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WEB CHAPTER W4

Design Loads and Design Philosophy

W4.1 Some Load Tables and Figures from ASCE Standard 7-98

The loads for which a particular building must be designed are usually stipulated by an applicable
building code. Where such a code is nonexistent, use of the ASCE Standard 7: Minimum design
Loads for Buildings and Other Structures is recommended. For ease of reference, the following

tables and figures from the ASCE 7-98 are reproduced in this section [ASCE, 2000].

ASCES Table 1-1:  Classification of Buildings and Other Structures for Flood, Wind,
Snow and Earthquake Loads

ASCES Table C3-1: Minimum Design Dead Loads

ASCES Table C3-2: Minimum Densities for Dcsign Loads for Materials

ASCES Tablc 4-1:  Minimum Uniformly Distributed Live Loads, L, and Minimum
Concentrated Live Loads

ASCES Table 4-2:  Live Load Element Factor, K, |

ASCES Figure 6-1:  Basic wind speed.

ASCES Table 6-1:  Importance Factor, / (Wind Loads)



ASCES Table 6-5:

ASCES Table 6-6:

ASCES Figure 6-3:

ASCES Table 6-7:

ASCES Figure 7-1:

ASCES Table 7-2:

ASCES Table 7-3:

ASCES Table 7-4:

ASCES Figure 7-2:

ASCES Figure 7-5:

W4.2 Velocity Pressure

W4-2
Velocity pressure Exposure Coefficients, K, and K,
Wind Directionality Factor, K,
Main wind force resisting system.
Internal Pressure Coefficients for Buildings, GC,
Ground snow loads, p, for the United States.
Exposurc Factor, C,
Thermal Factor, C,
Importancc Factor, / (Snow Loads)
Graphs for determining roof slope factor C; for warm and cold
roofs.

Balanced and unbalanced snow loads for hip and gable roofs.

W4.2.1 Stagnation Pressure

In accordance with Bemnoulli's equation for streamline flow of fluids, when a column of air

strikes normal to an immovable body, the increase in static pressure on the object, also known as

the stagnation pressure, equals the decrease in kinetic energy. Thus

v (W4.2.1)
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where ¢, is the stagnation pressure, w is the weight in pounds per cubic foot of the fluid, g is the
acceleration due to gravity (= 32.2 fi/sec’) and v, is the velocity of the fluid in ft/sec. For the so
called standard atmosphere, with a temperature of 59°F, at a sea level pressure of 29.92 inches of
mercury, the weight of air is 0.0765 pcf. Also, v, = (52807,)/3600 where ¥/, is the wind velocity

in miles per hour. If these substitutions are made in the above equation:

q, = 0.00256 V* (W4.2.2)

where ¥, is wind speed in mph and g, is the stagnation pressure in psf, acting on a {lat surface
that is perpendicular to the wind direction. Thus, it is seen that a wind speed of 88 mph converts

to a wind pressure, ¢, of 20 psf, and a wind speed of 100 mph corresponds to 25.6 psf.

W4.2.2 Velocity Pressure Exposure Coefficient, K,

Wind velocity increases with height because the friction of the carth's surface reduces velocity
near the ground. The effect of friction becomes progressively smaller with distance from the
ground. At heights high enough for the wind to be virtually independent of surface friction, the
wind moves freely under the influence of the pressure gradient and attains the so called gradient
velocity, V,. The height at which this occurs is known as the gradient height, z,. The layer of
air below the gradient height is known as the houndary layer. The characteristics of the wind in
the boundary layer are thosc which are of concern to engineers in the calculation of wind loading

on structurcs.
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The variation of wind velocity with height can be expressed, for a given exposure e, by a simple

power law formula of the form [Davenport, 1968]:

v Vo
R [ i) %e for z<z, (W4.2.3)
V z
g ge
= 1 for z2 zZ,
where z = height above ground
V. = wind speed at height z in exposure e
Zpe = gradient height for exposure e
Ve = gradient wind speed (i.e., wind specd at height z,,)
o, = coefficient depending on ground roughness of exposure e
TABLE W4.2.1: Wind Exposure Constants (Adapted from Table 6.4 of the ASCES)

The values of gradient height z,, and the exponential coefficient o, depend on the ground surface
roughness. The roughness is a function of the spacing, size, and height of structures, trees,
vegetation, etc. on the ground. It is a minimum over large bodies of water and a maximum over
centers of large cities. The ASCE Standard divides the ground roughness into four categories,
namely, Exposures A, B, C and D. Values of parametcrs z,, and &, are given in Table W4.2.1,

and velocity profiles for Exposures A, B, C and D are schematically shown in Fig. W4.2.1. They
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are based on the classical work of Davcnport [1968]. Guidelines for selecting the appropriate

exposure categories are given below:

Exposure A
Large city centers with at least 50% of the buildings having a height in cxcess of 70 ft.
Because wind speceds are lowest in downtown areas, the standard imposes certain
restrictions on the use of these lower velocity pressures. Thus, use of this exposure
category is limited to those areas for which terrain representative of exposure A prevails
in the upwind direction for a distance of at least one-half mile or 10 times the height of

building whichever is greater.

Exposure B
Urban and suburban areas, wooded areas, and other terrain with numerous closely spaced
obstructions having the size of single family dwellings or larger. Use of this exposure
category is limited to those areas for which terrain representative of Exposure B prevails
in the upwind direction for a distance of at least 1500 ft or 10 times the height of the

building or structure, whichever is greater.

Exposure C
Open terrain with scattered obstructions having heights generally less than 30 ft. This
category includes {lat open country, grass lands, and shorelines in hurricane prone

regions. This exposure category should be used whencver terrain does not fit the
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description of other exposure categories. Also, use of this exposure category is
mandatory for determining wind pressures on components and cladding of buildings with

a mean roof height of less than 60 ft.

