8 Ram Loads.
8.1 Symbols and Notation.

R = ram load on the undeflected roof. 1n
pounds per square foot (Kilonewiens
per squaie meter) When the phrase
"undeflected roof” 15 used. deflections
from loads (including dead loads) shali
not be considered when determining
the amount of rain on the roof.

d, = depth of water on the undeflected roof
up to the indet of the secondary
drainage system when the primary
drainage system is blocked (i ¢., the
static head), in inches (milkmeters)

d, = additonal depth of water on the
undeflected roof above the inlet of the
secondary dramnage system at 1ts design
flow ¢t e . the hydraulic head). in
inches (milhmeters)

8.2 Roof Dramage. Roof drainage systems shall be
designed in accordance with the provisions of the code
having jurisdiction. The flow capacity of secondary
{overflow)} dramns or scuppers shall not be less than that of
the primary drains or scuppers.

83 Design Rain Loads. Each port:on of a roof shall be
designed to sustain the foad of 2]l ranwater that will
accumuiate on it if the primary drainage system for that
pertion 1s biocked plus the uniform load caused by warter
that nises above the 1ndet of the secondary drainage system
at its design flow.

R=52(d,+d) {InSI R=00098(d, +d,)) (Eq 3-1)

if the secondary drainage svsterns contain drain lines such
ltnes and their point of discharge shall be separate from the
primary dramn lines.

8.4 Ponding Instability. "Ponding” refers to the retention
of water due solely to the deflection of relatively flat roofs
Raoofs with a slope less than /4 in /ft {1.197) shall be
investigated by structural analysis to assure that they
possess adequate suffness to preclude progressive
deflection (i.c. mnstability) as rain falls on themn or
meltwater is created from saow on them. The larger of
snow load or rain load shall be used in this analysis. The
primary drainage system within an area subjected 1o
ponding shall be considered to be blocked in this analysis

8.5 Controlled Drainage. Roofs equipped with hardware
to control the rate of drainage shall be equipped with a
secondary drainage system at a higher elevation that lims
accumulation of water on the raof above that elevation
Such roofs shall be designed 10 sustain the load of all
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rainwater thal will accumuiate on them 10 the elevauon of
the secondary dra.nage system plus the uniform load
caused by water that rises above the mnlet of the secondan
drainage sy stem at us design flow (determuned from
Section § 3}

Such roofs shall also be cheched for ponding wnstabihn
(determined from Secton § 4)



Commentary to American Society of Civil Engineers Standard ASCE 7-95
{Thrs Commentary 1s not a pari of the ASCE Standard Vorimum Design Loads for Buildings and Other Structures. 1115 included

for wnformation purposes )

This Commentary consists of evplanatory and
supplementany materal designed 10 assist local buidirz
code communiees and reguiator authonities 1n applying the
racommended requiremeants  In seme cases it wall be
necessary to adjust specific values in the standard 1o local
conditions, i others, a considerable amount of detailzd
informanon 1s needed to put the provisions Into effect
This Commenlary provides a place for supplying materizl
that can be used in these siwatiens and s intended to creats
a better understanding of the recommended requirements
throegh brief explanations of the reasorung employed in
arriving at them.

The secnions of the commentary are numbered (o
correspond 10 the secuions of the standard to which thex
refer Since 1118 not necessary to have supplemenian
maltenal for every section n the standard. there are gaps 'n
the nembermg 1a the Commanian

C1. General

CI1.1 Scope. The mimimum foag requirements contained 15
this standard are denived from research and service
perfermance of builldings and other siruciures  The user of
this standard. however must exercise Judgement when
applying the requirements to " other siructures 7 Loads for
some structures ather than buildings mav be found n
Sections 3 to 10 of this standard anc additonal surdanee
may be found i the commentan

Both loads and load compinations ase set forth in this
document with the intent of the that they be used together
1f one were 1o ase loads from some other source with the
ioad combinanions set forth herein or v.ce versa, the
reliabihity of thz resviting design may be affected

Earthquake loads contained herein are developed for
structures that possess certain quahiues of ducnlity and
post-elasnc energy dissipation capanhity For this reason
provisions for design, detashng. and construction are
provided m Appendix A [n some cases, these provisions
modify or add to provisions conta.nea in design
specifications.

C1.3 Basic Requirements

C1.3.1 Strength. Buildings and other structures musi
satisfy strength himit states 1n which members are
proportioned to carry the destgn loads safely to resist
buckling, yielding, fracture, eic It is expected that other
standards produced under consensus procedures and
mtended for use mn vonnectton with binlding code
requirements will contain recommendations for resistance

factors for strength destgn methods or allowable stresses
{or salery factors) for allowable stress design methods.

