754 83 0.993 0.122 8.14 
38 0.616 0.788 0.781 84 0.995 0.105 9.51 
39 0.629 0.777 0.810 85 0.996 0.087 11.43 
40 0.643 0.766 0.839 86 0.998 0.070 14.30 
41 0.656 0.755 0.869 87 0.999 0.052 19.08 
42 0.699 0.743 0.900 88 0.999 0.035 28.64 
43 0.682 0.731 0.933 89 0.999 0.017 57.28 
44 0.695 0.719 0.966 90 1.000 0.000 Infinity 
45 0.707 0.707 1.000     
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A.2   Trigonometric Solution of Triangles 

 
 
 

         S = 
2

cba ++
 

 
 
 

Given Sought Formulae 

RIGHT-ANGLED TRIANGLES 

A,B,b 
c

a
 A sin =   

c

a
  B cos =   22 a-c=b  

a,c 

Area Area = 22 a-c
2

a
 

A,B,c 
b

a
 A tan =   

a

b
  Btan =   22 ba  c +=  

a,b 

Area Area = 
2

ab
 

B,b,c B = 90° - A  b = a cot A  c = 
Asin 

a
 

A,a 

Area Area = 
2

Acota2

 

B,a,c B = 90° - A  a = b tan A  c = 
Acos

b
 

A,b 

Area Area = 
2

Atanb2

 

B,a,b B = 90° - A  a = c sin A  b = c cos A 

A,c 

Area Area = 
2

AcosAsinc2

 or 
4

2Asinc2
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A.2   Trigonometric Solution of Triangles 
(Continued) 

 
 
 

         s = 
2

cba ++
 

 
 
 

Given Sought Formulae 

OBLIQUE-ANGLED TRIANGLES 

A 
( )( )

bc

csbs
A

2

1
sin 

--
= , cos 

( )
bc

a-ss
 A 

2

1
= , tan 

( )( )
( )ass

csbs
A

2

1

-

--
=  

B sin 
( )( )

ac

csas
B

2

1 --
= , cos 

( )
ac

bss
=B

2

1 -
, tan 

( )( )
( )bss

csas
=B

2

1

-

--
 

C sin 
( )( )

ab

bsas
=C

2

1 --
, cos 

( )
ab

css
=C

2

1 -
, tan 

( )( )
( )css

bsas
=C

2

1

-

--
 

a,b,c 

Area Area = ( )( )( )c-sb-sa-ss  

b,c b = 
Asin

Bsina

 

  
  c = 

Asin

Csina

 

  
 = 

( )
Asin

B+Asina

 

 
 

a,A,B 

Area Area = 
A sin 2

C sin B sina
=C sin ab

2
1 2

 

B sin B = 
a

Asinb   
 

c C cos ab 2-b+a=
Bsin

Csinb
=

Asin

Csina
=c 22

 

  

 

  
 a,b,A 

Area Area = 
2

1
 ab sin C 

A tan A = 
C cos a-b

Csin a 
  tan ( ) C  

2

1
cot

b+a

b-a
=B-A

2

1
   

c 
Asin  

Csin    a
=C cos 2ab-b÷a=c 22  a,b,C 

Area Area = Csin  ab
2

1
 

a2 = b2 + c2 – 2 bc cos A, b2 = a2 + c2 – 2 ac cos B,  c2 = a2 + b2 – 2 ab cos C 
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A.3   Slope Equations 
 
GIVEN: Dimensions A and B 
  Slopes S1 and S2 in feet per foot 
 
FIND:  Horizontal distance X 
  Area 
 
CASE I 
 
 
 
 
 
 
 
 
 
 

X = 
21 SS

A
 -

 Area = 
2

AX
 

CASE II 
 
 
 
 
 
 
 
 
 
 

X = 
21 SS

A
+

  Area = 
2

AX
 

CASE III 
 
 
 
 
 
 
 
 
 
 

X = A – (S1 – S2) B Area = 
2

X+A
 (B) 

CASE IV 
 
 
 
 
 
 
 
 
 
 

X = A – (S1 – S2) B Area = 
2

X+A
 (B) 

CASE V 
 
 
 
 
 
 
 
 
 
 
 

X = A – (S1 + S2) B Area = 
2

X+A
 (B) 

CASE VI 
 
 
 
 
 
 
 
 
 
 
 

X = A + (S1 + S2) B Area = 
2

X+A
 (B) 
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A.4   Area of Plane Figures 

  Square 

Diagonal = d = s 2 . 
Area = s2 = 4b2 = 0.5d2. 
Example: s = 6; b = 3.  Area = (6)2 = 36 Ans. 
 d = 6 x 1.414 = 8.484 Ans. 

 Rectangle and Parallelogram 

Area = ab or b 22 b-d  
Example: a = 6; b = 3. 
    Area = 3 x 6 = 18 Ans. 

  Trapezoid 

Area = ( )b+ah 
2

1
 

Example: a = 2; b = 4; h = 3 

 Area = ( ) 9=4+2 3×
2

1
Ans. 

  Trapezium 

Area = ( )[ ]ch+bh+h+ha
2

1 11  

Example: a = 4; b = 2; c = 2; h = 3; h1 = 2. 

 Area = ( ) ( ) ( )[ ] 15=3×2+2×2+2+34
2

1
 Ans. 

  Triangles 
Both formulas apply to both figures 

Area = 
2

1
 bh. 

Example:  h =3; b = 5. 

 Area = ( )
2

1
7=5×3

2

1
 Ans. 

Area = ( )( )( )c-Sb-Sa-SS  when S = 
2

c+b+a
 

Example:  a = 2; b = 3; c = 4. 