Exposure D
Flat, unobstructed areas exposed to wind flowing over open water (excluding shorelines
in hurricane prone regions) for a distance of at least 1 mile. Shorelines in Exposure D
include inland waterways, the Great Lakes, and coastal areas of California, Oregon,
Washington and Alaska. This exposure shall be used only for those buildings and other
structures exposed to wind coming from over the water. Exposure D extends inland from
the shoreline a distance of 1500 ft or 10 times the height of the building or structure,

whichever 1s greater.

Figure W4.2.1: Variation of wind speed with height and terrain.

As the surface friction (roughness) increases, the gradient height also increases. Thus, in a
particular weather situation, the gradient level will be at progressively higher elevations going
from open country and suburban locations to a ncarby downtown location (W4.2.1). Buildings
and structures are requircd to be designed to resist wind from any direction, and the exposure

category applicable to each wind direction should be used.
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The basic wind speed valucs, ¥, provided in the standard ( Fig. 6.1 of the ASCES ) are for flat,

open country terrain typical of Exposure C terrain at z = 33 ft. As the gradient wind speed, V,, is

the same at all four gradient levels considered in the standard, the power law affords a method of

adjusting design wind speeds from the open country conditions (Exposure C) to the other

exposure conditions. We have from Eq. W4.2.3:

: 1
v Zec | ec (W4.2.4)
¢ 33 o
and
1 , )= 1
v. = v | 2% = p| e | L] (W4.2.5)
£l z 33 z
ge ge
where V= basic wind speed from contour map (wind speed at z = 33 ft above ground level in
Exposure C)

V, = gradient wind speed

V. = design wind speed at height z and given exposure e (= A, B, C, or D)

z = height above ground

.c = gradient height for Exposure C

S

z,, = gradient height for exposure e
@, = power law coefficient for exposure ¢
a. = power law coefficient for Exposure C

Using Egs. W4.2.2 and W4.2.5, and noting that the gradient height for Exposure C (from Tablc

W4.2.1) is 900 ft, , the velocity pressure for any height (z) and exposure (e) may be expressed as:



W4-8

2 2
g - 000256 V2 = 0.00256 (ﬂ) 5 [i] w| pr2
. - 33 z
ge

Or,

g. = 0.00256K.V* (W4.2.6)
where K. is known as the velocity pressure exposure coefficient and is given by:

2 2z 2
K - | 200055 2% - g01] 2| (W4.2.7)
- 33 Z o Z,,

Values of K, are tabulated in the ASCE Standard to 500 ft above ground, for Exposure categories

A, B, C,and D.

TABLE W4.2.1: Wind Exposure Constants

Exposure o z,, (ft)
e &
[ e ]|
A 5.0 1500
B 7.0 1200
C 9.5 900
D 11.5 700

(Adapted from ASCE Standards, ASCE 7-98, Minimum Design Loads for Buildings and Other

Structures. Copyright 2002 ASCE. Reproduced by permission of the publisher, ASCE.

www.pubs.asce.org.)
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W4.3 Earthquake Loads, E

Material will be added later.

W4.4 Probabilistic Basis for LRFD

Load and resistance factor design (LRFD) is that design philosophy in which the structure is
proportioned such that the probability of excceding a limit state is held to an acceptably small
value. It recognizes that neither the external loads acting on a structure nor the resistance are

deterministic but are random in character. The probabilistic design format used by Galambos
and Ravindra [1976] to devclop the LRFD criteria for steel structures is due to Cornell [1969]

and Lind [1971]. The format is explained briefly in the following.

Structural safety is a function of the resistance, R, of the structure and of the load effect, 0, acting
on it. R and Q arc statistically random variables. The frequency distributions for () and R are
shown in Fig. W4.4.1a as separate curves on a common plot for a hypothetical structure. As long
as the resistance R is greater than (to the right of) the effects of the loads O, a margin of safety for
the particular limit state exists. However, because O and R are random variables, there is some
small probability that the resistance R may be less than the load cffect O (i.e., R < (J). This
limit state probability is rclated to the degree of overlap of the frequency distributions (shaded
area in Fig. W4.4.1a). This area depends on the relative positioning of (R,, vs 0,) and their

dispersions. Here, R, and Q,, are the mcan values of the variables R and ), respectively.
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Figure W4.4.1: Definitions of structural safety in LRFD.

An equivalent representation of structural safety is shown in Fig. W4.4.15. If the expression R <
O is divided by Q and the result expressed logarithmically, the result will be a single distribution
curve combining the uncertainties of both R and Q. The probability of attaining a limit state (R <
Q) is equal to the probability that In(R /Q) < In(1) = 0 and is represented by the shaded area in
the diagram. The smaller this area is, the more reliable is the structure. In this case the

probability of failure (a given limit statc being reached) is

P, = P 1n(5] <0 (W4.4.1)
Q
If we introduce the standard variate, U, defined by
In(R/ - [In(R/0Q)
_ In@®/Q) - [InR/Q)], (Wa42)
Ola(rig)
in which [ln (R/Q )}m and 0 (Rig) AT€ the mean and standard deviation of the distribution of the

natural logarithm of the ratio (R /(). The variable In(R/Q) is a normally distributed variable. For
this reason U is a normally distributed variable as well, having a mcan value of 0 and a standard

deviation of 1 (i.e., U, =0 and g,=1). The expression for the probability of failure from Eq.

n

W4.4.1, becomes:

P, = Plnrig) < 0] = P _ /0,
0ln(R/Q)

S U <
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 @/Q),

- F,[-B] (W4.4.3)
O i)

U

Here F, is the cumulative distribution function of the normalized variable U. The quantity

[In(R/Q) ],/ O (rioy = B (W4.4.4)

defines the reliability of the structure under consideration. The coefficient frepresents the
number of standard deviations that the mean value of In ( R AQ) is located from the origin. Now,
the farther away the mean of In ( R /Q) is from the origin (i.e., the larger the value of §), the
smaller will be the probability of failure. Hence, theoretically one can make P, as small as is
desired, by making £ larger, although it can never be equal to zero. This indicatcs that there 1s
always some probability that the structure will fail. Hence, fis called the safety index or
reliability index. For any given distribution In (R/Q), the larger fis, the smaller is the
probability of exceeding a limit statc. The relationship between the safety index £ and the
probability of failure P, on the assumption that Q and R are distributcd normally, is given in

Table W4.4.1.

