
CHAPTER 16 

STRUCTURAL DESIGN 

SECTION 1601

GENERAL


1601.1 Scope. The pro vi sions of this chap ter shall gov ern the 
struc tural design of build ings, struc tures and por tions thereof 
reg u lated by this code. 

SECTION 1602

DEFINITIONS


1602.1 Def i ni tions. The fol low ing words and terms shall, for 
the pur poses of this chap ter, have the mean ings shown herein. 

ALLOW ABLE STRESS DESIGN. A method of pro por tion­
ing struc tural mem bers, such that elas ti cally com puted stresses 
pro duced in the mem bers by nom i nal loads do not exceed spec-
i fied allow able stresses (also called “work ing stress design”). 

BAL CONY, EXTE RIOR. An exte rior floor pro ject ing from 
and sup ported by a struc ture with out addi tional inde pend ent 
sup ports. 

BASE SHEAR. Total design lat eral force or shear at the base. 

BASIC SEIS MIC-FORCE-RESISTING SYS TEMS. 

Bear ing wall sys tem. A struc tural sys tem with out a com­
plete ver ti cal load-car ry ing space frame. Bear ing walls or 
brac ing el e ments pro vide sup port for sub stan tial ver ti cal 
loads. Seis mic lat eral force re sis tance is pro vided by shear 
walls or braced frames. 

Build ing frame sys tem. A struc tural sys tem with an es sen­
tially com plete space frame pro vid ing sup port for ver ti cal 
loads. Seis mic lat eral force re sis tance is pro vided by shear 
walls or braced frames. 

Dual sys tem. A struc tural sys tem with an es sen tially com ­
plete space frame pro vid ing sup port for ver ti cal loads. Seis ­
mic lat eral force re sis tance is pro vided by a mo ment frame 
and shear walls or braced frames. 

In verted pen du lum sys tem. A struc ture with a large por ­
tion of its mass con cen trated at the top; there fore, hav ing es­
sen tially one de gree of free dom in hor i zon tal trans la tion. 
Seis mic lat eral force re sis tance is pro vided by the col umns 
act ing as can ti le vers. 

Mo ment-re sist ing frame sys tem. A struc tural sys tem with 
an es sen tially com plete space frame pro vid ing sup port for 
ver ti cal loads. Seis mic lat eral force re sis tance is pro vided by 
mo ment frames. 

Shear wall-frame in ter ac tive sys tem. A struc tural sys tem 
which uses com bi na tions of shear walls and frames de­
signed to re sist seis mic lat eral forces in pro por tion to their 
ri gid i ties, con sid er ing in ter ac tion be tween shear walls and 
frames on all lev els. Sup port of ver ti cal loads is pro vided by 
the same shear walls and frames. 

BOUND ARY MEM BERS. Strengthened por tions along 
shear wall and dia phragm edges (also called “bound ary ele­
ments”). 

Bound ary el e ment. In light-frame con struc tion, di a­
phragms and shear wall bound ary mem bers to which 
sheath ing trans fers forces. Bound ary el e ments in clude 
chords and drag struts at di a phragm and shear wall per im e­
ters, in te rior open ings, dis con ti nu ities and reentrant cor­
ners. 

CAN TI LE VERED COL UMN SYS TEM. A struc tural sys­
tem rely ing on col umn ele ments that can ti le ver from a fixed 
base and have min i mal rota tional resis tance capac ity at the top 
with lat eral forces applied essen tially at the top and are used for 
lat eral resis tance. 

COL LEC TOR ELE MENTS. Mem bers that serve to trans fer 
forces between floor dia phragms and mem bers of the lat­
eral-force-resist ing sys tem. 

CON FINED REGION. The por tion of a rein forced con crete 
com po nent in which the con crete is con fined by closely spaced 
spe cial trans verse rein force ment restrain ing the con crete in 
direc tions per pen dic u lar to the applied stress. 

DEAD LOADS. The weight of mate ri als of con struc tion 
incor po rated into the build ing, includ ing but not lim ited to 
walls, floors, roofs, ceil ings, stair ways, built-in par ti tions, fin ­
ishes, clad ding and other sim i larly incor po rated archi tec tural 
and struc tural items, and fixed ser vice equip ment, includ ing 
the weight of cranes. All dead loads are con sid ered per ma nent 
loads. 

DECK. An exte rior floor sup ported on at least two oppos ing 
sides by an adja cent struc ture, and/or posts, piers or other inde­
pend ent sup ports. 

DEFORMABILITY. The ratio of the ulti mate defor ma tion to 
the limit defor ma tion. 

High deformability el e ment. An el e ment whose 
deformability is not less than 3.5 when sub jected to four 
fully re versed cy cles at the limit de for ma tion. 