C1.3.2 Serviceabibiry. In addition to strength himit states,
buildings and other structures musi also sausfy
semiceabiliry himit states which define functional
performance and behavior under load and inctude such
ttems as deflection and vibration. In the United States,
strength limut siates have traditionally been specified in
building codes because they control the safety of the
structure  Serviceabihity lirut states, on the other hand. are
usually non-catastrophtc. define a level of qualiry of the
structure or ¢lement and are a matter of judgement as to
their application  Serviceability hmit states involve the
perceptions and expectations of the owner or user and are a
contractual matter bera een the owner or user and the
designer and buslder 10:s for these rezsons, ard because
the nenefits themselves are often subjective and difficult to
define or quanufy, that senaceabty limit states for the
most part are not incloded within the three model U S
Building Codes The fact that serviceability limil states are
usually not codified chould not diminish their importance
Faceeding a serviceatnlity hinut state 1n a building or othzr
structure usualiy means that s function 1s disrupted or
impasred because of local mimor damage or deterigration or
because of occupant discomfort or annovance

C1.3.3 Self-Straining Forces. Constrarned structures that
expertence dimensional changes develop self-straminig
forces Examples include moments in ngid frames that
underge differential foundanion settlements and shears in
bearing wall which support concrete slabs that shrink
Urless provistons are made for self-straiming forces.
stresses o siructural elements, erther alone orin
combination with stresses from external loads. can be high
enough to cause structural disiress

In many cases, the magntiude of self-straining forces can
be anticrpatea by anals ses of expected shrinkage,
temperature fluctuations, foundation movement ete
However, 1115 not always practical to calculate the
magnitude of self-straining forces. Desrgners ofier provide
for self-straining forces by specifying rehef joints. suitable
framing systems, or oiher details to mimmize the effzcts of
self-straining forces.

This section of the standard 1s not wtended to require the
designer to provide for self-straining forces that cannot be
anticipated during design. An example is settlement
resulting from future adjacent excavation.

C1.4 General Structural Integrity. Through accident or
misuse, properly designed structures may be subject to



conditions that could lead o either general or local
collapse Except for specially designed protecuve systems.
it is impraciical for a structure 10 be destzned 10 resist
general collapse caused by gross misuse of a large pant of
the system or severe abnormal foads acting directly on a
large portiont of it. However, precautions can be taken m
the design of structures to imit the effects of local collapse.
that 1s, to prevent progressive collapse, which is the spread
of an initial local failure from element to element resutung.
eventually, in the collapse of an entire structure or a
disproportionately large part of iL

Since accidents and misuse are nomally unforeseeable
events, they cannot be defined precisely. Likewise, general
structural integrity is a quality that cannot be stated in
simple terms [t 15 the purpose of 1.4 and this commentary
to direct attention to the problem of local collapse, present
guidelines for handling it that will aid the design engineer.
and promote consisiency of treatment 10 all types of
structures and in all construction materials.

Accidents, Misuse, and Their Consequences. [n addition
to unintentional or willful misuse, some of the incidents
that may cause local coilapse are {1]*: explosions due to
ignition of gas or industnal hquids: boiler failures; vehicle
impact; impact of falling objects, effects of adjacent
excavations, gross construction erors; and very high winds
such as tornadoes. Generally, such abnermal events would
not be ordinary design consideranons.

The distinction between general collapse and limited local
collapse can best be made by example.

The immediate demelition of an entire structure by a
high-energy bomb is an obvious instance of general
collapse. Also, the failure of oae column 1n a one-, two-,
three-, or possibly even four—cefumn structure could
precipitate general collapse, because the local farted
column 1s a sigmficant part of the total structure at that
level. Similarly, the failute of a major bearing element in
the bottom story of a two- or three-story structure might
cause general collapse of the whole structure. Such
collapses are beyond the scope of the provisions discussed
herein. There have been numerous instances of general
collapse that have occurred as the result of such abnormal
events as warime bombing, landshdes, and floods.

An example of limited local collapse would be the
containment of damage to adjacent bays and stones
following the destruction of one or two neighbonng
columns mn a muitibay structure. The restriction of damage
to portions of two or three stories of a higher structure
following the failure of a section of bearmg wall in one
story 1s another example. A prominent case of local
coliapse that progressed to a disproportionate part of the
whuole buitding (and is thus an example of the type of
failure of concern here) was the Ronan Point disaster
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Ronan Point was a 22-story apartment building of large,
precast-concrele, toadbearing panels in Canning Town,
Engtand. In March 1968, a gas explosion in an 18th-story
apartment blew out a living room wall. The loss of the
wall led to the collapse of the whole corner of the butidimg
The apartments above the 18th story, suddenly losing
support from below and being insufficientdy tied and
reinforced, coilapsed one after the other  The falling debrnis
ruptured successive floors and walls below the 18th story,
and the failure progressed 1o the ground. Anqther example
1s the failure of a one-story parking garage reported in [2].
Collapse of one transverse frame under a concentration of
snow led to the later progressive cotlapse of the whole
reof, which was supported by 20 transverse frames of the
same type Simular progressive collapses are mentioned in

3l

There are a nurnber of factors that contribute to the risk of
damage propagation in modern structures [4]. Among
them are,

1. There can be a lack of awareness that
structural integnty against collapse is important
enough 10 be regularly considered in design.