TABLE W4.4.1: Probability of Failure as a Function of Safety Index

After some lengthy transformations and simplifications, Eq.W4.4.4 yields [Galambos and

Ravindra, 1976; Lind, 1971]:



or

where R,

Qn
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0.55 BV

n

R {Qm V55870 0 (W4.4.5q)

¢R, = YO, (W4.4.5p)

nominal or theoretical value of the resistance R
nominal value of the load O

mean value of the resistance R

mean valuc of the load O

coefficient of variation of the resistance R
coefficient of variation of the load Q0

safcty index

resistance factor

load factor

The objective of a good design specification is to ensure that the probability (risk) of failure is

comparable with other risks an occupant of the building designed using the specification, has to

face in a modern socicty. That is, a level too high means unsafe design, whereas a level too low

means over design and waste. The model briefly described above, is known as a First-Order

Second-Moment (FOSM) Probabilistic Model, where only the first two moments (mean and
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standard deviation) of the random variables are used to develop the statistical properties of

resistance, load, and structural safety.

The load combinations and load factors were developed by Ellingwood et al. [1982]. The target
reliability indices, £, underlying the load factors are: 3.0 for combinations with gravity loads
only (dcad, live, rain, and snow loads), 2.5 for combinations with wind included, and 1.75 for
combinations with earthquake loads (see Table W4.4.1 for the corresponding probabilities of

failure).

The target value for the safety index fused in LRFDS is 3 for all members (tension members,
beams, columns, and beam-columns), while a higher value of 4.5 is used for connections. From
Table W4.4.1, we observe that the probability of reaching a limit state is, therefore, much smaller
for connections than the members, translating the design philosophy in existence over the last 80
years; that the connections should be stronger than the members that they connect. The basis of

determining ¢ has been described by Galambos and Ravindra [1976].

TABLE W4.4.2: Typical Resistance Factors

References
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TABLE W4.4.1: Probability of Failure as a Function of Safety Index
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1.0 2.0 3.0 4.0

5.0

1.58 x 10! 227107 1.35x10° 3.16x107° | 2.86 x 107

[ = safety index; P, = probability of failure

TABLE W4.4.2: Typical Resistance Factors

Application

1.00

Slip resistant bolt shear values, standard holes; web local yielding under
concentrated loads

0.90

Yielding in the gross section of tension members; bending strength of
beams; shear strength of webs of beams; base metal in grove welds; shear
yielding or tension yielding of the connecting elements; flange local
bending; web compression buckling; web panel-zone shear

0.85

Column strength in flexural buckling and flexural torsional buckling; axial
strength of composite columns: steel area; flexural strength of composite
beams; web sidesway buckling

0.80

Shear on effective area of complete-joint-penetration grove welds; tension
normal to effective arca of partial-joint-penetration grove welds

0.75

Fracture in the net section of tension members; pin connected members in
tension or shear; fillet welds: shear on cffective throat area; plug and slot
welds shear parallel to faying surface; partial-joint-penetration grove
welds: shear parallel to axis of weld; tension, shear, or combined shear
and tension on bolts: tension rupture of the connection elements; block
shear rupture strength; bearing strength of bolts; bearing of pins, rollers
and rockers; web crippling

0.70

(.60

o e e —————— |

Slip resistance for bolts in long-slotted holes when holes are parallel to
the direction of load

Bearing on concrete foundations; slip resistance for bolts in long-slotted
holes when holes are transverse to the direction of load




TABLE 1-1. Classification of Buildings and Other Structures for Flood, Wind, Snow, and
Earthquake Loads

Nature of Occupancy Category
Buildings and other structures that represent a fow hazard to human life in the event of failure including, |
but not limited to:
* Agricultural facilitics
 Certain temporary facilities
« Minor storage facilitics
All buildings and other structures except thos¢ listed in Categories I, IIT and IV 11
Buildings and other structures that represent a substantial hazard (o human life in the event of failure m
including, but not limited to:
¢ Buildings and other structures where more than 300 people congregate in one area
* Buildings and other structures with day-care facilities with capacity greater than 150
¢ Buildings and other structures with elementary or secondary school facilities with capacity greater
than 150
* Buildings and other structures with a capacity greater than 500 for colleges or adult education
facilities
¢ Health care facilities with a capacity of 50 or more resident paticnts but not having surgery or
emergency treatment facilities
* Jails and detention facilities
* Power generating stations and other public utility facilities not included in Category 1V
Buildings and other structures containing sufficient quantities of toxic, explosive or other hazardous
substances to be dangerous to the public if released including, but not limited to:
+ Petrochemical facilities
« Fuel storage facilities
* Manulacturing or storage facilities for hazardous chemicals
» Manufacturing or storage facilitics for cxplosives
Buildings and other structures that are equipped with secondary containment of toxic. explosive or other v

hazardous substances (including, but not limited to double wail tank, dike of sufficient size to
contain a spill. or other means to contain a spill or a blast within the property boundary of the
facility and prevent release of harmful quantities of contaminants to the air, soil. ground watcr, or
surface water) or atmosphere (where appropriate) shall be eligible for classification as a Category 11
structure.