 S = 
2

4+3+2
 = 4.5;  Area = ( )( )( )4-4.53-4.52-4.5 4.5  = 2.9 Ans. 

  Regular Polygons 

Area 

22

22

22

22

22

22

22

22

r 3.21539=S 11.196300=sides 12
r 3.22993=S 9.365675=sides 11
r 3.24920=S 7.694250=sides 10
r 3.27573=S 6.181875=sides 9  
r 3.31368=S 4.828427=sides 8  
r 3.37101=S 3.633875=sides 7  
r 3.46410=S 2.598150=sides 6  
r3.63271=S 1.720477=sides 5   

 

n = number of sides;  r = short radius;  S = length of side;  R = long radius. 

Area = 
n

360°
sinR

2
n

=
n

180°
cotS

4
n 22 = nr2 tan

n

180°
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A.4   Area of Plane Figures 
(Continued) 

 
 Circle 
 
π  = 3.1416;  A = area d = diameter;  p = circumference or periphery; r = radius. 

p = π d = 3.1416d. p = 2 A3.54=πA  

p = 2 π r = 6.2832r p = 
d

4A
=

r

2A
 

d = 
3.1416

p
=

π

p
 d = 2 A1.128=

π

A
 

r = 
6.2832

p
=

2π

p
 r= A0.564=

π

A
 

A = 2
2

0.7854d=
4

πd
 A = 

12.57

p
=

4π

p 22

 

A= 22 3.1416r=πr  A = 
4

pd
=

2

pr
 

 
 Circular Ring 
 

Area = ( ) ( )2222 r-R3.1416=r-Rπ   
Area = 0.7854(D2-d2) = 0.7854(D-d)(D+d) 
Area = difference in areas between the inner and outer circles. 
Example:  R = 4; r = 2. 
 Area = 3.1416(42-22)=37.6992 Ans. 

 
 Quadrant 
 

Area = 22
2

0.3927c=0.7854r=
4

πr
 

Example:  r = 3; c = chord. 
 Area = 0.7854 x 32 = 7.0686 Ans. 
 

 
 Segment 
 

b = length of arc θ  = angle in degrees c = chord = ( )2h-2hr4  

Area = ( )[ ] ( )
2

h-rc
-

360

θ
πr=h-rc-br

2

1 2  

When θ is greater  than 180°, then ×
2

c
difference between r and h is added to the 

fraction 
360

θπr2

 

Example:  r = 3; θ = 120°; h = 1.5 

 Area = 3.1416 
( )

5.5278=
2

1.5-35.196
-

360

120
×3× 2  

 Ans. 
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A.4   Area of Plane Figures 
(Continued) 

 
 Sector 
 

Area = 
360°

θ
πr=

2

br 2  

 θ  = angle in degrees; b = length of arc. 
Example:  r = 3;  θ  = 120° 

 Area = 3.1416 9.4248=
360

120
×3× 2  Ans. 

 
 Spandrel 
 
Area = 0.2146r2 = 0.1073c2 
Example:  r = 3 
 Area = 0.2146 x 32 = 1.9314 Ans. 
 
 
 
 
 

  Parabola 
 
l = length of curved line = periphery – s 

l = ( ) ( )[ ]
22

s

4h
 = cin which  c+1+clog×2.0326+c+1 c

8h
s









 

Area = sh
3

2
 

Example:  s = 3; h = 4 

 Area = 8=4×3×
3

2
 Ans. 

  Ellipse 
 
Area = 3.1416ab=baπ  

Circum. = 2
2

b+a
π

22

 (close approximation) 

Example:  a = 3; b = 4. 
 
 Area = 3.1416 x 3 x 4 = 37.6992 Ans. 

Circum. = 2 x 3.1416
( ) ( )

3.5355×6.2832=
2

4+3
22

 = 22.21 Ans. 
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A.5   Surface and Volume of Solids 
  

Parallelopiped 

S = perimeter, P, perp. to sides x lat. length, l:    Pl 
V = area of base, B, x perpendicular height, h:    Bh 
V = area of section, A, perp. to sides x lat. length, l:    Al 

  
Prism, Right or Oblique, Regular or Irregular 

S = perimeter, P, perp. to sides x lat. length, l:    Pl 
V = area of base, B, x perpendicular height, h:    Bh 
V = area of section, A, perp. to sides x lat. length, l:    Al 

  
Cylinder, Right or Oblique, Circular or Elliptic, etc. 

S = perimeter of base, P, x perp. height, h:     Ph 
S = perimeter, P1, perp. to sides x lat. length, l:    P1l 
V = area of base, B, x perpendicular height, h:    Bh 
V = area of section, A, perp. to sides x lat. length, l:    Al 

  
Frustum of any Prism or Cylinder 

V = area of base, B, x perp. distance, h, from base to center of gravity  
     of opposite face:       Bh 

 For cylinder:      ( )212
1 l+lA  

  
Pyramid or Cone, Right and Regular 

S = perimeter of base, P, x 
2
1  slant height, l:     

2
1 Pl 

V = area of base, B, x 
8
1  perp. height, h:     

8
1 Bh 

  
Pyramid or Cone, Right or Oblique, Regular or Irregular 

V = area of base, B, x 
3
1  perp. height, h:     

3
1 Bh 

V = 
3
1  volume of prism or cylinder of same base and perpendicular height 

V = 
2
1  volume of hemisphere of same base and perpendicular height 

  
Frustum of Pyramid or Cone, Right and Regular, Parallel Ends 

S = (sum of perimeter of base, P, and top, p) x 
2
1  slant height, l:          

