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Appendix A. Properties of Gases and Vapors

TABLE A.1  Properties of Dry Air at Atmospheric Pressure

Symbols and Units:

K = absolute temperature, degrees Kelvin
deg C = temperature, degrees Celsius
deg F = temperature, degrees Fahrenheit

r = density, kg/m3

cp = speciÞc heat capacity, kJ/kgáK
cp/cv = speciÞc heat capacity ratio, dimensionless

m = viscosity, Nás/m2 ´ 106 (For Nás/m2 (= kg/más) multiply tabulated values by 10Ð6)
k = thermal conductivity, W/mák ´ 103 (For W/máK multiply tabulated values by 10Ð3)

Pr = Prandtl number, dimensionless
h = enthalpy, kJ/kg

Vs = sound velocity, m/s
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TABLE A.1  (continued) Properties of Dry Air at Atmospheric Pressure
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TABLE A.2  Ideal Gas Properties of Nitrogen, Oxygen, and Carbon Dioxide

Symbols and Units:

T = absolute temperature, degrees Kelvin
= enthalpy, kJ/kmol
= internal energy, kJ/kmol
= absolute entropy at standard reference pressure, kJ/kmol K
= enthalpy of formation per mole at standard state = 0 kJ/kmol]

Part a. Ideal Gas Properties of Nitrogen, N2

Source: Adapted from M.J. Moran and H.N. Shapiro, Fundamentals of Engineering Thermodynamics, 3rd. ed., Wiley, 
New York, 1995, as presented in K. Wark. Thermodynamics, 4th ed., McGraw-Hill, New York, 1983, based on the 
JANAF Thermochemical Tables, NSRDS-NBS-37, 1971.
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TABLE A.2  (continued) Ideal Gas Properties of Nitrogen, Oxygen, and Carbon Dioxide
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Part b. Ideal Gas Properties of Oxygen, O2

TABLE A.2  (continued) Ideal Gas Properties of Nitrogen, Oxygen, and Carbon Dioxide
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TABLE A.2  (continued) Ideal Gas Properties of Nitrogen, Oxygen, and Carbon Dioxide
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Part c. Ideal Gas Properties of Carbon Dioxide, CO2

TABLE A.2  (continued) Ideal Gas Properties of Nitrogen, Oxygen, and Carbon Dioxide
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TABLE A.2  (continued) Ideal Gas Properties of Nitrogen, Oxygen, and Carbon Dioxide
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TABLE A.3 Psychrometric Table: Properties of Moist Air at 101 325 N/m2

Symbols and Units:

Ps = pressure of water vapor at saturation, N/m2

Ws = humidity ratio at saturation, mass of water vapor associated with unit mass of dry air

Va = speciÞc volume of dry air, m3/kg

Vs = speciÞc volume of saturated mixture, m3/kg dry air

= speciÞc enthalpy of dry air, kJ/kg

hs = speciÞc enthalpy of saturated mixture, kJ/kg dry air
ss = speciÞc entropy of saturated mixture, J/Kákg dry air

ha
a
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TABLE A.4 Water Vapor at Low Pressures: Perfect Gas Behavior pv/T = R = 0.461 51 kJ/kgáK

Symbols and Units:

t = thermodynamic temperature, deg C
T = thermodynamic temperature, K

pv = RT, kJ/kg
uo = speciÞc internal energy at zero pressure, kJ/kg
ho = speciÞc enthalpy at zero pressure, kJ/kg

sl = speciÞc entropy of semiperfect vapor at 0.1 MN/m2, kJ/kgáK

yl = speciÞc Helmholtz free energy of semiperfect vapor at 0.1 MN/m2, kJ/kg

yl = speciÞc Helmholtz free energy of semiperfect vapor at 0.1 MN/m2, kJ/kg

zl = speciÞc Gibbs free energy of semiperfect vapor at 0.1 MN/m2, kJ/kg

pr = relative pressure, pressure of semiperfect vapor at zero entropy, TN/m2

vr = relative speciÞc volume, speciÞc volume of semiperfect vapor at zero entropy, mm3/kg
cpo = speciÞc heat capacity at constant pressure for zero pressure, kJ/kgáK
cvo = speciÞc heat capacity at constant volume for zero pressure, kJ/kgáK

k = cpo/cvo = isentropic exponent, Ð(¶logp/¶logv)s
© 1999 by CRC Press LLC
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TABLE A.5  Properties of Saturated Water and Steam

Part a. Temperature Table
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TABLE A.5  (continued) Properties of Saturated Water and Steam
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Part b. Pressure Table

Source: Adapted from M.J. Moran and H.N. Shapiro, Fundamentals of Engineering Thermodynamics, 3rd. ed., Wiley, New 
York, 1995, as extracted from J.H. Keenan, F.G. Keyes, P.G. Hill, and J.G. Moore, Steam Tables, Wiley, New York, 1969.