Limited deformability el e ment. An el e ment that is nei ther 
a low deformability or a high deformability el e ment. 

Low deformability el e ment. An el e ment whose 
deformability is 1.5 or less. 

DEFOR MA TION. 

Limit de for ma tion. Two times the ini tial de for ma tion that 
oc curs at a load equal to 40 per cent of the max i mum 
strength. 

Ul ti mate de for ma tion. The de for ma tion at which fail ure 
oc curs and which shall be deemed to oc cur if the sus tain able 
load re duces to 80 per cent or less of the max i mum strength. 

DESIGN STRENGTH. The prod uct of the nom i nal strength 
and a resis tance fac tor (or strength reduc tion fac tor). 
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DIA PHRAGM. A hor i zon tal or sloped sys tem act ing to trans ­
mit lat eral forces to the ver ti cal-resist ing ele ments. When the 
term “dia phragm” is used, it shall include hor i zon tal brac ing 
sys tems. 

Di a phragm, blocked. In light-frame con struc tion, a di a­
phragm in which all sheath ing edges not oc cur ring on a  
fram ing mem ber are sup ported on and fas tened to block ing. 

Di a phragm bound ary. In light-frame con struc tion, a lo ca­
tion where shear is trans ferred into or out of the di a phragm 
sheath ing. Trans fer is ei ther to a bound ary el e ment or to an­
other force-re sist ing el e ment. 

Di a phragm chord. A di a phragm bound ary el e ment per-
pen dic u lar to the ap plied load that is as sumed to take ax ial 
stresses due to the di a phragm mo ment. 

Di a phragm, flex i ble. A di a phragm is flex i ble for the pur ­
pose of dis tri bu tion of story shear and tor sional mo ment 
when the com puted max i mum in-plane de flec tion of the di­
a phragm it self un der lat eral load is more than two times the 
av er age drift of ad join ing ver ti cal el e ments of the lat­
eral-force-re sist ing sys tem of the as so ci ated story un der 
equiv a lent trib u tary lat eral load (see Sec tion 1617.5.3). 

Di a phragm, rigid. A di a phragm is rigid for the pur pose of 
dis tri bu tion of story shear and tor sional mo ment when the 
lat eral de for ma tion of the di a phragm is less than or equal to 
two times the av er age story drift. 

DURA TION OF LOAD. The period of con tin u ous appli ca­
tion of a given load, or the aggre gate of peri ods of inter mit tent 
appli ca tions of the same load. 

ELE MENT. 

Duc tile el e ment. An el e ment ca pa ble of sus tain ing large 
cy clic de for ma tions be yond the at tain ment of its nom i nal 
strength with out any sig nif i cant loss of strength. 

Limited duc tile el e ment. An el e ment that is ca pa ble of sus­
tain ing mod er ate cy clic de for ma tions be yond the at tain­
ment of nom i nal strength with out sig nif i cant loss of 
strength. 

Nonductile el e ment. An el e ment hav ing a mode of fail ure 
that re sults in an abrupt loss of re sis tance when the el e ment 
is de formed be yond the de for ma tion cor re spond ing to the 
de vel op ment of its nom i nal strength. Nonductile el e ments 
can not re li ably sus tain sig nif i cant de for ma tion be yond that 
at tained at their nom i nal strength. 

EQUIP MENT SUP PORT. Those struc tural mem bers or 
assem blies of mem bers or man u fac tured ele ments, includ ing 
braces, frames, lugs, snuggers, hang ers or sad dles, that trans ­
mit grav ity load and oper at ing load between the equip ment and 
the struc ture. 

ESSEN TIAL FACIL ITIES. Build ings and other struc tures 
that are intended to remain oper a tional in the event of extreme 
envi ron men tal load ing from flood, wind, snow or earth quakes. 

FAC TORED LOAD. The prod uct of a nom i nal load and a load 
fac tor. 

FLEX I BLE EQUIP MENT CON NEC TIONS. Those con­
nec tions between equip ment com po nents that per mit rota tional 

and/or translational move ment with out deg ra da tion of per for­
mance. 

FRAME. 

Braced frame. An es sen tially ver ti cal truss, or its equiv a-
lent, of the con cen tric or ec cen tric type that is pro vided in a 
build ing frame sys tem or dual sys tem to re sist lat eral forces. 

Con cen trically braced frame (CBF). A braced frame in 
which the mem bers are sub jected pri mar ily to ax ial forces. 

Ec cen trically braced frame (EBF). A di ag o nally braced 
frame in which at least one end of each brace frames into a 
beam a short dis tance from a beam-col umn or from an other 
di ag o nal brace. 

Or di nary con cen tri cally braced frame (OCBF). A steel 
con cen tri cally braced frame in which mem bers and con nec­
tions are de signed in ac cor dance with the pro vi sions of 
AISC Seis mic with out mod i fi ca tion. 