2
1 l (P+p) 

V = (sum of areas of base, B, and top, b + square root of their products) x 

 
3
1  perp. height, h: 

3
1 h(B+b+ Bb )

S = Lateral or Convex Surface   V = Volume  
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A.5   Surface and Volume of Solids 
(Continued) 

  
Frustum of any Pyramid or Cone, Parallel Ends 

 
V = (sum of areas of base, B, and top, b + square root of their products)  
 x 

8
1 perp. height, h:              

8
1 h(B+b+ Bb )

  
Wedge, Parallelogram Face 

 
V = 

6
1  (sum of three edges, a b a, x perpendicular height, h 

 x perpendicular width, d):         
6
1 dh(2a+b) 

  
Prismatoid 

 
V = 

6
1  perp. height, h (sum of areas of base, B, and top b, +4 x area of  

section, M, parallel to bases and midway between them): 
6
1 h(B+b+4M

The Prismatoid formula applies also to any of the foregoing solids with parallel bases, 
to pyramids, cones, and spherical sections, and to many solids with irregular surfaces. 
 

  
Sphere 

 
S = 4 π r2 = π d2 = 3.14159265 d2 

V = 333 d 0.52359878=d π6
1=r π

3
4

 

  
Spherical Sector 

 

S = ( )c+4br π
2
1

   V = br π
3

32
 

  
Spherical Segment 

 

S = 2 ( )22 c+4bπ
4
1

=br  π   V = ( ) ( )222 4b+3cb π
24
1

=b-3rb π
3
1

 

  
Spherical Zone 

 

S = 2 brπ       V = ( )223 4b+3c+3ab π
24
1

 

  
Circular Ring 

 
S = 4 Rrπ2     V = 2 23Rrπ  

S = Lateral or Convex Surface   V = Volume  
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A.5   Surface and Volume of Solids 
(Continued) 

  
Ungula of Right, Regular Cylinder 

 
 Base = Segment, b a b  Base = Half Circle 

S = (2 r m-o x arc, b a b) 
o-r

h
  S = 2rh 

V = 
o-r

h
b a barea,×o-m

3
2 3 






   V = 

3
2

r2 h 

 Base = Segment, c a c  Base = Circle 

S = (2 r n + p x arc, c a c) 
p+r

h
  S = r π  h 

V = 
p+r

h
cacarea,×p+n

3
2 3 






   V = 

2
1

r2 π h 

  
Ellipsoid 

V = π
3
1

r a b 

  
Paraboloid 

V = π
2
1

r2h 

Ratio of corresponding volumes of a Cone, Paraboloid, Sphere, and Cylinder of equal height: 

1:
3
2:

2
1:

3
1

 

  
Bodies Generated by Partial or Complete Revolution 

} axis of planein  and side oneon  1-1 axisan about  rotating  plane a of area=A
curve a oflength =l  

r = distance of center of gravity of line or plane from axis 1-1 and for any angle of revolution, a° 

360

a° r π 2
 = length of arc described by center of gravity. 

S = length of curve x length of arc about axis = l 
360

a° r π 2
  

 For complete revolution, S = 2r π l 

V = area of plane x length of arc about axis = A 
360

a° r π 2
 

 For complete revolution, V = 2 r π A 

S = Lateral or Convex Surface   V = Volume 
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A.6   Methods of Estimating Area of Fillets, Aprons and Approaches 
 
 

ESTIMATING AREA 90° APRON 

 

T = R Tan 
2
α   

 
 
 
 
 
 

ESTIMATING FILLETS & RETURN 
FILLET AREA 

  Area A = 2 x 
2

1
 x R x R Tan 

2
α  - πR2 

360°
α  

   = R2 




 − )αx008727.0(
2
αTan   

L = (2R + W) – 2X Cos α  = 
R

Y-R  

 
X = 2RY  - Y2  A = Area 
 
A = (2R + W)Y + X(R-Y) – 0.01745 α2R  

  Area 90° Fillet = 0.2146 x R2 
Length of Return 

 L = 2 π R x 
360°
α  

    = 0.01745 x R x α  

Length of 90° Return 
 
 L = 1.5708 x R 

 
 
 
 

A = Area   

A = XY - [
o360

αRπ 2  - 
2
1  x (R – Y) ]  

= XY + 
2

Y)-X(R  - 0.08727 R2α  

 
 
 
 
 
 
 
 
 
 
 

 

ESTIMATING AREA APRON OTHER THAN 90° ESTIMATING AREA APPROACH OTHER THAN 90° 

   1α  = 180° - 2α  

    L = (R2 – R1) Tan 2α  

Area A = 
2

)LR+(R 21  - 0.008727(R 2
1 1α +R 2

2 2α ) 

Cos 1α  =
1

1

R
Y-R

  Cos 2α  = 
2

2

R
Y-R

 

X1 = 2
1 Y-Y2R  X2 = 2

2 Y-Y2R  

L1 = (R2 – R1) Tan β  L = L1 – (X1 + X2) 
A = LY 

A1 = X1 Y + 
( )

2
Y-RX 11  - 0.008727R 2

1 1α  

A2 = X2Y + 
2

Y)-(RX 22  - 0.008727R 2
2 2α  

NOTES: 

   π  = 3.1416  
180
π

 = 0.01745 

   1.5708=
2
π

  0.008727=
360
π
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A.7   Conversion Factors – Length Measurements 

Units Inches Feet Yards Rods Miles Meters 
1 Inch 1 0.08333 0.027778 0.005051 0.0000157828 0.0254 