TABLE A.5  (continued) Properties of Saturated Water and Steam
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TABLE A.6  Properties of Superheated Steam

Symbols and Units:

T = temperature, °C h = enthalpy, kJ/kg
Tsat = Saturation temperature, °C S = entropy, kJ/kgáK

n = SpeciÞc volume, m3/kg p = pressure, bar and mPa
u = internal energy, kJ/kg
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TABLE A.6  (continued) Properties of Superheated Steam

Symbols and Units:

T = temperature, °C h = enthalpy, kJ/kg
Tsat = Saturation temperature, °C S = entropy, kJ/kgáK

n = SpeciÞc volume, m3/kg p = pressure, bar and mPa
u = internal energy, kJ/kg
© 1999 by CRC Press LLC
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TABLE A.6  (continued) Properties of Superheated Steam

Symbols and Units:

T = temperature, °C h = enthalpy, kJ/kg
Tsat = Saturation temperature, °C S = entropy, kJ/kgáK

n = SpeciÞc volume, m3/kg p = pressure, bar and mPa
u = internal energy, kJ/kg
© 1999 by CRC Press LLC
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TABLE A.7  Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including Fuels and 
Refrigerants, English and Metric Units

Note: The properties of pure gases are given at 25°C (77°F, 298 K) and atmospheric pressure (except as stated).
© 1999 by CRC Press LLC
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
© 1999 by CRC Press LLC
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
© 1999 by CRC Press LLC
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
© 1999 by CRC Press LLC
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
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TABLE A.7  (continued) Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including 
Fuels and Refrigerants, English and Metric Units
© 1999 by CRC Press LLC
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TABLE A.8  Ideal Gas Properties of Air

Part a. SI Units
© 1999 by CRC Press LLC
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TABLE A.8  (continued) Ideal Gas Properties of Air
© 1999 by CRC Press LLC
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TABLE A.8 (continued) Ideal Gas Properties of Air

Part b. English Units
© 1999 by CRC Press LLC
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Source: Adapted from M.J. Moran and H.N. Shapiro, Fundamentals of Engineering Thermodynamics, 3rd. ed., Wiley, New 
York, 1995, as based on J.H. Keenan and J. Kaye, Gas Tables, Wiley, New York, 1945.

TABLE A.8 (continued) Ideal Gas Properties of Air
© 1999 by CRC Press LLC
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ards, 1986. Data for butane, ethane, and propane from 
etroleum ReÞner, Vol. 28, No. 2, 1949, pp. 113Ð116.
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TABLE A.9 Equations for Gas Properties

Source: Adapted from J.B. Jones and R.E. Dugan, Engineering Thermodynamics, Prentice-Hall, Englewood Cliffs, NJ 1996 fr
3rd ed., published by the American Chemical Society and the American Institute of Physics for the National Bureau of Stand
K.A. Kobe and E.G. Long, ÒThermochemistry for the Petrochemical Industry, Part II Ñ ParafÞnic Hydrocarbons, C1ÐC16Ó P



Properties of Liquids B-35
Appendix B. Properties of Liquids

TABLE B.1 Properties of Liquid Water*

Symbols and Units:

r = density, lbm/ft3. For g/cm3 multiply by 0.016018. For kg/m3 multiply by 16.018.
cp = speciÞc heat, Btu/lbmádeg R = cal/gáK. For J/kgáK multiply by 4186.8
m = viscosity. For lbfásec/ft2 = slugs/secáft, multiply by 10Ð7. For lbmásecáft multiply by 10Ð7 and by

32.174. For g/secácm (poises) multiply by 10Ð7 and by 478.80. For Násec/m2 multiply by 10Ð7 and
by 478.880.

k = thermal conductivity, Btu/hráftádeg R. For W/máK multiply by 1.7307.