In hurricane prone regions, buildings and other structures thal contain toxic, explosive, or other
hazardous substances and do not qualify as Category IV structures shall be eligible tor classification
as Category IT structures for wind loads if these structures are operated in accordance with
mandatory procedures that are acceptable to the authority having jurisdiction and which effectively
diminish the cffects of wind on critical structural elements or which alternatively protect against
harmful releases during and after hurricancs.

Buildings and other structures designated as essential facilities including, but not limited to:

* Hospitals and other health care facilities having surgery or emergency treatment facilities

¢ Fire. rescue and police stations and emergency vehicle garages

* Designated earthquake. hurricane, or other emergency shelters

+ Communications centers and other fucilities required for emergency response

* Power generating stations and other public utility facilities required in an emergency
Ancillary structures (including, but not limited to communication towers, tuel storage tanks, cooling
towers, clectrical substation structures, fire water storage tanks or other structures housing or
supporting water or other fire-suppression material or equipment) required for operation of Category
IV structures during an emergency
Aviation control towers, air traffic control centers and emergency aircraft hangars
* Water storage facilitics and pump structures required to maintain water pressure for fire suppression
* Buildings and other structures having critical national defense functions

ASCES Table 1-1

From ASCE Standards, ASCE 7-98, Minimum Design Loads for Buildings and
Other Structures. Copyright 2002 ASCE. Reproduced by permission of the
publisher, ASCE. www.pubs.asce.org.




TABLE €3-1. Minimum Design Dead Loads* (English Units)

Load Luud Component toad
Component (pst) Companent (psi (psfy
CEILINGS FLOOR FILL Clay brick wythes:
Acoustical Fiber Board 1 Cinder conerete, per inch 9 41 Ah
Gypsum board (per mm thichness) 0.55 Lightweight concrete, per inch 3 ¥in. T
Mechanical duct allowunee 4 Sand, per inch 8 12 in. 118
Pluster on Gile or conerere 5 Stone conerete, per inch 12 16 10, i858
Plaster an wood lath ¥ FLOORS AND FLOOR FINISHES
Suspended steel chunnet sysiem 2 Asphalt block (2-in}, [/2-10, rortar 300 Hollow concrete musonry unit
wylhes:
Suspended meral Lith and cemnent plaster 13 Cement finish (1-in on stone-concrete fill 32 Wythe thickness (i tnches) 4 s b 1 12
Suspended metal lath und gypsum plaster 10 Ceramic or quarry Lile (3/4-in.) on 1/2-in. 16 Density of unit {16.49 kN/m')
mortar bed
Wood turring suspension systein 25 Ceramic or quarry tile (3/4-in.) on 1-in. 22 No growt 2224 3 37 43
mirtar hed
COVERINGS, ROOL AND WALL Concrete Rl {inish (per inch thickness) 12 48" v, 29 3% 47 53
Ashesros-cement shingles 4 Hardwood flooring. 7/7-in. 4 40" e grout 39 40 49 57
Asphilt shingles 2 Linoleum or asphalt tle, 1/4-1n. 1 32" ac spacing 3242 a2 61
Cement tile 16 Marble und mertur on stone-concrete Hll 33 24" o Mode 37 67
Clay tile (for mortar add 10 psf) Slate (per mm thickness) 15 16" o.c. 40 33 6h TG
Rook tile. 2-in. 12 Solid fat tile on 1-in. mortar buse 23 tull grout 35 75 s 113
Book tile. 3-in. 20 Subflooring. 3/4-in. 3
Ludowicy 10 Terrazzo (1-1/2-in.) dircetly on slab 19 Density of unit (125 pefy
Roman 12 Terrazzo {1-in.} on stone-concrete fill 32 No grour 26 2% 34 44 0
Spansh 19 Terrazzo {1-in.3, 2-hn stone concrele 32 4R o 3% 44 54 02
Cumposition: Wood block (3-1n.) on mastic, no fill 10 40" v, grout EE I ST 65
Three-ply ready rooting I Wood block (3-tn.y an 1/2-in. martar base L] 32" o.c. spacing 36 47 sk 6%
Four-ply fell and gravel 5.5 FLOORS, WOOD-JOIST (NO PLASTER) 247 o, 39 5] 63 75
Five-ply felt und gravel 4 DOUBLE WOOD FLOOR 16" o, 459 73 87
Copper or (in | 12-in, 16-in. 24-in. Full Grour SeORE 102 123
Corrugated asbestos-cement roofing 4 Joist size<  spacing spacing  spacing Density of Unit {2121 KN/’
Deck, metal. 20 gage 25 [B5iWE b Iy b Ne groud 290 3 3 3 54
Deck. metal. 18 gage 3 z 6 3 s LR 47 57 6f
Decking. 2-in. wood (Douglas fir 5 2 8 @ s 40" o, grout MWoas Ay 04
Decking, 3-in. (Douglas fin 8 2 7 6 [ 327 v.e. spacing x50 a2 72
Fiberboard. 172 in. 0.75 2 8 7 [ 24 0. 1567 7R
Gypsum sheathing, 12-in. 2 FRAME PARTITIONS 6" o, 46 6l 76 90
Insulation, root hoards (per in. thickness) Movable steel partitions 4 Full grout 02 83 S 127
Cellular giass 0.7 Woud ur steel studs, 1/2-in. gypsum board ¥
cach side
Fibrous glass 11 Wood studs, 2 % 4. vnplastered 4
Fiberhoard LS Wood studs, 2 5 4, plastered one side 12 Selid conerele masonry unit wythes
(incl. concrete brick):
Perlite 0.8 Wood studs, 2 x4, plastered two sides 20 Wythe thickness (1 mmn) 4 [CH 10 12
Palystyrene foam 0.2 FRAME WALLS Density of unil (LOS pegh 32 51 6u 37 10a
Trethane foan: with skin .5 Exterior stud walls: Densiry of unit {123 pets o0 &K1LHO2 124
Plywood (per 1i&-in. thickngss) 04 2 4 @ 16-in., 5/8-m. gypsum. insulared, 1 Density of enit (135 pefs 41 64 &7 M0 133
3/8-in. siding
Rigid insulation, 1/2-in. 075 2 % 6 @ 16-in,, 5/8-in. gypsum, insulared, 12
3/8-in. siding
Skylight. metal frame, 3/8-in. wire plass 3 Exterior stud walls with brick vencer 48
Slate, 3/16-in. 7 Windows, glass. frame and sash B
Slate, 1/4-in. 10
Waterproofing membranes:
Bitwninous, gravel-covered 2.8
Bituminous. smooth surface 1.5
Liquid applied |
Single-ply. sheet 0.7
Wood sheathing (per . thickness 3
Wood shingles 3