1 Foot 12 1 0.3333 0.060606 0.00018939 0.304801 

1 Yard 36 3 1 0.181818 0.000568182 0.914402 

1 Rod (Surveyor’s Measure) 198 16.5 5.5 1 0.003125 5.029216 

1 Mile (U.S. Statute) 63360 5280 1760 320 1 1609.347 

1 Meter 39.37 3.280833 1.093611 0.198838 0.00062137 1 

1 Link 7.92 0.66 0.22 0.04 0.000125 0.201168 

1 Chain (Surveyor’s) 792 66 22 4 0.0125 20.117 

1 Station 1200 100 33.33 6.060606 0.0189394 30.4801 

1 Furlong 7920 660 220 40 0.125 201.168 

1 Mile (International Nautical) 72913 6076.103 2025.366 368.248 1.15078 1852 

1 Millimeter 0.03937 0.003281 0.001094 0.000199   0.001 

1 Centimeter 0.3937 0.032808 0.010936 0.001988   0.01 

1 Kilometer   3280.833 1093.611 198.836 0.621370 1000 

 
 
 

A.8   Conversion Factors – Area Measurements 

Units Square 
Inches 

Square 
Feet 

Square 
Yards 

Square 
Rods Acres Square 

Miles 
Square 
Meters 

1 Sq. Inch 1 0.006944 0.0007716 — — — 0.00064516 

1 Sq. Foot 144 1 0.11111 0.0036731 — — 0.09290341 

1 Sq. Yard 1296 9 1 0.033058 0.0002066 — 0.8361307 

1 Sq. Rod 39204 272.25 30.25 1 0.00625 — 25.29295 

1 Acre — 43560 4840 160 1 0.0015625 4046.873 

1 Sq. Mile — — 3097600 102400 640 1 2589998 

1 Sq. Meter 1550 10.76387 1.195985 0.0395367 0.0002471 — 1 

1 Sq. Link 62.7264 0.4356 0.0484 0.0016 0.00001 — 0.040468 

1 Sq. Chain 627264 4356 484 16 0.1 — 404.689 

1 Square 14400 100 11.1111 0.367309 0.0022956 — 9.29034 

1 Section — — 3097600 102400 640 1 2589998 

1 Sq. Centimeter 0.1549997 0.0010764 0.0001196 — — — 0.0001 

1 Hectare — 107638.7 11959.85 395.367 2.471044 0.003861 10000 

1 Sq. Kilometer — — 1195985 39536.7 247.1044 0.3861006 1000000 
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A.9   Conversion Factors – Volume Measurements 

Units Cubic 
Inches 

Cubic 
Feet 

Cubic 
Yards 

Pints 
(Liquid) 

Quarts 
(Liquid) 

Gallons 
(U.S.) 

Liters 
(1000 cc) 

1 Cubic Inch 1 0.000579 0.0000214 0.034632 0.017316 0.004329 0.016387 
1 Cubic Foot 1728 1 0.037037 59.844 29.922 7.4805 28.31625 
1 Cubic Yard 46656 27 1 1615.8 807.9 201.975 764.54 
1 Pint (Liquid) 28.875 0.016710 0.000619 1 0.5 0.125 0.473168 
1 Quart (Liquid) 57.75 0.033420 0.001238 2 1 0.25 0.946333 
1 Gallon (U.S.) 231 0.1336805 0.004951 8 4 1 3.78533 
1 Liter (100 cc) 61.025 0.035316 0.001308 2.11336 1.056682 0.264178 1 
1 Gil 7.21876 0.004177 0.000155 0.25 0.125 0.03125 0.118292 
1 Pint (Dry) 33.6003 0.019445 0.000720 1.163647 0.581823 0.145456 0.550599 
1 Quart (Dry) 67.200625 0.038889 0.001440 2.32730 1.163646 0.290912 1.10120 
1 Quart (Imperial) 69.35503 0.040135 0.001486 2.4019 1.200953 0.300238 1.13650 
1 Gallon (Imperial) 277.4201 0.16054 0.0059457 9.60762 4.80381 1.20095 4.54609 
1 Peck 537.605 0.311114 0.011523 18.61835 9.309177 2.327294 8.809586 
1 Bushel (U.S.) 2150.42 1.2444 0.046089 74.47341 37.23670 9.3092 35.238329 
1 Board Foot 144 0.08333 0.003086 4.987012 2.493506 0.623376 2.3597 
1 Cord 221184 128 4.74074 7660.051 3830.025 957.506 3624.48 
1 Petroleum Barrel 9701.975 5.614569 0.207947 336 168 42 158.9839 
1 Barrel (U.S. 
Li id)

7276.370 4.21086 0.15596 252 126 31.5 119.237895 
1 Cubic Meter 61023.38 35.314445 1.307943 2113.4 1056.7 264.176 1000 
1 Cubic Centimeter 0.061024 0.0000353 — 0.002113 0.001057 0.0002642 0.001 

 
 
 

A.10   Conversion Factors – Weight Measurements 

Units Ounces Pounds Tons 
(Short) 

Tons 
(Long) Kilograms Tons 

(Metric) 
1 Ounce 1 0.0625 — — 0.028349 — 
1 Pound 16 1 0.0005 0.0004464 0.4535924 0.00045359 
1 Ton (Short) 32000 2000 1 0.892857 907.18486 0.907185 
1 Ton (Long) 35840 2240 1.12 1 1016.047 1.016047 
1 Kilogram 35.27396 2.204622 0.0011023 0.0009842 1 0.001 
1 Ton (Metric) 35273.96 2204.62 1.10231 0.98421 1000 1 
1 Hundredweight (Short) 1600 100 0.05 0.044643 45.3592 0.045359 
1 Hundredweight (Long) 1792 112 0.056 0.05 50.8023 0.050802 
1 Grain 0.0022857 — — — — — 
1 Gram 0.0352739 0.002204 — — 0.001 — 
1 Milligram — — — — 0.000001 — 
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A.11   Conversion Table – Inches to Decimals of a Foot 