B
Appendix B

Properties of Liquids
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TABLE B.2 Physical and Thermal Properties of Common Liquids

Part a. SI Units
(At 1.0 Atm Pressure (0.101 325 MN/m2), 300 K, except as noted.)
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TABLE B.2 (continued) Physical and Thermal Properties of Common Liquids

Part b. English Units
(At 1.0 Atm Pressure 77°F (25°C), except as noted.)
For viscosity in Nás/m2 (=kg más), multiply values in centipoises by 0.001. For surface tension in N/m,
multiply values in dyne/cm by 0.001.
© 1999 by CRC Press LLC
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Appendix C. Properties of Solids

TABLE C.1 Properties of Common Solids*

C
Appendix C

Properties of Solids
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TABLE C.2 Density of Various Solids:* Approximate Density of Solids at Ordinary Atmospheric Temperature

Note: In the case of substances with voids, such as paper or leather, the bulk density is indicated rather than the density of 
the solid portion. For density in kg/m3, multiply values in g/cm3 by 1,000.
© 1999 by CRC Press LLC
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TABLE C.3 SpeciÞc Stiffness of Metals, Alloys, and Certain Non-Metallics*
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* pper 10°K, cond. = 196; gold 10°K, cond. = 28.2; iron 

*
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ABLE C.4 Thermal Properties of Pure MetalsÑMetric Units

Temperatures of maximum thermal conductivity (conductivity values in watts/cm °C): Aluminum 13°K, cond. = 71.5; co
20°K, cond. = 9.97; platinum 8°K, cond. = 12.9; silver 7°K, cond. = 193; tungsten 8°K, cond. = 85.3.

* To convert to SI units note that l cal = 4.186 J.
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BLE C.5  Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and Uses of Comm
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LE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, an
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ABLE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and U
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ABLE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and U
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ABLE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and U
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ABLE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and U
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ABLE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and U



P
roperties of Solid

s
C

-49

©

T ses of Common Materials 
 1999 by CRC Press LLC

ABLE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and U
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ABLE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and U
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ABLE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and U
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ABLE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and U
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ABLE C.5  (continued) Mechanical Properties of Metals and Alloys:* Typical Composition, Properties, and U
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TABLE C.6  Miscellaneous Properties of Metals and Alloys

Part a. Pure Metals
At Room Temperature
© 1999 by CRC Press LLC
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TABLE C.6  Miscellaneous Properties of Metals and Alloys

Part b. Commercial Metals and Alloys
© 1999 by CRC Press LLC
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TABLE C.7  Composition and Melting Points of Binary Eutectic Alloys:* Binary Alloys and Solid Solutions 
of Metallic Components
© 1999 by CRC Press LLC
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TABLE C.7  (continued) Composition and Melting Points of Binary Eutectic Alloys:* Binary Alloys and 
Solid Solutions of Metallic Components
© 1999 by CRC Press LLC
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TABLE C.8 Melting Points of Mixtures of Metals**

TABLE C.7  (continued) Composition and Melting Points of Binary Eutectic Alloys:* Binary Alloys and 
Solid Solutions of Metallic Components
© 1999 by CRC Press LLC
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TABLE C.9  Trade Names, Composition, and Manufacturers of Various Plastics
© 1999 by CRC Press LLC
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TABLE C.9  (continued) Trade Names, Composition, and Manufacturers of Various Plastics
© 1999 by CRC Press LLC
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TABLE C.10 Properties of Commercial Nylon Resins*

For Conversion factors see Table C.10.
© 1999 by CRC Press LLC
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TABLE C.11  Properties of Silicate Glasses*
© 1999 by CRC Press LLC
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  Corning Glass Works code numbers are used in this table.

TABLE C.11  (continued) Properties of Silicate Glasses*
© 1999 by CRC Press LLC



Properties of Solids C-65
TABLE C.11  (continued) Properties of Silicate Glasses*
© 1999 by CRC Press LLC
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TABLE C.12 Properties of Window Glass*: Transmittance of Sheet and Plate Glass
© 1999 by CRC Press LLC
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TABLE C.13  Properties and Uses of American Woods*
© 1999 by CRC Press LLC
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TABLE C.13  (continued) Properties and Uses of American Woods*
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Note: For weight-density in kg/m3, multiply value in lb/ft3 by 16.02.

