C3. Dead Loads

C3.2 Weights of Materiais and Constructions. To
establish uniform practice among designers, it s desirable
to present a hist of matenals generally used in building
construction, together with their proper weights. Many
building codes prescribe the minimum weights for only a
few building materials, and in other instances no guide
whatsoever 15 furmished on this subject. In some cases the
codes are so drawn up as to leave the question of what
weights to use to the discretion of the building official,
without providing any authoritative guide This practice, as
well as the use of incomplete lists, has been subjected to
much crticism. The solution chosen has been 10 present. in
this commentary, an extended }ist that will be useful 10
designer and official ahke. However. special cases will
unavoidably anise, and authonty 15 therefore granted in the
standard for the building offical to deal with them.

For ease of computation. most values are given in terms of
pounds per square foot (1b/ft*) (kN/m®) of given thickness
(see Table C3-1). Pounds-per-cubic-fost (1b/f1%) (kN/m?)
values, consistent with the pounds-per-square foot
(kilonewtons per square meter) valugs, are also presented
n some cases (see Table C3-2) Some constructions for
which a single figure 15 given actualiy have a considerable
range 1 ~eight The average figure given 1s suitabie for
general use. but when there 15 reason to suspect a
considerable deviation from this, the actual weight should
be determined.

Engineers, architects, and buitlding owners are advised to
consider factors that result in differences berween actual
and calculated loads.

Engineers and architects cannot be responsible for
circuemstances bevond their controb. Experience nas shown,
however, that cendittons are encountered which, if not
considered mn design. may reduce the future utility of a
building or reduce its margin of safety. Among them are:

1. Dead Loads. There have been numerous
mstances in which the actual weights of members
and construction matenals have exceeded the
values used in design. Care is advised in the use
of tabular vaiues, Also, allowances should be
made for such factors as the influence of
formwork and support deflections on the actual
thickness of a concrete slab of prescribed
nominal thickness.

2 Future Installations. Allowance should be made
for the weight of future wearing or protective
surfaces where there 15 a good possibility that
such may be applied. Special consideration
snould be given to the likely tyvpes and position
of partitions, as insuffictent provision for
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partitioning may reduce the future utility of the
bwilding

Anention 15 directed also to the possibthty of temporary
changes 1n the use of a bulfding. as in the case of cleanng
dormutory for a dance or other recreational purpose
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Table C3-2

Minimum Densines for Design Loads from Matenals

Load Foad
Maienal (ib-f°} Matenal (Y63}
Aluminem 170 Lead 210
Biusminous procucts Lime
Aspbaltum g1 Huydraed loose 37
Graphite 133 Hr drated. compacted 1%
Parafin o6 Masonry. Ashiar Siane
Petroleum, crude >3 Granne 165
Petraleum, reined 50 Limesione crvsialline 165
Pewroleem cenzne 16 Limestore. coiine 135
Peroleum. gasohne 42 Marble 173
Pach 69 Sandstone 143
Tar 73 Masonry, Bnek
Brass 326 Hard (low absorbnon) 130
Bronze 352 Madium (mediom absorbrion) 135
Casi-stone masonry (cement, stone sand) 144 Soft (hugh absorbtion) 100
Cement, portiand loose 50 Masonry, Concrere®
Ceramuc tle 130 Eighrwerght unns 105
Charcoal 13 Medium weignt ussts 125
Cinder fill 3 Normal weignt umits 133
Cinders. dry. 'n bulk 43 Masonry Grout 140
Coal Masonn Rubble Stone
Anthracite, oilad 52 Granite 133
Biuminous iled a7 Limesione cry stalline 1a7
Lignite, pilad 17 Limestonz ochic 138
Peat dry pued 23 Marble 156
Concrete plan Sandsiong 137
Cinder 108 Mortar cement or me 130
Espanded-slag aggregale 1 Particleboard 45
Havditz (bu—zd<lay ageregared 30 Plywood 36
Slag 122 Raprap €Not submerged)
Stone (snelucing granet) 144 Limesicne a3
Yermiculiz and oerlite aggreezte noaload-teanng 23-30 Sandstone 5
Cther bght aggegate load-bearrg SG-103 Sand
Concrete Remnrorced Clean and dny 90
Cinder Ty River dn 106
Slag 138 Slag
Stene Nncluding grav e P30 Bank 7
Copoer 336 Bank screemings i08
Cork compressed 13 Machine @4
Earth {not submerged, Sand EN
Clay, & &3 Slate 172
Clay, damp 110 Steel. cold-drawn 492
Clay and gravei. drv 100 Stone. Quamed. Pled
Silt, moist. teose 7 Basaul, grarne gneiss 56
SHL mest pached % Limesione marble, quartz 95
S, Nowing 108 Sandstone 82
Sand ang g2ve!, anv loose 100 Shale 32
Sand and gravel, drv packed 1i0 Gresnstone homblende o7
Sand and gravel. wet 120 Terra Cotta, Archytectural
Eanth (submerzed) Vouds filled 120
Clay 80 Vouds unfilied 72
Soill -a Tin 433
Raver mud %0 Water
Sand or gave! &0 Fresh 62
Sand or gravel and '3y 62 Sea 54
Glass 160 Wood. Seasoned
Gravel, erv o4 Ash, commercia! white 41
Gypsumn looss 7 Cypress, southern k=
Gypsum, waliboard 39 Fir Douglas, coast region 34
Jee 57 Hem fir 28
Iron Cak, commercial reds and whites 47
Cast +30 Pine, southemn yeilow 31
Wrought 48 Redwood 28
Spruca red, white, and Stika 19
Wesiern hemlock 12
Zine rolled sheet a59