“Weights of masonry inciude mortar but not plaster. For plaster. add 5 Ihift” for cuch face plastered. Values given represent averages. Tnosame cases thiere i i considetshle range ar weeight for

the same vonsiruc o,

ASCES Table C3-1

From ASCE Standards, ASCE 7-98, Minimum Design Loads for Buildings and
Other Structures. Copyright 2002 ASCE. Reproduced by permission of the

publisher, ASCE. www.pubs.asce.org.




TABLE C3-2. Minimum Densities for Design [.oads trom Materials (English Units)

Material

lLoad

(Ib/fth

Alummum
Bitmminouns products
Asphattum
Graphite
Perafin
Petroleum. crude
Petroleum. refinec
Petroleum. benzine
Petrolenm. zasolme
Pitch
Tar
Biruss
Brorze
Cast-sione masonty (cement, stone, sand)
Cement. portland. loose
Ceramic ule
Charcoal
Cinder fill
Cinders. dry. in bulk
Coal
Anthracite, piled
Biteminous. pited
Lignite, piled
Peat. dry. piled
Conecrete. plain
Cinder
Expanded-slag agg
Haydite (burned-cl:
Slag
Stone {including gravel)
Vermiculite and parlite aggregate. nonload-bearing

Other Yight cggreearte, Towd-bearing

Conerete. Remtoreed
Cimder
Slag
Stone (including gravel)
Copper
Cork. compressed
Earth {not submerged:
Clay. dry
Clay. damp
Clay and gravel. dry
Stlt. mast, Toose
Silt. moist, packed
Silt. Jowing
Send and gravel. dry. loose
Sand and gravel. dry. packed
Sund and gravel. wet
Earth (suomerged)
Clay
Soil
River mud

170
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63
110
100

78

108
100
110
120

R0
70
90

Marerial

Lead
Lime
Hydrated, Toose
Hydrated. compactec
Masonry. Ashler Stone
Granite
Limestone, crystalline
Limestone, onlitic
Marble
Sandstone
Masonry, Brick
Hard (low absurption)
Medium (medium absorptiorn)
Soft (high absorption)
Masonry, Concrete
Lightwerght units
Mediun weight units
Normal weight anits
Masonry Grout
Masonry, Rubble Stone
Granite
Limestone, crystalline
Limestone, oolitic
Marble
Sandstone
Mortar. cement or hine
Particleboard
Plvwood
Riprap (Not submerged)
Limcstone
Sandstone
Sand
Clean and dry
River. dry
Slag
Bank
Bank screenings
Muchine
Sand
Slate
Steel, cold-drawn
Stone. Quarried. Piled
Basalt, granite. gneiss
Limestone. marble, quartz
Sandstone
Shale
Greenstore, hormnblende
Terra Cotta, Architectural
Voids fiiled
Vouds anfilled
Tin
Water
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32
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497
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95
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107

120



TABLE (3-2. Minimum Densities for Design Loads from Materials (English Units) (Continued)

Load

Load
Materiaf (b/tt'y Material (Ib/tth

Sand or gravel 60 Fresh 62
Sand or gravel and clay 65 Sea o4

Glass 160 Wood, Seasoned
Gravel. dry 104 Ash, commercial white 41
Gypsuny, loose 70 Cypress, southern 34
Gypsum, wallboard 50 Fir. Douglas, coast region 34
Iee 57 Hem fir 28
Iron Ouak, commercial reds and whites 7
Cast 450 Pine. southern yellow 37
Wrought 480 Redwood 28
Spruce, red, white, and Stika 29
Western hemlock 32
Zing, rolled sheet 449

'"Tabulated values apply to solid masonry and to the solid portion of hollow masonry.

ASCES Table C3-2
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TABLE 4-1. Minimum Uniformly Distributed Live Loads, L, and Minimum Concentrated Live Loads

Oceupancy o Use

[IMiform
pst (kKN/m™)

Concentration
Ib iKkIN)

Apartments (see residential)
Access fleor systems
Office use
Computer nse
Armories and drill rooms
Assembly areas and theaters
Fixed seats (taslened to Hoor)
Lobbies
Movable scats
Pletforms (assembly)
Stege fAoors
Balconics (exterior)
On one- and two-family residences only, and not
exeeeding 100 17 (9.3 m?)
Bowling alleys, poolrooms and similar recreational arcas
Catwalks for maintenance access
Corridors
First fioor
Other floors, same as occupancy served except as
indicatad
Dance halls and ballrooms
Decks (patio and roof)
Same as area served, or for the type of occupancy
accommodated
Dining rooms and restaurants
Dwellings (see residential)
Elevator machine room grating [on area of 4 in.” (2,580 mm’}
Finish light floor plate construction {on arez of 1 in? (645 mm’)]
Fire escapes
Or. single-family dwellings only
Fixed Ladders
Garages (passenger cars only)
Trucks and buses
Grandstands (see stadium and arena bleachers)
Giymnasiums. main floors and balcomes
Handrails, guardrails and grab bars
Hospitals
Operating rooms, laboratories
Private rooms
Wards
Corriders above first floor
Hotels (see residential)
Librzries
Reading rcoms
Stack rooms
Corridors above first floor
Manufacturing
Light
Heavy
Marquees and Canopies
Office Buildings
File and computer rooms shall be designed for
heavier loads based on anticipated occupancy
Laobbies and first floor corridors
Offices
Corridors above first floor