2. In order to have more flexibility in floor plans
and 1o heep costs down, interior walls and
parunons are often non-loadbearmg and hence
may be unable to assist in containing damage

3 In attempting to achieve economy In
structures through greater speed of erection and
less site labor. sysiems may be built with
miniMum continuily, ies between ¢lements, and
joint ngidity

4. Unreinforced or lightly reinforced
joad-bearmng walls in multistory structures may
2lso have inadeguate continuity. hies, and joint
nagidity

3. In roof trusses and arches there may not be
sufficient strength to carmy the extra loads or
sufficient diaphragm action 1o maintain lateral
stability of the adjacent members if one
collapses

6 In ehminaung excessively large safety factors,
code changes over the past several decades have
reduced the large margin of safety inherent 1n
many older struciures. The use ¢f
higher-strength materials permitting more slender
sections compounds the problem in that modern
structures mayv be more flexible and sensitive to
load variations and, m addition, may be more
sensitive to construction errors



Experience has demonstraied that the principle of 1aking
precauuions in design to hmit the effects of local collapse 15
realistic and can be sausfied ecanomically. From a
public-safety viewpaoint it 1s reasonable to expeci all
multstory struciures to possess geaeral strucrural integnity
comparable to that ot properly designed. conventional
framed structures [4.5].

Design Alternatives. There are a number of ways to
obtamn resistance to progressive collapse. In [6] a
distinction 1s made between direct and andirect design. and
the following approaches are defined

Direct design: explicit consideration of resistance 10
progressive collapse during the design process throuzh
either:

alternate path methed: 2 method that
allows local tailure to occur but seeks
to provide alternate load paths so that
the damage 15 absorbed and major
collapse 15 averted, ar

specific local resistance method: a
method that sechs to provide sufficient
strength to resist falure from accidents
Of Misuse.

Indirect design: 1mplici consideration of resistance o
progressive collapse durmg the design process (r-ough the
provision of muimimum levels of strength, contnuiny and
ductility

The genreral structural mtegnty of a structure mas be tesizd
by analysis to ascertain whether alternate paths arcund
hypothetically collapsed regions exist Altematrvely
alternate path studies may be used as gudes for developing
rules for the mimmum levels of conhinuity and guctb~y
needed in applying the mdirect design approach to
=nsuring general structural integrity  Specific local
resistance may be provided in rezions of high rish simcz it
may be necessary for some elements o have sutficient
strength 10 resist abnormal loads in order for the structure
as a whole to develop alternate paths  Speerfic suggesuons
for the implementation of each of the defined methods are
contamed In [6]

Guidelines for the Provision of General Structural
Integrity. Generally, connections between struciural
components should be ductile and have a capacin for
relatively large deformations and energy abserption under
the effect of abnormal conditions. This cntenon 15 met 1
many different ways, depending on the structural sysiem
vsed. Detals that are appropnate for resistance to
moderate wind loads and seismic loads often provide
sufficient ductlicy

Work with large precast panel structures [7,8.9] provides
an example of how o cope with the problem of general
structural integnty 1n a butlding system that 15 inherently
discontinuous. The provision of ties combined with careful
detailing of connecuions can overcome difficulizes
associated with such a system  The same kind of
methodology and design philosophy can be applied to
other systems [10] The ACT Butlding Code Requirements
for Reinforced Concrete [ 1] includes such requirements in
Section 7 13.

There are a number of ways of designing for the required
integrity to carry loads around severely damaged walls,
trusses, beams, columns, and floors. A few examples of
design concepts and details relating particularly, but not
solely, 10 precast and bearing-wall structures are-

1 Good Plan Layout. An :mportant factor in
achieving integnity 1s the proper plan layout of
walls (and cotumns) in beanng-wall structures
there should be an arrangement of mtersor
longiudinal walls to support and reduce the span
of long sections of crosswall, thus enhancing the
stabtlity of mndividual walls and of the structures
as a whole. In the case of local faiture this wil!
aiso decrease the length of wall likely 1o be
affected.

2 Retams on Walls Returns on mnterier and
exterior walls will make them more stable

3 Changing Directions of Span of Floor Slab
Where a floor stab 15 retnforced 1n order that it
can, with a low safety factor, span in another
direction st a load-bearing wall is removed, the
collapse of the slzb will be prevented and the
debnis loading of other parts of the structure wiil
be minimized. Ofien, shrinkage and temperature
steel will be enough to enable the slab to span m
a new direction.

4 Load-Bearing Intenor Partitions. The intenor
walls must be capable of carrving enough load 10
achieve the change of span direction i the floor
siabs.

3, Catenary Action of Floor Slab. Where the
slab cannot change span dsrecuon, the span will
increase if an intermediate supporting wall is
removed. In this case, 1f there 1s enough
reinforcement throughout the stab and encugh
continuity and restraint, the slab may be capable
of carrving the loads by catenary action. though
very large deflections will result.

& Beam Acuon of Walls, Walls may be
assumed to be capable of spanming an opening if
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sufficrent tying steel at the top and
bottom of the walls allgws them 1o act
as the web of a beam wth the slabs
above and below acting as flanges (see

7.