*Tabulated values apply 1o s0hd masensy and o the sohid portion of hollow masonry
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Table C3-2
Minimum Densines for Design Loads from Matenals

Load
\alenal (hN/m’) Matenal
Aluminurm 179 Lead
Biuminous products Lime
Asphaltum 12.7 Hydrated. loose
CGraphite 212 Hydrated, compacted
Parafin 8 Masonry. Ashlar Stone
Peoleum, crude 36 Gramie
Petroleum, refined 19 Limesione, crystailine
Petroleum, benzine 72 Limesione oolibe
Pemroicumn, gasciing 66 Marble
Pich 108 Sandsione
Tar s Masonry, Brick
Brass B2.6 Hard (Jow absorbtion)
Bronze 85.7 Medium (medium absarbhon)
Cast-sione masonry (cement. stone, sand) 226 Soft (tugh absorbuon}
Cement. portland, loase 141 Masgnry, Concrete®
Ceramic nle 236 Laghtweight units
Charcoal 19 Medm weight unmts
Cinder il 90 Normal weight unus
Cinders, dry, 1n butk 71 Masonry Grour
Coal Masonry, Rubble Srone
Anthracie, prled 8.2 Cranite
Bitumnouys, piled 74 Limestone, crvsialline
Lignite, piled 74 Limestone, oolibe
Peat, dry, prled 36 Marble
Comerete, plan Sandstone
Cinder [7a Muonar, cement or hme
Expanded-slag aggregaie t57 Particleboard
Haydite (burned-clay aggregate) 141 Prywood
Slag 07 Riprap (Mot submerged)
Stone (ncluding gravei) 26 Limestene
Vermizubite and perlit: zggregare. nonload-beanng 3979 Sandstone
(nher hight ageregare, load-beanng 110-1635 Sand
Concrete, Reinforced Clean and dry
Cinder 174 Rover, dry
Stag 27 Stag
Stone {including gravei) 236 Bank
Copper 873 Bank screemings
Cork, compressed 22 Machme
Eaph (not submerged) Sand
Clay, dry 99 Slate
Clay, damp §73 Steel, cold-dravwm
Clay and grave] drv 13.7 Stone, Quamed. Prled
Stlt, monst, loose 123 Basalt, granite. greiss
Silt, menst, packed 131 Limestone, marble, quarz
Silt, flowing 170 Sandstone
Sand and gravel, dry, loase 157 Shale
Sangd and gravel dry, packed 173 Gresnsione. homnblende
Sand and gravel, wet 139 Terra Cotta, Architectural
Earth (submerged) Vonds filled
Clay 26 Voids unfilled
Sail ne Tin
Raver mud 141 Water
Sand or gravel 33 Fresh
Sand or gravel and clay 102 Sea
Glass 5.1 Wood, Seasoned
Gravel, dry 16.3 Ash, commaal wiiic
Gypsum, Joose 1.0 Cypress, southem
Gypsum, wailboard 79 Fir, Douglas, coast region
Ice 30 Hem fir
[ron Oak, commercial reds and whites
Cast 0T Pine, southern yellow
Wrought 754 Redwood

Spruce, r=d. white, and Suka
Wesiern hemleck
Zinc, relled sheet

*Tabutated values apply 10 s0hd masonry and to the solid porion of hollow masonry
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C4. rave Loads
C4.2 Uniformly Distributed Loads

C4.2.1 Required Live Loads. A selected list of loads for
occupancies and uses more commonty encouniered is given
in 4.2 |, and the authonity having junsdiction should
apprave on occupancies not mentiened Tables C4-1 and
C4-2 are offered as a gwae in the exercise of such
authorty.