50 (2.4
100 (4,79)
150 (7.18)

60 (2.37)
100 (4.79)
100 (4.79)
10U (4.79)
150 (7.18)
100 (4.79)
a0 (2.87)

75 (3.59)
40 (1.92)

100 (4.79)

100 (4.79)

100 (4.79)

100 (4.79)
40 (1.92)

50 (2.40)

100 (4.79)

60 (2.87)
40 (1.92)
40 (1.92)
80 (3.83)

60 (2.87)
150 (7.18)°
80 (3.83)

125 (6.00)
250 (11.97)
75 (3.59)

100 (4.79)
50 (2.40)
®() (3.83)

ASCES Table 4-1

2.000 (8.9)
2,000 (8.9)

300 (1.33)

300 (1.32)
200 (0.89)

See Section 4.4
]

See Section .4

1.000 (4,45}
1.000 (4.45)
1.000 (4.45)
1.000 (4.45)

1.000 (4.45)
1.000 (4.45)
1,000 (4.45)

2,000 (8.90)
3,000 (13.40)

2.000 (8.90)
2,000 (8.90)
2,000 (8.90)

From ASCE Standards, ASCE 7-98, Minimum Design Loads for Buildings and
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TABLE 4-1. Minimum Uniformly Distributed Live Loads, L, and Minimum Concentrated

Live Loads (Continued)

Occupancy or Use

Uniform
pst (KN/m’y

Concentration

b (kN3

Penal Institutions
Cell blocks
Corridors
Residential
Dwellings (one- and two-family)
Uninhabitable attics without storage
Uninhabitable attics with storage
Habitable attics and sleeping areas
All other areas except stairs and balconies
Hotels and multifamily houses
Private rooms and corridors serving them
Public reoms and corridors serving them
Reviewing stands. grandstands and bleachers
Roofs
Schools
Classrooms
Corridors above first foor
First floor corridors
Scuttles, skylight ribs, and accessible ceilings

Sidewalks, vehicular driveways, and yards. subject to

trucking
Stadiums and Arenas

Bleachers

Fixed Seats (fastened to floor)
Stairs and exitways

One- and two-family residences only
Storage arcas above ceilings

Storage warehouses (shall be designed for heavier loads

if required for anticipated storage)
Light
Heavy
Stores
Retail
First floor
Upper floors
Wholesale, all floors
Vehicle barriers

Walkways and elevated platforms (other than exitways)

Yards and terraces, pedestrians

40 (1.92)
100 (4.79)

10 (0.48)
20 (0.96)
30 (1.44)
40 (1.92)

40 (1.92)
100 (4.79)
100 (4.79)

40 (1.92)
80 (3.83)
100 (4.79)

250 (11.97)

100 (4.79)
60 (2.87)
100 (4.79)
40 (1.92)
20 (0.96)

125 (6.00)
250 (11.97)

100 (4.79)
73 (3.59)
125 (6.00)

60 (2.87)
100 (4.79)

See Section 4.4

See Sections 4.3 and 4.9

1,000 (4.45)
1,000 (4.45)
1,000 (4.45)
200 (9.58)
8.000 (35.60)

1.000 (4.45)
1.000 (4.45)
1.000 (4.45)

'Floors in garages or portions of building used for the storage of motor vehicles shall be designed for the uniformly distributed live loads of
Table 4-1 or the following concentrated load: {1} for passenger cars accommodating not more than ninc passengers, 2,000 Ib (8.90 kN) acting

on an area of 20 in.” (12.900 mm”); (2) mechanical parking structures without slab or deck, passenger car only. 1.500 [b (6.70 kN) per wheel.

‘Garages accommodating trucks and buses shall be designed in accordance with an approved method which contains provisions for truck and

bus loadings.

"The weight of hooks and shelving shall be computed using an assumed density of 63 Ib/ft’ (pounds per cubic foot, sometimes abbreviated pef)
(t0.21 kN/m’) and converted to a uniformly distributed load; this toad shall be used if it exceeds 150 1b/ft’ (7,18 kN/m’).

‘In addition to the vertical live loads, horizontal swaying forces parallel and normal to the length of seats shall be included in the destgn according

Lo the requirements o ANSI/NIPA 102 [3].

“Other uniform loads in accordance with an approved method which contains provisions for truck loadings shall also be considered where

appropriate.

“The concentrated wheel load shall be applied on an area of 20 in.” (12,900 mm®),

Minimum concentrated load on stair treads [on area of 4 in” (2,580 mm™] is 300 1b (1.33 kN).

ASCES Table 4-1
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TABLE 4-2. Live Load Element Factor, K,

Element K.
Interior columns 4
Exterior columns without cantilever slabs 4
Edge colunms with cantifever slabs 3

Corner columns with cantilever slabs
Edge beams without cantilever slabs
Interior beans

— = b2

All other members not identified above including:
Edge beums with cantilever slabs
Canulever beams
Two way slabs

Members without provisions for continuous shear transfer normal to their span

Tn lieu of the values above. K, is permitted o be caleulated.

ASCES Table 4-2
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Notes:

1. Values are nominal design 3-second gust wind speeds in miles per hour (m/s)
at 33 ft (10 m) above ground for Exposure C category.