Inch 0 1″ 2″ 3″ 4″ 5″ 
0 0 0.0833 0.1667 0.2500 0.3333 0.4167 

1/32 0.0026 0.0859 0.1693 0.2526 0.3359 0.4193 

1/16 0.0052 0.0885 0.1719 0.2552 0.3385 0.4219 

3/32 0.0078 0.0911 0.1745 0.2573 0.3411 0.4245 

1/8 0.0104 0.0938 0.1771 0.2604 0.3438 0.4271 

5/32 0.0130 0.0964 0.1797 0.2630 0.3464 0.4297 

3/16 0.0156 0.0990 0.1823 0.2656 0.3490 0.4323 

7/32 0.0182 0.1016 0.1849 0.2682 0.3516 0.4349 

1/4 0.0208 0.1042 0.1875 0.2708 0.3542 0.4375 

9/32 0.0234 0.1068 0.1901 0.2734 0.3568 0.4401 

5/16 0.0260 0.1094 0.1927 0.2760 0.3594 0.4427 

11/32 0.0288 0.1120 0.1953 0.2786 0.3620 0.4453 

3/8 0.0313 0.1146 0.1979 0.2812 0.3646 0.4479 

13/32 0.0339 0.1172 0.2005 0.2839 0.3672 0.4505 

7/16 0.0365 0.1198 0.2031 0.2865 0.3698 0.4531 

13/32 0.0391 0.1224 0.2057 0.2891 0.3724 0.4557 

1/2 0.0417 0.1250 0.2083 0.2917 0.3750 0.4583 

17/32 0.0443 0.1276 0.2109 0.2943 0.3778 0.4609 

9/16 0.0469 0.1302 0.2135 0.2969 0.3802 0.4635 

19/32 0.0495 0.1328 0.2161 0.2995 0.3828 0.4661 

5/8 0.0521 0.1354 0.2188 0.3021 0.3854 0.4688 

21/32 0.0547 0.1380 0.2214 0.3047 0.3880 0.4714 

11/16 0.0573 0.1406 0.2240 0.3073 0.3906 0.4740 

23/32 0.0599 0.1432 0.2266 0.3099 0.3932 0.4766 

3/4 0.0625 0.1458 0.2292 0.3125 0.3958 0.4792 

25/32 0.0651 0.1484 0.2318 0.3151 0.3984 0.4818 

13/16 0.0677 0.1510 0.2344 0.3177 0.4010 0.4844 

27/32 0.0703 0.1536 0.2370 0.3203 0.4036 0.4870 

7/8 0.0729 0.1563 0.2396 0.3229 0.4063 0.4896 

29/32 0.0755 0.1589 0.2422 0.3255 0.4089 0.4922 

15/16 0.0781 0.1615 0.2448 0.3281 0.4115 0.4948 

31/32 0.0807 0.1641 0.2474 0.3307 0.4141 0.4974 
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A.11   Conversion Table – Inches to Decimals of a Foot 

Inch 6″ 7″ 8″ 9″ 10″ 11″ 
0 0.5000 0.5833 0.6667 0.7500 0.8333 0.9167 

1/32 0.5026 0.5859 0.6693 0.7526 0.8359 0.9193 
1/16 0.5052 0.5885 0.6719 0.7552 0.8385 0.9219 
3/32 0.5078 0.5911 0.6745 0.7578 0.8411 0.9245 
1/8 0.5104 0.5938 0.6771 0.7604 0.8438 0.9271 

5/32 0.5130 0.5964 0.6797 0.7630 0.8464 0.9297 
3/16 0.5156 0.5990 0.6823 0.7656 0.8490 0.9323 
7/32 0.5182 0.6016 0.6849 0.7682 0.8516 0.9349 
1/4 0.5208 0.6042 0.6875 0.7708 0.8542 0.9375 

9/32 0.5234 0.6068 0.6901 0.7734 0.8568 0.9401 
5/16 0.5260 0.6094 0.6927 0.7760 0.8594 0.9427 

11/32 0.5286 0.6120 0.6953 0.7786 0.8620 0.9453 
3/8 0.5313 0.6146 0.6979 0.7813 0.8646 0.9479 

13/32 0.5339 0.6172 0.7005 0.7839 0.8672 0.9505 
7/16 0.5365 0.6198 0.7031 0.7865 0.8698 0.9531 

13/32 0.5391 0.6224 0.7057 0.7891 0.8724 0.9557 
1/2 0.5417 0.6250 0.7083 0.7917 0.8750 0.9583 

17/32 0.5443 0.6276 0.7109 0.7943 0.8776 0.9609 
9/16 0.5469 0.6302 0.7135 0.7969 0.8802 0.9635 

19/32 0.5495 0.6328 0.7161 0.7995 0.8828 0.9661 
5/8 0.5521 0.6354 0.7188 0.8021 0.8854 0.9688 

21/32 0.5547 0.6380 0.7214 0.8047 0.8880 0.9714 
11/16 0.5573 0.6406 0.7240 0.8073 0.8906 0.9740 
23/32 0.5599 0.6432 0.7266 0.8099 0.8932 0.9766 