C1.5 Classification of Buildings and Other Structures.
The categones in Table 1-1 are used to relate the critena
for maximum environmentat loads or distorlions specified
in this standard 10 the consequence of the leads being
exceeded for the structure and its occupants. The category
numberning is unchanged from that in the previous edition
of the standard (ASCE 7-95). Classification continues to
reflects a progression of the anticipated seriousness of the
conseqguence of failure from lowest hazard to human Iife
(Category I) to highest (Category IV).

In Sections 6 and 7, importance factors are presented for
the four categories identified. The specific impornance
factors daffer according to the stanstical charzcteristcs of
the environmental loads and the manner i wnich the
structure responds to the loads The principle of requiring
more stningent loading cniteria for situations n which the
consequence of failure may be severe has been recogmized
n previous versions of this standard by the spectfication of
mean recurrence interval maps for wind speed and ground
snow loac

This section now recognizes that there may be situations
when 1t 1s acceptabie 1o assign moluple categones to a
structure based on lhe expected occupancy of the structure
during extreme loading events. For instance, a structure
that is 10 be used as a hurricane shelter and has no expected
use as a shelter during other extreme events. such as an
earthquake. need not be designed for loads consisiznt with
an earthquake shelter. In thus case. the structure would be
classified in Category IV for wind design and 1n Caregory
i1 for se1smic design.

Category 1 contains burldings and ether structures that
represent a low hazard to human hfe in the ev2nt of farlure
either because they have a small number of occupants or
have a limited penod of exposure to extreme
envirenmental loadings. Category II contains all
ocCupancies other than those in Categenes 1. [[ and IV and
are sometimes referred 1o as "ordinary™ for the purpose of
nisk exposure Category 111 contains these buildings and
other structures that have farge numbers of occupanis, are
designated for public assembly or for which the occupants
are restrained or otherwise restricted from mosement or
evacuation. Buildings and other structures in Category Il
therefore represent a substantial hazard to human life in the
event of failure.

Buildings and other structures normally falling in1o

Category 1] could be classified into Category 11 1f means
(secondary containment) are provided to contain the tovic

88

or explosive substances n the case of 2 spill or 1o contain 2
blast. To quahfy. secondary containment sysiems must
should be designed, mstalled, and operated to prevent
mugration of harmful quantties of texic or explosive
substances out of the system to the air. soii, ground water,
or surface water at any time dunng the use of the structure.
This requirement 15 not 1o be construed as requiring a
secondarv containment system to prevent a refease of any
tox:c or explasive substance nto the air. By recognizing
that secondary containment shall not allow releases of
"harmful” quantities of contaminants, this standard
acknowledges that there are substances that might
coniaminate ground water but do not produce a sufficient
concentration of toxic or explosive material during 2 vapor
release to constitute a health or safety risk to the public.

If the beneficial effect of secondary containment can be
negated by exiernal forces, such as the overtopping of dike
walls by flood waters, then the busldings or other structures
in question should not be classified into Catepory IL. If the
secondary contamnment is to contain 2 flammable
substance, then implementation of a program of emergency
response and preparedness combined with an appropriate
fire suppression system would be a prudent action
associated with a Category [I classificabon  [n many
jurisdictions, such actions are required by focal fire codes.

Buldings and other structures contaung toxic or
explosive substances also could be classified as Category (I
for hurricane wind loads when mandatory procedures are
used o reduce the risk of release of hazardous subsiances
dunng and immediately afier these predictable extreme
loadings. Examples of such procedures include draiming
hazardous fluids from a tank when a hurnicane 15 predicted
or, conversely, filling a tank with fluid to 1ncrease s
buckiing and overturming resistance  As appropnate o
minimize the nisk of damage to structures CONLAnING WXIC
or explosive substances. mandatory procedures necessary
for the Category 1! classification should include
preventative measures such as the removal of objects that
might become air-bome missiles in the vicmt of the
struciure,

Category IV contamns buildings and other structures that are
designated as essennal faclities and are intended 10 remain
operational in the event of extreme environmental loadings
Such cccupancies include, but are not himited o hospitals.
fire, rescue and other emergency response facilities.
Ancillary structures required for the operation of Category
IV facilities during an emergency also are included i this

calegory.

C1.7 Load Tests. No specific method of tes1 for
completed construction has been given in this standard,
since it may be found advisable 1o vary the procedure
according 1o condiitons, Some codes require the
construction 10 sustain a supenimpesed load equal o a