2. Linear interpolation between wind contours is permitted.

3. Islands and coastal areas outside the last contour shall use the last wind speed
contour of the coastal area.

4. Mountainous terrain, gorges, ocean promontories, and special wind regions
shall be examined for unusual wind conditions.
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Importance Factor, I (Wind Loads) I
Table 6-1 |

Non-Ilurricane Prone Regions | Hurricane Prone Regions

Category and Hurricane Prone Regions with V > 100 mph

with V = 85-100 mph
and Alaska

I 0.87 0.77
11 1.00 1.00
Il 1.15 115
v 1.15 1.15

Note:

| The building and structure classification categorics are listed m Table 1-1.

ASCES Table 6-1
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Velocity Pressure Exposure Coetficients, Ky, and K, I

Table 6-3 |

Height above Exposure (Note 1)
ground level, z A B C D
ft (m) Case 1 Case 2 Case 1 Case 2 Cases 1 & 2| Cases 1 &2
| 0-15 ] (0-4.0) 0.68 [ 032 0790 0.57 0.85 1.03
20 (6.1) 0.68 0.36 0.70 0.02 0.90 1.08
251 (7.6) 0.68 039 0.70 ¢ 0.66 0.94 1.12
30 {9.1) 0.08 0.42 0.70 070 0.98 1.16
40 (12.2) 0.68 0.47 0.76 0.76 104 1.22
30 (13.2) 0.68 052 | 0.8 0.81 1.09 1.27
60 (18) 0.68 0.55 085 (.83 1.13 131
70 (21.3) 0.08 .59 .89 0.89 L.17 1.34
| 80 (24.4) 0.68 (.62 0.93 0.93 1.21 1.38
90 (27.4) 068 0.65 0.96 0.96 1.24 1.40
100 {30.5) 0.68 0.68 0.99 0.99 1.26 .43
120 | (36.6) 0.73 - 0.73 1.04 1.04 1.31 1.48
140 (42.7) 0.78 0.78 1.09 1.09 1.36 1.52
160 (48.8) 0.82 082 i.13 1.13 1.39 1.535
180 | (549 0.86 0.86 1.17 1.17 1.43 1.58
200 (61.0) 0.90 0.90 1.20 1.20 1.46 1.61
250 (76.2) 0.98 0.98 o 1.28 1.28 1.53 ) 1.68
300 (91.4) 1.05 1.05 1.35 1.35 1.59 1.73
350 | (106.7) i.12 112 1.41 141 | 1.64 1.78
| 400 | (121.9) 1.18 1.18 1.47 147 1.69 1.82
450 | (137.2) 1.24 1.24 .52 | 1.52 1.73 1.86
300 | (152.4) 1.29 1.29 1.56 1.56 1.77 1.89
Notes:
1. Case 1: a. All components and cladding.
b. Main wind force resisting system in low-risc buildings designed using Figure 6-4.
Case I a. All main wind force resisting systems in buildings except those in low-rise buildings
designed using Figure 6-4,
b All mam wind force resisting systems in other structures.
2. The veloeity pressure exposure coefficient K, may be determined from the following formula:
For15ft <z<z, Forz <t 15 ft.
K. =201 (zz,) " K, =201 (15/z,)""
Note: z shall not be taken less than 100 tect for Case 1 in exposure A or less than 30 feet for Case
1 1o exposure B.
3.« and 7, are tabulated in Table 6-4.
4 Linear mterpolatior tor intermediate values ol height z is acceptabie.
5. Exposure categories are defined in 6.5.0,

ASCES Table 6-5
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Wind Directionality Factor, K I

Table 6-6 |
Structure Type Directionality Factor K*
Buildings
Main Wind Force Resisting System 0.85
Components and Cladding 0.83
Arched Roofs 0.83
Chimneys, Tanks, and Similar
Structures
Square 0.90
Hexagonal 0.95
Round 0.95
Solid Signs 0.85
Open Signs and Lattice Framework (.85
Trussed Towers
Triangular, square, rectangular 0.85
All other cross sections .93

*Dircctionality Factor K has heen calibrated with combinations of
loads specified m Section 2. This factor shall only be applied when
used in comjunction with load combinastions specitied in 2.3 and 2.4.

ASCES Table 6-6
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Main Wind Force Resisting Syvstem All
Figure 6-3 I External Pressure Coefficients, CP
Enclosed, Partially Enclosed Buildings Walls & Roofs
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Main Wind Force Resisting System Allh
Figure 6-3 (con’t) [ External Pressure Coefficients, C, W & f
Enclosed, Partially Enclosed Buildings alls Roofs
Wall Pressure Coefficients, C;,
Surface L/B Cp Use With
Windward Wall All values 0.8 q,
0-1 -0.5
Lecward Wall 2 -0.3 Qs
>4 -0.2
Side Wall All values -0.7 qn
Roof Pressure Coefficients, C , for use with g,
Windward Leeward
Wind Angle, 0
Direction Angle, 0 (degrees) (degrees)
h/L 10 15 20 25 30 35 45 260# 10 15 | =2
0
-0.7 -0.5 -0.3 -0.2 -0.2 0.0*
Normal | <025 0.0 | 02 | 03 | 03| 04 | 04 |oo01p]P3| 05|06
to -09 -0.7 0.4 -0.3 -0.2 -0.2 0.0*
ridge for | 0.5 0.0 | 02 | 02| 03 | 04 |o0016]| 03] 03|06
82>10° -1.3%% ] -1.0 -0.7 -0.5 -0.3 -0.2 0.0*
>1.0 00* [ 02| 02 | 03 |ooip|P7]06]06
Horiz distance from C
Normal windward edge P | *Value is provided for interpolation purposes.
to 0 to h/2 -0.9
ridgefor | <0.5 |h2toh -0.9 **Value can be reduced linearly with area over
8<10 hto2h -0.5 which it is applicable as follows
and > 2h -0.3

Par?llel 0 to h/2 BRI Area (sq ft) Reduction Factor

to ridge | = 1.0 <100 (9.29 sq m) 1.0

for all © = hi9 07 200 (23.23 sq m) 0.9

- ' > 1000 (92.9 sq m) 0.8

Notes:

1. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively

2. Lincar interpolation is permitted for values of L/B, /L and 6 other than shown. Interpolation shall only
be carried out between values of the same sign. Where no value of the same sign s given, assume 0.0
for interpolation purposes.