3/4 0.5625 0.6458 0.7292 0.8125 0.8958 0.9792 
25/32 0.5651 0.6484 0.7318 0.8151 0.8984 0.9818 
13/16 0.5677 0.6510 0.7344 0.8177 0.9010 0.9844 
27/32 0.5703 0.6536 0.7370 0.8209 0.9036 0.9870 

7/8 0.5729 0.6563 0.7396 0.8229 0.9063 0.9896 
29/32 0.5755 0.6589 0.7422 0.8255 0.9089 0.9922 
15/16 0.5701 0.6615 0.7448 0.8281 0.9115 0.9948 
31/32 0.5807 0.6641 0.7474 0.8307 0.9141 0.9974 
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A.12   Conversion Factors – Miscellaneous 

Multiply By To Obtain 

Pounds per foot 1.48816 Kilograms per meter 

Pounds per square foot 4.88241 Kilograms per square meter 

Pounds per square inch 0.07031 Kilograms per square cm 

Pounds per square inch 0.0007031 Kilograms per square mm 

Pounds per cubic foot 16.0184 Kilograms per cubic meter 

Radians 57.29578 Degrees, angular 

Horsepower 550 Ft-Lbs per second 

Horsepower 2544 B.T.U.’s per hour 

Horsepower 745.5 Watts 

B.T.U. 251.98 Calories, gram 

B.T.U 777.98 Ft-Lbs 

Feet per second 0.68182 Miles per hour 

Miles per hour 88 Feet per minute 

Miles per hour 1.46667 Feet per second 

Pounds 444822 Dynes 

Kilograms 980665 Dynes 

Atmosphere 1.0333 Kilograms per square cm 

Atmosphere 14.697 Pounds per square inch 

Atmosphere 29.921 Inches of mercury (0°C at sea level) 

Atmosphere 0.76 Meters of mercury (0°C at sea level) 

Atmosphere 33.9 Feet of water (4°C at sea level) 

Pounds of water per minute 0.016021 Cubic feet per minute 

Cubic feet per minute 0.12468 Gallons per second 

Fathoms 6 Feet 

Degrees per foot 0.00057261 Radians per centimeter 

Centimeters of mercury (at 20°C) 5.34 Inches of water (at 20°C) 
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A.13   Bituminous Concrete – Coverage Per Ton 

 
Lane Length (feet) Covered By 1 Ton of Bituminous Concrete Lane Width 

(Feet) ½″ ¾″ 1″ 1½″ 2″ 2½″ 3″ 

8 41.6 27.8 20.9 13.9 10.4 8.4 6.9 

9 37.0 24.7 18.6 12.3 9.2 7.4 6.2 

10 33.3 22.2 16.7 11.1 8.3 6.7 5.6 

11 30.3 20.2 15.2 10.1 7.5 6.1 5.1 

12 27.8 18.5 13.9 9.2 6.9 5.6 4.6 

Note:  Thicknesses shown above are compacted thicknesses. 
 
 
 
 
 
 

A.14  Asphalt Specific Gravity and Weight Per Gallon 

 

Pounds Per Gallon of Asphalt 
Specific 
Gravity 

60°F 200°F 250°F 300°F 325°F 350°F 

0.990 8.245 7.852 7.717 7.586 7.522 7.458 

1.000 8.328 7.931 7.795 7.663 7.598 7.533 

1.010 8.412 8.011 7.874 7.740 7.674 7.609 

1.020 8.495 8.090 7.951 7.816 7.750 7.684 

1.030 8.578 8.169 8.029 7.893 7.826 7.759 

1.040 8.661 8.248 8.107 7.969 7.901 7.934 
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A.15   Quantities Per Mile 

Cement 
Width 8′ 9′ 10′ 12′ 14′ 16′ 18′ 20′ 22′ 24′ 

Square Yard 
Per Mile 4693 5280 5867 7040 8213 9387 10,560 11,734 12,907 14,080 

Tons 
Per Mile Tons Tons Tons Tons Tons Tons Tons Tons Tons Tons 

Plant Mix 
80 lbs/yd2 187.72 211.20 234.68 281.60 328.52 375.48 422.40 469.36 516.28 563.20 

Plant Mix 
90 lbs/yd2 211.18 237.60 264.15 316.80 369.58 422.41 475.35 528.03 580.81 633.60 

Plant Mix 
100 lbs/yd2 234.65 264.00 293.35 352.00 410.65 469.35 528.00 586.70 645.35 704.00 

Plant Mix  
110 lbs/yd2 258.12 290.40 322.68 387.20 451.71 516.28 580.80 645.37 709.88 774.40 

Plant Mix  
120 lbs/yd2 281.58 316.80 352.02 422.40 492.78 563.22 633.60 704.04 774.42 844.80 

Plant Mix  
140 lbs/yd2 323.51 369.60 410.69 492.80 574.91 657.09 739.20 821.38 903.49 985.60 

Plant Mix  
160 lbs/yd2 375.44 422.40 469.36 563.20 657.04 750.96 844.80 938.72 1032.56 1126.40 

Plant Mix  
180 lbs/yd2 422.37 475.20 528.03 633.60 739.17 844.83 950.40 1056.06 1161.63 1267.20 

Plant Mix  
200 lbs/yd2 469.30 528.00 586.70 704.00 821.30 938.70 1056.00 1173.40 1290.70 1408.00 

Plant Mix  
220 lbs/yd2 516.23 580.80 645.37 774.40 903.43 1032.57 1161.60 1290.74 1419.77 1548.80 

Plant Mix  
440 lbs/yd2 1032.46 1161.60 1290.74 1548.80 1806.86 2065.14 2323.20 2581.48 2839.54 3097.60 
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A.16   Square Yards of Road Surface for Various Road Widths 