siated multiple of 1he design load without evidence of
senious damage Others specify that the supenmposed load
shall be equal (o 2 stated multiple of the live load plus a
peruion of the dead Joad. Limits are set on maximum
deflection under load and afier removal of the load.
Recovery of at least three-guarters of the maximum
deflection. within 24 hours after the load is removed 152
common requitement [11]
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C2. Combinations of Loads. Loads in this standard are
intended for use with de: zn specifications for
conventional structural mztarials, including steel. concrete
masonry. and imber Some of these specifications are
oased on allowable sires: design, while others employ
strength design In the case of allowable stress desion.
design specifications definz allowatle stresses thar r;xax' not
be exceeded by load effects due o unfactored loads, that is.
allowablc stresses contasr a factor of safety. In strength
design, design specifications provide load factors and, in
some nstances. resistancs factors. Structural design
specifications based on hmit states design have been
adopted by a number of specification-writing groups.
Therefore, 11 15 desirable 10 include herein common load
factors that are applicabie 10 these new specifications. Itis
intended that these load factors be used by all matenal-
based design specifications that adopt a strength design
philosophy in conjunction with nominal resistances and
resistance factors developed by individual material-
specification-wnting groups Load factors given herein
were developed using a firsi-order probabilistic analysis
and a broad survey of the reliabulities inherent in
contemporary design pracice  References [Ellingw ood
(1980). Galambos (1982) and Ellingwood (1982)] also
provide guidehnes for matenals-specification-writing
groups to aid them in deseloping resistance factors that are
comgpatible, 1a terms of inherent reiiability, with load
factors and stat:sucal infermation specific 10 each structural
maienal.

C2.2 Symbols and Notation. Seif-straining forces can be
caused by differential settlement foundations, creep in
concrete members, shrinkage in members after placement,
expansion of shrinkage-compensating concrete, and
changes in temperature of members during the service ife
of the structure. In some cases, these forces may be a
s1gniiicam design consideraton. In concrete or masonn
structures, the reduction 1n suffness tha: occurs upon ’
cracking may reheve these self-straining forces, and the
assessment of loads should consader this reduced suffness

Some permanent loads, such as landscaping loads on plaza
areas, may be more appropnately considered as live loads
for purposes of design,

€23 Combming Loads Using Strength Design

C2.3.1 Applicability. Load factors and load combinations
given in this section apply to limit states or strength design
cnteria {referred to as "Load and Resistance Factor Des: gn”
by the steel and wood industries) and they should not be
used with allowable stress design specifications.

C2.3.2 Basic Combinations. Unfactored loads to be used
with these load factors are the nominal loads of Sections 3
through % of this standard. Load factors are from NBS SP
377 wnh the exception of the factor 1.0 for E, which is

S0

based on the more recent NEHRP research on seismie-
resistant design {(NEHRP, 1992). The basic wdea of the
load combinalion scheme 1s that in addition to dead load.
whicn is considered (o be permanent, one of the vanable
loads takes on its mavimura hifeume value wfile the other
variable loads assume "arbitrary point-in-tune” values, the
latter being loads that would be measured at any instant of
time [17]  This s consistent with the manner 0 which
loads actually combine in situations i which strength limat
stales may be approached. However, nominal [oads in
Secuons 3 through 9 are substanually in excess of the
arbitrary point-in-time values. To avoid having to specify
beth a maximum and an arbitrary pornt-in-time value for
each load type. some of the specified load factors are less
than unitv in combinations (2) through (6)

Load factors in 2 3 2 are based on a survey of rehabilities
inkerent 1t ex1sung design practice. The load factor on
wind load in combinat.ons (4) and {6) has been mcreased
to 1 6 in the current standard from the value of 13
appearing in ASCE 7-93. The reasons for this increase are
two fold

First, the previous wind load factor. 1.3, incorporated a
factor of 0 83 to account for wind direcuonality thatis the
reduced likel:hood that the maximum windspeed oceurs in
z direction that 1s most unfavorable {or building respense
{Elltngwood, 1981). This directionality effect was not
taken into account m ASD. Recent wind engineering
research has made 1t possible to 1denufy wind directionahity
factors explicity for a number of common struciures.
Accordingly, new wind directionahry factors. K, are
presented 10 Table 6-6 of this standard, these factors now
are reflected in the nominal wind forces, W. used 10 both
strength design and aliowable stress desigr. This change
alone mandates an increase 1n the wnd foad factor to
approxmately 1 53

Second. the previous value. 1 3, was based on a statisuzat
analysis of wind foerces on buildings at sttes not exposed 10
hurricane winds (Ellingwood, 1981) Stud:ies have shown
that, owng to differences berween statistical characieristics
of wind forces 1n hurmicane-prone coastal areas of the
United States {(Vickery and Twasdale, 1995, Whalen. 1996,
Peterka and Shahid, 1998) the probability of exceeding the
factored {or design-bas:s) wind force 1.3W s hugherin
humcane-prone coastal areas than in the mtener regons
Two recent studies {(Ellingwood and Tekie, 1997, Mehta,
et. al. 1998) have shown that the wind load factor in
hurncane-prone areas should be increased to approximately
1.5 1o 1.8 (depending on site) to maintain comparable
reliabiliry.

To move toward uniform risk in coastal and interior areas
across the couniry. two steps were taken Firsi the
windspeed contours 1n hurmcane-prone areas were adjusted
to take the differences in extreme hurmcane wind speed



probability distributions into account {as expianed in

C6 5 4). these differences previously were accounted for 1n
ASCE 7-85 by the imporance factor © Second. the wind
toad factor was increased from 1.3 10 1.6. This approach
(a) reflects the removal of the directionahity factor. and {b)
avoids having 10 specify separate load critena for coastal
and 1ntenor areas.