3. Where two values of C) are listed, this indicates that the windward roof slope is subjected to either
positive or negative pressures and the roof structure shall be designed for both conditions. Interpolation
for intermediate ratios of h/L in this case shall only be carried out between Cp, values of like sign.

4. For monoslope roofs, entire roof surface is either a windward or leeward surface.

5. For flexible buildings use appropriate G as determined by rational analysis.

6. Referto Table 6-8 for arched roofs.

7. Notation:

B: Horizontal dimension of building, in feet (meter), measured normal to wind dircclion,

L: Horizontal dimension of building, in feet (meter), measured parallel to wind direction.

h: Mean roof height in feet {meters), except that eave height shall be used for 6 < 10 degrees.
z: Height above ground, in feet (meters).

G Gust effect factor.

g-qk: Velocity pressure, in pounds per square foot (N/m?), evaluated at respective height.

0: Angle of plane of roof from horizontal, in degrees.

8. For mansard roofs, the top horizontal surface and leeward inclined surface shall be treated as leeward
surfaces from the table.

#For roof slopes greater than 80°, use Cp ~ 0.8

ASCES Figure 6-3
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Internal Pressure Coefficients for Buildings, GC,; I

1.

=

)

_ Table 6-7 |

Enclosure Classification GO,

Open Buildings 0.00

Partially Enclosed Buildings +0.55

-0.55

Enclosed Buildings HO.18

-0.18

Notes:

Plus and minus signs signify pressures acting toward and away from the
internal surfaces,

Values of GC,; shall be used with q, or g, as specified in 6.5.12.

Two cases shall be considered to determine the critical load requirements
for the appropriate condition:

(1) apositive value of GC,; applied to all internal surfaces
(11) a ncgative value of GC,, applied to all internal surfaces

ASCES Table 6-7
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TABLE 7-2. Exposure Factor, C,

Exposure of Roof'

Terrain Category Fully Exposed Partially Exposed Sheltered
A (see Section 6.5.3) N/A 1.1 1.3
B (see Scction 6.5.3) 0.9 1.0 1.2
C (see Section 6.5.3) 0.9 1.0 1.1
D (see Section 6.5.3) 0.8 0.9 1.0
Above the treeline in windswept mountainous areas. 0.7 0.8 N/A
[n Alaska, in areas where trees do not exist within 0.7 0.8 N/A

a 2-mile (3-km) radius of the site.

Notes: The terrain category and roof exposure condition chosen shall be representative of the anticipated conditions during the life of the structure.
An exposure factor shall be determined for each roof of a structure.

'Delinitions:

Partially Exposed: All roofs except as indicated below.

Fully Exposed: Roofs exposed on all sides with no shelter® afforded by terrain, higher structures or trees. Roofs that contain several large pieces
of mechanical equipment, parapets which extend above the height of the balanced snow load (4,), or other obstructions are not in this category.
Sheltered: Roofs located tight in among coenifers that qualify as obstructions.

~QObstructions within a distance of 10k, provide “shelter,” where h, is the height of the obstruction above the roof level. If the only obstructions
are a few deciduous trees which are leafless in winter, the “fully exposed’ category shall be used except for terrain Category A, Note that
these are heights above the roof. Heights used to establish the Terrain Category in Section 6.5.3 are heights above the ground.

ASCES Table 7-2
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TABLE 7-3. Thermal Factor, C,

Thermal Condition' C,

All structures except as indicated below. 1.0

Structures kept just above freezing and others with cold, ventilated roofs in which the thermal resistance 1.1
(R-value) between the ventilated space and the heated space exceeds 25°F-h-ft/Btu (4.4 K-m%W).

Unheated structures and structures intentionally kept below freezing. 1.2

Continuously heated greenhouses™ with a roof having a thermal resistance (R-value) less than 2.0°F-h- 0.85

ft'/Btu (0.4 K-m™.W).

'"These conditions shall be representative of the anticipated conditions during winters for the life of the structure.

*Green houses with a constantly maintained interior temperature of 50°F {10°C) or more at any point 3 ft above the floor level
during winters and having either a maintenance attendant on duty at all times or a temperature alarm system to provide warning
in the event of a heating failurc.

TABLE 7-4. Importance
Factor, 1, (Snow Loads)

Category' I
1 0.8

11 1.0

11 1.1

v 1.2

'See Section 1.5 and Table 1-1.

ASCES Tables 7-3 and 7-4
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FIGURE 7-2. Graphs for Determining Roof Slope Factor C, for Warm and Cold Roofs

ASCES Figure 7-2

From ASCE Standards, ASCE 7-98, Minimum Design Loads for Buildings and
Other Structures. Copyright 2002 ASCE. Reproduced by permission of the
publisher, ASCE. www.pubs.asce.org.
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FIGURE 7-5. Balanced and Unbalsnced Snow Loads for Hip and Gable Roofs

ASCES Figure 7-5

From ASCE Standards, ASCE 7-98, Minimum Design Loads for Buildings and
Other Structures. Copyright 2002 ASCE. Reproduced by permission of the
publisher, ASCE. www.pubs.asce.org.
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Figure W4.4.1: Definitions of structural safety in LRFD.



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