Road 
Width 

Per Lineal 
Foot 

Per 100 
Feet Per Mile 

Road 
Width 

Per Lineal 
Foot 

Per 100 
Feet Per Mile 

6′ 0.67 66.67 3,520 24′ 2.67 266.67 14,080 

7′ 0.78 77.78 4,107 25′ 2.78 277.78 14,667 

8′ 0.89 88.89 4,693 26′ 2.89 288.89 15,253 

9′ 1.00 100.00 5,280 28′ 3.11 311.11 16,427 

10′ 1.11 111.11 5,867 30′ 3.33 333.33 17,600 

11′ 1.22 122.22 6,453 32′ 3.56 355.56 18,773 

12′ 1.33 133.33 7,040 34′ 3.78 377.78 19,947 

13′ 1.44 144.44 7,627 36′ 4.00 400.00 21,120 

14′ 1.56 155.56 8,213 38′ 4.22 422.22 22,293 

15′ 1.67 166.67 8,800 40′ 4.44 444.44 23,467 

16′ 1.78 177.78 9,387 50′ 5.56 555.56 29,333 

17′ 1.89 188.89 9,973 60′ 6.67 666.67 35,200 

18′ 2.00 200.00 10,560 70′ 7.78 777.78 41,067 

20′ 2.22 222.22 11,733 75′ 8.33 833.33 44,000 

22′ 2.44 244.44 12,907 80′ 8.89 888.89 46,933 

 
 
 
 
 

A.17   Linear Feet Covered Based on Tank Capacity and Width and Rate of Application 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 To compute the number of linear feet which will be covered by a tank of any capacity, for
various widths and rates of application, use the following formula: 
 

RW
9C

  L =  

 
Where: 
 
 L = Number of linear feet which will be covered. 
 C = Capacity of tank in gallons (or quantity of asphalt in tank). 
 R = Rate of application in gallons per square yard. 
 W = Width of application in feet. 
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A.18   Density and Viscosity of Water at Various Temperatures 

Temperature 
°C °F 

Density 
gm/ml 

Density 
lbs/cu ft 

Viscosity in 
Centipoises 

-10.0 14.00 0.99815 62.3128 2.6000 

-5.0 23.00 0.99930 62.3846 2.1300 

0.0 32.00 0.99987 62.4201 1.7921 

4.0 39.20 1.00000 62.4283 1.5674 

5.0 41.00 0.99999 62.4276 1.5188 

10.0 50.00 0.99973 62.4114 1.3077 

15.0 59.00 0.99913 62.3739 1.1404 

20.0 68.00 0.99823 62.3178 1.0050 

20.2 68.36 0.99819 62.3153 1.0000 

25.0 77.00 0.99707 62.2453 0.8937 

30.0 86.00 0.99567 62.1579 0.8007 

35.0 95.00 0.99406 62.0574 0.7225 

40.0 104.00 0.99224 61.9438 0.6560 

45.0 113.00 0.99025 61.8196 0.5988 

50.0 122.00 0.98807 61.6835 0.5494 

55.0 131.00 0.98573 61.5374 0.5064 

60.0 140.00 0.98324 61.3820 0.4688 

65.0 149.00 0.98059 61.2165 0.4355 

70.0 158.00 0.97781 61.0430 0.4061 

75.0 167.00 0.97489 60.8607 0.3799 

80.0 176.00 0.97183 60.6697 0.3565 

85.0 185.00 0.96865 60.4711 0.3355 

90.0 194.00 0.96534 60.2645 0.3165 

95.0 203.00 0.96192 60.0510 0.2994 

100.0 212.00 0.95838 59.8300 0.2838 
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A.19   Quantities for Various Depths of Cylindrical Tanks in Horizontal Position 

% Depth 
Filled 

% of 
Capacity 

% Depth 
Filled 

% of  
Capacity 

% Depth 
Filled 

% of 
Capacity 

% Depth 
Filled 

% of 
Capacity 

  1   0.20 26 20.73 51 51.27 76 81.50 
  2   0.50 27 21.86 52 52.54 77 82.60 
  3   0.90 28 23.00 53 53.81 78 83.68 
  4   1.34 29 24.07 54 55.08 79 84.74 
  5   1.87 30 25.31 55 56.34 80 85.77 
  6   2.45 31 26.48 56 57.60 81 86.77 
  7   3.07 32 27.66 57 58.86 82 87.76 
  8   3.74 33 28.84 58 60.11 83 88.73 
  9   4.45 34 30.03 59 61.36 84 89.68 
10   5.20 35 31.19 60 62.61 85 90.60 
11   5.98 36 32.44 61 63.86 86 91.50 
12   6.80 37 33.66 62 65.10 87 92.36 
13   7.64 38 34.90 63 66.34 88 93.20 
14   8.50 39 36.14 64 67.56 89 94.02 
15   9.40 40 37.39 65 68.81 90 94.80 
16 10.32 41 38.64 66 69.97 91 95.55 
17 11.27 42 39.89 67 71.16 92 96.26 
18 12.24 43 41.14 68 72.34 93 96.93 
19 13.23 44 42.40 69 73.52 94 97.55 
20 14.23 45 43.66 70 74.69 95 98.13 
21 15.26 46 44.92 71 75.93 96 98.66 
22 16.32 47 46.19 72 77.00 97 99.10 
23 17.40 48 47.45 73 78.14 98 99.50 
24 18.50 49 48.73 74 79.27 99 99.80 
25 19.61 50 50.00 75 80.39   