Load combination 6 applies specifically to the case In
which the structural actions due to lateral forces and
gravity loads counteract one another.

Load factors given herein relate only to strength limat
states  Serviceability himit states and associated load
factors are covered in Appendix B of this standard

This standard historically has provided specific procedures
for derermateng magnitudes of dead, occupancy tive. wind.
snow. and earthquake loads Other loads not traditionally
considered by this standard may also require consideration
in design  Some of these loads may be important in certain
matenal specificanions and are included in the load critena
1o enable uniformity to be achieved in the load criternia for
different materials. However, statistical data on these foads
are limited or nonexasient. and the same procedures used to
obtain load factors and load combinations in 2.3 2 cannot
be apnlied at the present time, Accordingly, load factors
for flwmd load (F). lateral pressure due to soll and water in
soil {H), and self-straining forces ana effects (T) have been
cnosen to vield designs that would be similar to those
obtained with existing specifications, 1f appropniate
adjustments consistent with the load combinations n 2 3 2
were made 1o the resistance factors. Further research s
needed to develop more accurate load factors because the
load factors selected for H and F,, are probably
conservanve

Fluid load. F. defines structural actions i structural
supports, framewerk of foundations of a storage tank.
vessel or simular container due 1o stored Liguid products.
The product in a storage tank shares charactenstics of both
dead and [ive load [t 1s simujar to a dead load 15 that 115
weight has a maximum calculated value. and the magnitude
of the actual load may have a relattvely small dispersion.
However, it 15 not permanent. emptying and filling causes
fluctuating forc=s in the structure, the maximum load may
be exceeded by overfilhing: and densiues of stored products
n a snecific tank may vary Adding F to combination |
provides additional conservatism for sicuations in winich F
15 the dorninant Joad

It shouid be emphasized that uncerntainties in laterat forces
frorn bulk matenals. inctuded in H, are higher than those in
fluids, particularly when dynamic effects are iniroduced as
the bulk material 1s set in motion by filling or emptying
eperziions  Accord:ngly. the load factor for such toads 1s
setequal to 1 6

C2.33 Load Combunations Including Flood Load. The
nominal flood load. Fa, 15 based on the 100-y2ar tlood
(Section 3.3.3 1) The recommended fload load factor of
2 01n V Zones and coastal A Zones 15 based on a stausncal
analysis of flood loads associated with hydrostatic
pressures, pressures due to steady overland flow. and
hvdrodynamic pressures due to waves, as specified in
Section 33 3.

The flood load criteria were derived from an anaiysis of
hurricane-generated storm tides produced along the 11.S
East and Gulf coasts (Mehta, et al. 1991, where storm tde
15 defined as the water level above mean sea level resulung
from wind-generated storm surge added to randomly
phased astronomacal tides. Hurricane wind speeds and
storm tides were sinulated at 11 coastal sues based on
historical storm climatology and on accepted wind speed
and storm surge models The resulting wind speed ana
storm tide data were then used to define probabihty
distributions of wind loads and flood ‘oads using wind and
flood load equations specified m Sections 6 3. 53 3 ana in
other publicanions {US Army Corps of Engineers ) Load
factors for these toads were then obtamed using established
reliability methods (Ellingwood, et al. 1981, and achieve
approximately the same level of reliabilivy as do
combunations involving wind loads acung «ithout floods
The reiatively high flood load factor siems from thz fugh
vanability 1n floods refative 0 other envirenmental loads
The presence ot 2 OFa in both equarons 4 and 6 V
Zones and Coastal A Zones 1s the result of high stochastic
dependence between extreme wind and flood 1 humicane-
prone coastal zones The 2 OFa also applies in coastal
areas subject 1o northeasters, extra tropical storms or
coastal storms other than hurmicanes, where a high
correlatian exists between extreme wind and floed

Flood loads are umique in thal they are tninated only after
the water level exceeds the local ground elevation As a
result the stanustical charactensucs of flood loads vary with
ground elevation The load factor 2 ¢ 15 based an
calculations (including hydrostauc, steady flow and wave
forces) with sull-water flood depths ranging from
approxmmately four to nine feet (average sull-water flood
depth of approximately six feet). and apphes to a wade
vanety of flood condimons  For lesser {lood depths. toad
factors exceed 2 (0 because of the wide dispersien in flood
loads relative to the nominal flood load  As an example
load factors appropnate to water depths shghtly less than
four feet equal 2 8 (Mehta, et al, 19981, However. i such
circumstances, the flood load itself generally 15 small
Thus, the load factor 2.0 is based on the recognition that
flood loads of most importance to structural design occor
in situations where the depth of flooding is greatest.

C2.4 Cembining Loads Using Allowable Stress Design

(2.4.1 Basic Combimations. The lead combinations
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listed cover those loads for which specific values are grven
in other parts of this standard. However, these
combinations are not all-inclusive, and designers will need
'o exercise judgement in some Siuatens Design should
be based on the Joad combinabion causing the most
unfavorable effect. 1n some cases this may occur when one
or more loads are not acung  No safety factors have been
applied to these loads. since such factors depend on the
design philosophy adopted by the particular matenal
specification.