TABLE C.13  (continued) Properties and Uses of American Woods*
© 1999 by CRC Press LLC
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TABLE C.14 Properties of Natural Fibers*

Because there are great variations within a given Þber class, average properties may be misleading. The following
typical values are only a rough comparative guide.
© 1999 by CRC Press LLC
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TABLE C.15 Properties of Manufactured Fibers*
© 1999 by CRC Press LLC
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TABLE C.16  Properties of Rubbers and Elastomers*
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TABLE C.16  (continued) Properties of Rubbers and Elastomers*
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Appendix D. Gases and Vapors

TABLE D.1 SI Units Ñ DeÞnitions, Abbreviations and PreÞxes

D
Appendix D
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Appendix E. Miscellaneous 

TABLE E.1 Sizes and Allowable Unit Stresses for Softwood Lumber

American Softwood Lumber Standard. A voluntary standard for softwood lumber has been developing since 1922.
Five editions of SimpliÞed Practice Recommendation R16 were issued from 1924Ð53 by the Department of Commerce;
the present NBS voluntary Product Standard PS 20-70, ÒAmerican Softwood Lumber StandardÓ, was issued in 1970. It
was supported by the American Lumber Standards Committee, which functions through a widely representative National
Grading Rule Committee.

Part a. Nominal and Minimum-Dressed Sizes of Lumber*

Note: This table applies to boards, dimensional lumber, and timbers. The thicknesses apply to all widths and all widths 
to all thicknesses.

E
Appendix E
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TABLE E.1 (continued) Sizes and Allowable Unit Stresses for Softwood Lumber

The ÒAmerican Softwood Lumber StandardÓ, PS 20-70, gives the size and grade provisions for American Standard lumber
and describes the organization and procedures for compliance enforcement and review. It lists commercial name
classiÞcations and complete deÞnitions of terms and abbreviations.
Eleven softwood species are listed in PS 20-70, viz., cedar, cypress, Þr, hemlock, juniper, larch, pine, redwood, spruce,

tamarack, and yew. Five dimensional tables show the standard dressed (surface planed) sizes for almost all types of lumber,
including matched tongue-and-grooved and shiplapped ßooring, decking, siding, etc. Dry or seasoned lumber must have
19% or less moisture content, with an allowance for shrinkage of 0.7Ð1.0% for each four points of moisture content below
the maximum. Green lumber has more than 19% moisture. Table A illustrates the relation between nominal size and dressed
or green sizes.
National Design SpeciÞcation. Part b is condensed from the 1971 edition of ÒNational Design SpeciÞcation for Stress-
Grade Lumber and Its Fastenings,Ó as recommended and published by the National Forest Products Association, Washington,
D.C. This speciÞcation was Þrst issued by the National Lumber Manufacturers Association in 1944; subsequent editions
have been issued as recommended by the Technical Advisory Committee. The 1971 edition is a 65-page bulletin with a
20-page supplement giving ÒAllowable Unit Stresses, Structural Lumber,Ó from which Part b has been condensed. The data
on working stresses in this Supplement have been determined in accordance with the corresponding ASTM Standards,
D245-70 and D2555-70. 

Part b. Species, Sizes, Allowable Stresses, and Modulus of Elasticity of Lumber

Normal loading conditions: Moisture content not over 19%, No. 1 grade, visual grading. To convert psi to N/m2, multiply

by 6 895.
© 1999 by CRC Press LLC
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TABLE E.1 (continued) Sizes and Allowable Unit Stresses for Softwood Lumber
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TABLE E.2 Standard Grades of Bolts

Part a: SAE Grades for Steel Bolts
© 1999 by CRC Press LLC
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TABLE E.2 (continued) Standard Grades of Bolts

Part b: ASTM Grades for Steel Bolts
© 1999 by CRC Press LLC
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Part c: Metric Mechanical Property Classes for Steel Bolts, Screws, and Studs

TABLE E.2 (continued) Standard Grades of Bolts
© 1999 by CRC Press LLC
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TABLE E.3 Steel Pipe Sizes
© 1999 by CRC Press LLC
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TABLE E.4  Commercial Copper Tubing*
© 1999 by CRC Press LLC
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TABLE E.4  (continued) Commercial Copper Tubing*
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TABLE E.5 Standard Gages for Wire, Sheet, and Twist Drills

Dimensions in approximate decimals of an inch.
© 1999 by CRC Press LLC
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 E.6 Properties of Typical Gaseous and Liquid Commercial Fuels*

r heating value in J/kg, multiply the value in Btu/lbm by 2324. For density in kg/m3, multiply the value in lb/ft3
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TABLE E.7 Combustion Data for Hydrocarbons*

Note: For heating value in J/kg, multiply the value in Btu/lbm by 2324. For ßame speed in m/s, multiply the value in ft/s 
by 0.3048.
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