In selecting the occupancy and use for the design of a
building or a structure, the building owner should consider
the possibility of later changes of occupancy invelving
loads heavier than onginally contemplated. The lighter
loading appropniate te the first occupancy should not
necessartly be selected  The buiiding owner should ensure
that a live load ereater than that for which a floor or roof1s
approved by the authonty having junsdiction is not placed.
or caused or permitted to be placed. on any floor or roof of
a building or other structure

In order to solicit specific informed opinion regarding the
design leads i Table 4-1, a panel of 23 disunguished
structural engmeers was selected A Delphi [1] was
conducted with this panet in which design values and
supporting reasons were requested for each occupancy
type The informanon was summarized and recireulated
back to the panet members for a second round of
responses, those occupancies for which previous design
leads were reaffirmed as well as those for which there was
consensus for change, were included

{115 well known that the flogr loads measured 1n a hve-joad
survey usualiy are well below present design values
[2,3.4.3}. However, buildings must be designed 10 zesist the
maximum loads they are likely to be subjected 1o dunng
some reference perica T, frequently taken as 50 vears
Table C4-2 briefls summarnzes how lead survey data are
combined with a theorencal anahy sis of the load process for
some common occupancy types and itiustrates how a
design load maght be selected for an eccupancy not
specified in Table 4-1 [6] The floor load normally present
for the intended functions of a given cecupancy is referred
to as the sustaired load This load 1s modeied as consiant
unli a changs m tenant or dccupancy Type occurs. A
live-load sunev provides the stansucs of the sustained
load. Table C4-2 gives the mean, m,, and standard
deviation, o.. for particular reference areas. In addition o
the sustained {oad. a building 1s likely 10 be subjecied 1o a
number of relatively short-duration, high-intensity,
extraordipary or transient loading events (due to crowding
in special of emergency circumsiances, concentrations
during remedeling, and the Lke)} Limited survey
mformation and theoretical considerations lead to the
means, m,, and standard deviations, o, of single fransient
loads shown in Table C4-2

Combinauon of the sustamed |oad and transient load
processes. with due regard for the probatmbinies of
accurrence. leads 10 stausiics of the maximum toral load
during a specified reference period T The staustics of the
maxamunt total load depend on the average duration of an
individual tenancy . T. the mean rate of occurrence of the
transient load. v.. and the reference period, T Mean values
are given 1n Table C4-2 The mean of the maxumum load is
simalar. i most cases, to the Table 4-1 values of mimmum
untformly distnibuted live loads and, in general, is a
switabie design value.

C4.3 Concentrated Loads

C4.3.1 Accessible Roof-Supporting Members. The
provision regarding concentrated loads supported by reof
trusses or other pnimary roof members 15 intended to
provade for a commeon situauoen for which specific
requirements are generally lacking

(4.4 Loads orn Handrails, Guardrad Systems, Grab Bar
Systems and Vehicle Barrier Systems

C44.2 Loads

(2) Loads that can be expected to occur on handrail and
guardra:l sysiems are highly dependent on the use and
occupancy of the protected area  For cases 1in which
extreme loads can be arucipated. such as long swaight runs
of guardrail sysiems against which crowds can surge, '
appropriate increases in loading shall be considered

{t} When grab bars are provided for use by persons with
phy sical disabilities the design is governed by CABO
AlE7 Accessible and Usable Buildings and Faciluies

{c) Vehicle barmer systems may be subjected to honzontal
ivads fram moving vehicles. These horizontal loads may
be applied normal 1o the plaie of the barmer system.
parallel to the plane of the barrier system, or at any
inermeciate angle Loads in garages accommodating
trucks and buses may be obtained from the pravisions
contained in Standard Specificauons for Highway Bridges,
1989, The Amenican Associauion of State Highway and
Transponation Officials

(d) Thas provision 1s introduced to the standard in 1998 and
1s conststent with the provisions for stairs

(e} Side rail extensions of fixed ladders are often flexible
and « eak n the lateral direction. OSHA (CFR 1910)
requires side rail extensions. with spectfic geomertnc
requirements oaly. The load provided 1s introduced to the
standard in 1998, and has been determined on the basis of a
230 1b. person standing on 2 ning of the ladder, and
accounting for reasonable angles of pull on the rail
¢vlension
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C4.6 Partial Loadpg. 1t 15 intended that the full intensity
of the appropriately reduced bive 1oad over poruions of the
structure or member be considered, as well as a [ive load of
the same intensity gver the full length of the structure or
mermber.