Full capacity of tank in U.S. gallons = 
231

L×D×0.7854 2

 

Note: The formula for direct computation of quantity when tank is less than half full is shown below.  When more than half 
full, compute the full capacity of the tank as noted above; consider the shaded portion to represent the unfilled portion 
at the top of the tank and compute its volume as indicated below; then, deduct the volume determined for the unfilled 
portion from the total volume of the tank to arrive at the volume of the filled portion 

First, compute 
R

h-R=
R
d=θcos  whereθ  

Then A = ( )h-Rθsin  R-
180
θπR2  

( )

231

h-Rsinθ R-
180
θπRL

VAnd

2







=  

 
Where   A = Cross section area of filled portion of tank in sq. in. 
 V = Volume of filled portion of tank in U.S. gallons 
 L = Length of interior of tank in inches 
 D = Diameter of interior of tank in inches 
 R = Radius of interior of tank in inches 
 h = Depth of liquid in inches 
 d = R – h, inches 
Note: The volume occupied by any piping, fittings or other material inside the tank must be deducted from the 

volume computed by use the table or formula. 
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A.20  Sample Pile-Hammer Specifications 
 

Energy Range from 19,500 to 60,000 ft-lb. 
 

Rated 
Energy 
Ft-Lb 

Mfgr. Type Model 
Speed, 
Blows 

Per Min 

Weight of 
Striking 
Part-Lb. 

Stroke at 
Rated 

Energy 

Inlet-
Hose 

Size-In. 

Total 
Weight 

Lb. 

60,000 McK-T Sgl.-Act. 
Stm.-Air S-20 60 20,000 36″ 3 38,650 

60,000 Vulcan Sgl.-Act. 
Stm.-Air 020 60 20,000 36″ 3 39,000 

50,000 Vulcan Dbl.-Act. 
Stm.-Air 200C 98 20,000 15½ ″ 4 39,050 

42,000 Vulcan Sgl.-Act. 
Stm.-Air 014 60 14,000 36″ 3 27,500 

39,700 Delmag Sgl.-Act. 
Diesel D-22 48-52 4,850 Not 

Listed   10,054 

37,500 McK-T Sgl.-Act. 
Stm.-Air S-14 60 14,000 32″ 3 31,700 

36,000 Vulcan Dbl.-Act. 
Stm.-Air 140C 103 14,000 15½ ″ 3 27,984 

32,500 McK-T Sgl.-Act. 
Stm.-Air S-10 55 10,000 39″ 2½ ″ 22,380 

32,500 Vulcan Sgl.-Act. 
Stm.-Air 010 50 10,000 39″ 2½″ 18,750 

32,000 McK-T Sgl.-Act. 
Diesel DE-40 48-52 4,000 8′ Prac. 

Max.   9,900 

30,000 Link Belt Dbl.-Act. 
Diesel 520 80-84 5,070 43.17″   12,545 

26,000 McK-T Sgl.-Act. 
Stm.-Air. S-8 55 8,000 39″ 2½″ 18,300 

26,000 McK-T Dbl.-Act. 
Stm.-Air C-8 77-85 8,000 20″ 2½″ 18,750 

26,000 Vulcan Sgl.-Act. 
Stm.-Air C-8 50 8,000 29″ 2½″ 16,750 

24,450 Vulcan Dbl.-Act. 
Stm.-Air 30C 111 8,000 16½″ 2½″ 17,885 

22,500 Delmag Sgl.-Act. 
Diesel D-12 48-52 2,750 Not 

Listed   5,440 

22,400 McK-T Sgl.-Act. 
Diesel DE-30 48-52 2,800 8′ Prac. 

Max.   8,125 

19,500 Vulcan Sgl.-Act. 
Stm.-Air 06 60 6,500 36″ 2 11,200 
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A.21   List of WVDOH Contract Administration Forms 
Form Number Form Description 
403 Subcontracting Request 
409 Voucher Estimate (PRS) 
410 Non-Participating Statement (PRS) 
416 Contract Completion Report (PRS) 
420 Contractors Performance Report (PRS) 
422 Pile Driving Data and Log 
423 Pile Driving Summary 
427 Record of Contract 
429 Starting Notice (PRS) 
441 Weekly Suppliers Report 
442 Inspectors Daily Report 
442AGG Aggregate 
442ASP Asphalt Pavement 
442TK Bituminous Tack or Prime 
442DKR1 Class 1 Deck Removal 
442DKR2 Class 2 Deck Removal 
442GR Guardrail 
442FAS High Strength Fasteners 
442A Supplemental Data 
442 Inspectors Daily Report 
442LX2 Latex (Checklist) 
442LX1 Latex 
442LME1 LME Daily Report 
442LME2 LME Equipment 
442LME3 LME Labor 
442LLV Load Limit Violation 
442PMK Pavement Markings 
442CUL Pipe Culvert 
442REB Reinforcing Steel 
442FEN Right-of-Way Fence 
442RCT Rotational Capacity Test 
442ROT Rotomill 
442INL Slot Inlet 
442DRN Small Drainage Structures 
442SDR Supervisors Daily Project Report 
442SUR Surface Treatment 
442TR Traffic Control 
442NUT Turn of Nut Verification 
445 Request for Approval of Waste or Borrow Site 
453 Inspectors Daily Utilities Report 
454 Contractor’s Proposed Source of Materials 
455 Supplemental Agreement Change Order (PRS) 
456 Force Account Work Order – Change Order (PRS) 
458 Working Time Report (PRS) 
467 Final Inspection Report (PRS) 
472C Evaluation of Project Progress 
481 FHWA Correction Action Reply 
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