Wind and earthquake loads need not be assumed to act
simultanecusly However, the most unfavorable effects of
each should be considered separately in design, where
appropriate In some instances, forces due to wind might
exceed those due to earthquake. while duculity
requiremnents might be determined by earthquake loads

Load combinations (4} and (3) are new in ASCE 7-98
They address the situation in which the effects of lateral or
uplift forces counteract the effect of gravery loads This
eliminates an nconsistency in the treatment of
counteracting loads in allowable stress design and srength
design, and emphasizes the imporance of checking
stability The earthquake load effect 15 multiphied by 0 7 to
ahign allowable stress design for earthquake effects with
the defimiuon of E in Section 9 2.2.6 which is based on
strength principles

2.4.2 Load Combinations Including Fleod Load. The
basis for the load combinations mvolving floed load is
presented 1n detail 1n Section C2.3 2 on swength design.
Conststent with the treatment of fiood loads for strength
design. F, has been added to load combinations (3) and (4),
the muiupler on F, aligns allowable stress design for flood
load with strength design.

C2.4.3 Load Reduction. Most loads. other than dead
loads. vary significantly with time, When these vanable
loads are combined with dead loads, their combined effect
should be sufficient to reduce the risk of unsatisfactory
performance 1o an accepiably low level However, when
more than one vanable load s considered, i is extremely
unlikely that they will all 2nam their maximum value at the
same time  Accordingly. some reduction in the totaf of the
combined load effects 1s appropriate. This reduction is
accomplished through the 0.75 load combination factor.
The 0 75 factor applies only to the sum of the transient
loads, not to the dead Yoad.

Some material design standards thar permit a one-third
increase in allowable stress for certain load combinations
have justified that increase by this same concept. Where
that 15 the case, simultaneous use of both the one-third
increase in allowabie stress and the 25% reduction in
combined loads 15 unsafe and #s not permitted. In contrast,
allowable stress increases that are based npon duration of
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load or loading rate effects, which are independent
concepls may be combned with the reduction factor for
combining multiple transient Joads. Effects apply to the
1otal siress; that is, the siress resudting from the
combmnation of all loads Load combmation reduciton
factors for combined transient loads are different in that
they apply only to the ransient loads, and they do not
affect the permanent loads nor the stresses caused by
permanent Joads This explains why the 0.75 {actor applied
to the surn of all loads. to this edition, in which the 0.73
factor applies only to the sum of the transient loads, not the
dead load.

Certain material design standards permit 2 one-third
increase in allowabie stress for load combinatons with one
transient load where that transient is wied-or carthquake
load. This standard handtes allowable stress design for
earthquake loads in a fashion to give results comparable o
the strength design basis for earthquake loads as explamed
in the C.9 Commentarv section titled "Use of Allowable
Stress Design Standards™

C2.5 Load Combinations for Extraordinary Events.
ASCE Standard 7 Commentary C!_4 recommends
approaches to providing general structural integnity in
building design and construction. Commentary C2 5
explains the basis for the load combinations that the
designer should use 1f the Direct Design alternative in
Commentary C1.4 is selected [f the authority having
Junsdiction requires the Indirect Design alternative, that
authority may use these load requirements as one basis for
determining minimum required levels of sirength,
conlinuity and ductility. Generally, extraordinary events
with a probability of occurrence in the range 16 - 107vr
or greater should be identified, and measures should be
waken 1o cnsure that the performance of key loading-
bearing structural systems and components 1s sufficieat 10
withstand such events.

Extraordinary events anse from extraordinary service or
ervironmental conditions that traditionally are not
considered exphicitly in design of ordinary buildings and
structures. Suech events are characterized by a low
probability of cccurrence and usually a short duranon

Few buitdings are ever expesed to such events and
statistical daia 1o describe their magnitude and structural
effects are rarely available. Included in the category of
extraordinary events would be fire, explosions of volatile
ligids or natural gas in building service systems, sabotage,
vehicular impact, misuse by building occupants,
subsidence (not setilement) of subsoil, and tormadoes. The
occurrence of any of these events is likely to lead to
structural damage or failure. If the structure is not properly
designed and detailed, this local failure may initiate a chain
reaction of falures that propagates throughout a major
portion of the structure and leads 1o a potentially
catastrophic collapse. Approximately 15 to 20 percent of



building cotlapses occur 1n this wav {Allen and Schriever.
1973). Althcugh all binldings are susceptible 1o
progressive faslures 1n varying degrees, types of
construction that lack inherent contibuity aad ductihity are
particularly vulnerable (Been and Siess, 1979} 2] [16]

Good design practice requires that structures be rooust and
that their safety and performance not be sensitve to
uncertainties 1n loads, environmental mfluences and other
situations not exphicitly considered n design. The
structural system should be designed in such a way that (f
an extraordinary event occurs, the probability of damage
disproportionate to the ongmal event is sufficiently small
{Commentary C, 1990). The philosophy of designing 10
1imt the spread of damage raiher than to prevent damage
entirely is different from the waditional approach 10
designmg 1o withstand dead, live. snow and wind loads.
but 15 stmilar to the philosophy adopted in modern
earthquake-resistant destgn (NEHRP, 1992).