Partial-length loads on a simple beam or truss will produce
higher shear on a poruon of the span than a full-length
load ‘Checkerboard’ loadings on multistonied, multipanel
bents will produce higher positive moments than full loads.
while loads on exther side of a support will produce greater
negative moments, Loads on the half span of arches and
domes or on the two central quarters can be critical, For
roofs, all probable load parterns shouid be considered.
Cantilevers cannot rely on a possible hive load on the
ancher span for equilibrium.

€4.7 Impact Loads. Grandstands. stadiums, and similar
assembly structures may be subjecied to loads caused by
crowds swax1ng in unison. jump:mng o s feet. or stomping.
Designers are castioned that the possibility of such loads
should be considered

4.8 Reduction in Live Loads

Ci.8.1Ceneral. The concept of, and methods for,
determining member live load reductions as a funcuon of a
loaded member's influence area. 4, was first iIntroduced
into this standard in 1982 and was the first such change
since the concept of live load reduction was 1introduced
over 40 vears ago The revised formeula is a result of more
extensive survey data and theoretical analysis {7]. The
change in format to a reduction multipher results 1n a
formula that 1s simple and more convenient to use. The use
of influence area , now defined as a function of the
tributary area. A;, in a single equation has been shown to
give more consistent relabilin for the varicus structural
effects The influence area 15 defined as that floor area over
whach the influence surface for structural effects 1s
significantly different from zero

The factor K, 15 the ratio of the influence area (4,) of 2
member to 1S tnbutary area {4,). 12 ' K, = A/4; and s
used to better define the influence area of a member as a
function of 115 tnbutary area  Fig C4 illusirates typical
influence areas and tributary areas for a structure with
regular bay spacings Table 4-2 has established K|; values
{denved from calculated K values) o be used in Eq 4-1
for a vartety of structural members and configurations.
Calculated K, values vary for column and beam members
having adjacent cantilever construction, as is shown n Fig.
C4, and the Table 4-2 values have been set for these cases
to result in live load reductions which are shghtly
conservative. For unusual shapes, the concept of
significant influence effect should be applied

An example of a2 member without provisions for
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continuous shear transfer normal to 15 span would be a
precast T-beam or double-T beam which may have an
expansion Joint along cne or both flanges, or which may
have only imermintent weld tabs along the edges of the
flanges. Such members do not have the ability to share
loads located within their tributary areas with adjacent
members. thus resuiing in Ky, = | for these types of
members.

Reductions are permissible for two-way slabs and for
bearns, but care should be taken in defining the appropria
influence area. For multiple floors, areas for members
supporting more than one floor are summed.

The formula provides a continuous transiuon from
unreduced to reduced loads. The smallest allowed value ¢
the reduction multiplier is 0.4 (providing a maximum 60°
reduction}, but there is a mimmmum of 0.5 (providing a 50
reduction) for members with a contributory load from jus
one floor.

C4.8.2 Heavy Live Loads. In the case of occupancies
involving relatively heavy basic live loads, such as storag
buildings, several adjacent floor panels may be fully
loaded However, data obtamned in actual baitdings indica
that rarely 1s any story leaded with an average actual live
load of more than 80% of the average rated live Joad. It
appears that the basic live load should not be reduced for
the floor-and-beam design. but that it could be reduced a
flat 20% for the design of members supporting more than
one floor Accordinglv. this principle has been
incorporated in the recommended requirement.

C4.9 Minimum Roef Live Loads

C4.9.1 Flat, Pitched, and Curved Roofs. The values
specified in Eq.4-1 that act vertically apon the projected
area have been selected as mimmum roof Live loads, even
m locahties where hule or no spowfall occurs Thas is
because it i5 considered necessary i provide for occasion
[oading due o the presence of workers and matenials
during repair operations

4.9.2 Special Purpose Roofs. Designers should consic
any additional dead loads that may be imposed by saturat
landscaping materials. Special purpose or occupancy roo
hve loads may be reduced in accordance with the
requirements of Section 4.8

C4.10 Crane Loads. All support components of moving
bridge cranes and monorail cranes, including runway
beams, brackets, bracing, and connections, shall be
designed to support the maximum wheel load of the crane
and the vertical impact lateral, and longitudinal forces
mduced by the moving cranz. Also, the runway beams
shall be designed for crane stop forces  The methods for
determining these loads vary depending on the type of



crane svsiem and support  References {8 through i1)
desenbe types of brndge cranes and menorail eranes
Cranes described In these references 1nclude top running
bridge cranes with top runming trolley underhung bridge
cranes. and underhung monoral cranes  Reference [12)
orves more stringent requirements for crane runway design
that are more appropriate for hrgher capacity or higher
speed crane sysiems.
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Minunum Umformly Distributed Live Loads

Live Load Live Loat
Occupancy or use Ib/ft? {kN/m?) Occupancy or use 1B/t (kN/n
Asr-condimioning {machine space) 200* (9 58) Laboratories, scienufic 100479
Amusement park structure 100* (4 79} Laundries 150* (7 1t
Attic Nonresidential Libranes. comdors 80* (382
Nonstorage 23(1 2 Manufactuning,. 1ce 300 (14 3¢
Storage 20* (3 83) Morgue 125 (6.00
Bakery 150 (7 18) Office Bmldings
Exterior 100 (4 79 Business machine equipment 100* (4.7¢
intenor (fixed seats) 60 (28T Files (see file room)
intenor (movable saats 100 (4.79) Printing Plants
Boathouse, floors 100* (4.79) Compuosing rooms 100 {4.79
Bouier room. framed 300* (84 36) Linotype rooms 100 (4.7%
Droadcasting studio 100 (4 79) Paper storage i
Carwalks 25(12Mm Press rooms 150* (7 1%
Ceiling, accessibie furred 104 (0 1%) Public rooms 100 (479
Cold Siorage Ratlroad racks 1
MNo overhead system 2501 (1197 Ramps
Overhead svslem Driveway (see garages)
Floor 130719 Pedestnan (see sidewalks and comidors in Table 2)
Roof 23011 an Seaplane {sec hangars)
Computer equipment [50* (7 1%} Rest rooms 60 (2.87)
Courtooms 30-100(240-479}  Rinks
Dormtones lce Skaung 30 9
Nonpartiioned 20385 Roller skating 100 (4 79
Paruitioned 40 (19N Storage. hay or grain 300* (143
Elevator machine room [50% (7 15) Telephore exchanze E50* {7 It
Fan room 1307 (7 1) Theaters
File room Dressing rooms 40(192)
Duplicabing equipment E50* {7 13) Gnd-tron floor or fly gallery
Card 125 {6 00} Graung &0 (2.37)
Lerter 80" (3 83 Well heams 250 tb/ft per parr
Foundries 600= (28 73 Header bearns, 1000 1b/ft
Fuel rooms, framed 4001913 Pinrald, 230 b/t
Garages - trucks § Projection room 100 (4 7%
Greenhouses 130 (7 1% Toilet rooms 60{2 87;
Hangars 1305(7 1%) Transformer rooms 200* (3.5
Incinerator charging flooc 100 (3 ™ Vauls, 1 offices 2507 (115

Kitchens, other than domesuc

130% (7 i)

* Use weight of acual equipment or stored matenial when greater

¥ Plus 130 [/R¥ (7 18 kN/m®) for tucks,

§ Usc Amencan Association of State Highway and Transportaton Officiafs line loads  Also subject ro not less than 100% maximum axle load.

"* Paper storage 50 Ibvit (2 40 kN/m™) of clear stony herght

+3 As required by ralroad company.

# Actessible cerlings nomally are not designed 10 support persans. The vaiwe m this table is intended to account for occasional light sorage or suspension of ems  If n

necessary 16 support the weight of mamtenance persannel, ths shall be presded for.
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Table C4-2
Typical Live Load Statistics

Survey Load Transient Load Temporal Constants Mean
max\mum
Occupancy m, a9, m,* c* 7,1 vt 73 load*
ar use Tb/t* (KNST) Ift? (KIrm?) b/ fi* (kN/m®) 1Dt (hNrm?) (years) {per year) {years Ib/ft- (hN/m®)
Office busldings
offices 109 (052) 39(028) 8.0(0 38) 521039 8 1 S0 53{(263)
Residential
renier occupied &0 (029) 26012 6.0 (0 29) 66(032) 2 i 50 36 (1.72)
awner occupled 65.0(C29) 2.6(012) 60 (029) 66(032) 10 i 30 38182
Hotels
guest rooms 45(0622) 12{006) 69 (029) 2 §028) 3 20 30 46 {2 2)
Schools
classrooms 1204037 2.7{013) 69{03% 334016} 1 1 100 34¢163)

* For 200-fi* (18 58 m7} area except 1000 & (92 9 m7) for schools
t Durauon of average sustained load occupancy

1 Mean rate of occurrence of ransient load

§ Reference period.