In general, structural systems should be designed with
sufficient continuity and ductlity that alternate [oad paths
can develop following individual member failure so that
failure of the structure as a whoie does not ensue Ata
simple level, contimuity can be achieved by requinng
development of a munimum tie force - say 20 kN/m -
between structural elements [3]. Member failures may be
controiled by protective measures that ensure that no
essental load-bearg member 1s made meffective as a
resuit of an accident, although this approach may be more
difficult to implement. Where member failure would
mevitably result in a disproporntionate collapse. the member
should be designed for a higher degree of reliabiliry (NKTR,
1987} In either approach, an enhanced quality assurance
and maintenance program may be required.

Design limit states include loss of equilibnum as a ngic
tody, laree deformations leadmg to sigmificant second-
order effects, vielding or rupture of members of
connecnons, formatina of a mechamsm, instability of
members or the structure as a whole These hmut states are
the same as those considered for other load events, but the
load-resisung mechanisms it a damaged structure may be
different and sources of load-carrying capacity that
normally would not be considered m ordinary ultimate
bimut states design, such as a membrane or catenary acnon.
may be mcleded The use of elastic analysis vastly
underestimates the load-carrying capacity of the struciure,
Matenally or geometncally nonlinear or plastic analyses
may be used, depending on the respense of the structure ta
the actions.

Specific design provisions to control the effect of
extraordinary loads and risk of progressive failure can be
developed with a probabilistic basis (Elhngwood and
-zyendecker. 1978; Ellingwood and Corotis, 1991). One
can either atternpt to reduce the tikehhood of the

extraordinary eveni or design the structure to withsiand or
absorb damage from the event if it occurs Let F be the
event of failure and A be the event that a structurally
darnagmg event occurs  The probability of fallure due to
event A s,

P, = P(F{A) P (&) C25.1

in which P(F|A) ts the condinonal probability of faiture of
a damaged structure and P(A)1s the probability of
occurrence of event A The separation of P(F|A) and P(A)
allows one 10 focus on strategies for reducing risk. P(A)
depends on siung, controlling ihe use of hazardous
substances. limung access. and other actions that are
essennally independent of strucrural design. In contrast,
P(F|A) depends on structura! design measures rangmg
from manimum provisions for continuity to a complete
post-damage structural evaluation

The probabihity. P(A). depends on the specific hazard
Limied data for severe fires zas explosions, bemb
explosions and vehicular cothisions indicate that the event
probablity depends on building size, measured (n awellmg
units or square footage. and ranges from about 0 23 ~ 107
idweliing unsyvear to about 7 8 x H0*/ dwelling umivyear
(CIB W14, 1983. Ellngwood and Leyendecker, 1978)
Thus. the probabihity that a buulding structure 1s affecied
cepends on the number of dwelling units {or square
footage) in the building  If one were to set the conditicnal
himut state probability, P(F|A) =0 1 -0 2/yr, however. the
annual probability of struciural failure from Eqn. C2 5§
would be on the arder of 107 to 10*, placing the nsk :n the
low-magrutude background along with nisks from rare
accidents (Wilson and Crouch. [987).

Design requirements corresponding to this desired P(Fi4)
=01 -02can be developed using first-order reliability
analy s1s1f the it state function describing structural
behavior 15 avaiizble (Galambos, et al, 1982, Ellingwood.
et al 1982} Asan aliernalive, one can leave matenal and
structural behavior considerations to the responsible
matenal specifications and consider only the load
combination aspect of the safery check, which 15 more
stra:ghtforw ard

For checking a structure to determine 1ts residual loae-
carrying capacity following occurrence of a damagng
evtraordmary event, seiected load-beanng clements should
be nouonaily removed and the capacity of the remamning
structure evaluated using the foliowing load combination

(090r1 2)D+(D5L or 025)+02W 252
For checking the capacity of a structure or structurat

element 10 withsiand the effect of an extraordinary event
the followmg load combinations should be used

N
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2D+ A, + (0350 0r025) C233
{0%0rt 2D+ A, +02W C2354

The value of the load or load effect resulung from
extraordmary event A used in design is dencted A, Only
himited data are available to define the frequancy
distributian of the load, and A, must be specified by the
authomty having junisdiction (Bumert, 1973). The
uncertainty in the Joad due to the extraordinary event 1s
encompassed in the selection of a2 consenvative A, and thus
the foad factor on A, is set equal to 1.0, as 15 done in the
earthquake load combinations in Section 2.3 Load factors
less than 1.0 on the companion actions reflect the smatl
probabihiry of a joint occurrence of the extrzordinary load
and the design live, snow or wind load The comparmon
action (0 3L corresponds, approximately, to the meas of the
yearly mamamum }oad {Chalk and Corotis. [980)
Companien actions 0.25 and 0.2W are mierpreted
similarty. A stmilar set of load combinarions for
exiraordinary events appears in Eurocode 1 (1990
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