Spe cial con cen tri cally braced frame (SCBF). A steel or 
com pos ite steel and con crete con cen tri cally braced frame in 
which mem bers and con nec tions are de signed for duc tile 
be hav ior. 

Mo ment frame. A frame in which mem bers and joints re ­
sist lat eral forces by flex ure as well as along the axis of the 
mem bers. Mo ment frames are cat e go rized as “in ter me di ate 
mo ment frames” (IMF), “or di nary mo ment frames” (OMF), 
and “spe cial mo ment frames” (SMF). 

GUARD. See Sec tion 1002.1. 

IMPACT LOAD. The load result ing from mov ing machin ery, 
ele va tors, craneways, vehi cles and other sim i lar forces and 
kinetic loads, pres sure and pos si ble sur charge from fixed or 
mov ing loads. 

JOINT. A por tion of a col umn bounded by the high est and low­
est sur faces of the other mem bers fram ing into it. 

LIMIT STATE. A con di tion beyond which a struc ture or 
mem ber becomes unfit for ser vice and is judged to be no lon ger 
use ful for its intended func tion (ser vice abil ity limit state) or to 
be unsafe (strength limit state). 

LIVE LOADS. Those loads pro duced by the use and occu­
pancy of the build ing or other struc ture and do not include con­
struc tion or envi ron men tal loads such as wind load, snow load, 
rain load, earth quake load, flood load or dead load. 

LIVE LOADS (ROOF). Those loads pro duced (1) dur ing 
main te nance by work ers, equip ment and mate ri als; and (2) dur­
ing the life of the struc ture by mov able objects such as plant ers 
and by peo ple. 

LOAD AND RESIS TANCE FACTOR DESIGN (LRFD). A 
method of pro por tion ing struc tural mem bers and their con nec­
tions using load and resis tance fac tors such that no appli ca ble 
limit state is reached when the struc ture is sub jected to appro ­
pri ate load com bi na tions. The term “LRFD” is used in the 
design of steel and wood struc tures. 

LOAD FACTOR. A fac tor that accounts for devi a tions of the 
actual load from the nom i nal load, for uncer tain ties in the anal-
y sis that trans forms the load into a load effect, and for the prob­
a bil ity that more than one extreme load will occur 
simul ta neously. 
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LOADS. Forces or other actions that result from the weight of 
build ing mate ri als, occu pants and their pos ses sions, envi ron­
men tal effects, dif fer en tial move ment and restrained dimen­
sional changes. Per ma nent loads are those loads in which 
vari a tions over time are rare or of small mag ni tude, such as 
dead loads. All other loads are vari able loads (see also “Nom i­
nal loads”). 

LOADS EFFECTS. Forces and defor ma tions pro duced in 
struc tural mem bers by the applied loads. 

NOM I NAL LOADS. The mag ni tudes of the loads spec i fied in 
this chap ter (dead, live, soil, wind, snow, rain, flood and earth ­
quake). 

NOTA TIONS. 

D = Dead load. 

E = Com bined ef fect of hor i zon tal and ver ti cal earth quake-
in duced forces as de fined in Sec tions 1616.4.1 and 
1617.1. 

Em = Max i mum seis mic load ef fect of hor i zon tal and ver ti­
cal seis mic forces as set forth in Sec tions 1616.4.1 and 
1617.1. 

F = Load due to flu ids. 

Fa = Flood load. 

H = Load due to lat eral pres sure of soil and wa ter in soil. 

L = Live load, ex cept roof live load, in clud ing any per mit­
ted live load re duc tion. 

Lr = Roof live load in clud ing any per mit ted live load re duc­
tion. 

P = Ponding load. 

R = Rain load. 

S = Snow load. 

T = Self-strain ing force aris ing from con trac tion or ex pan­
sion re sult ing from tem per a ture change, shrink age, 
mois ture change, creep in com po nent ma te ri als, move­
ment due to dif fer en tial set tle ment or com bi na tions 
thereof. 

W = Load due to wind pres sure. 

OTHER STRUC TURES. Struc tures, other than build ings, for 
which loads are spec i fied in this chap ter. 

P-DELTA EFFECT. The sec ond order effect on shears, axial 
forces and moments of frame mem bers induced by axial loads 
on a lat er ally dis placed build ing frame. 

PANEL (PART OF A STRUC TURE). The sec tion of a floor, 
wall or roof com prised between the sup port ing frame of two 
adja cent rows of col umns and gird ers or col umn bands of floor 
or roof con struc tion. 

RESIS TANCE FACTOR. A fac tor that accounts for devi a­
tions of the actual strength from the nom i nal strength and the 
man ner and con se quences of fail ure (also called “strength 
reduc tion fac tor”). 

SHAL LOW ANCHORS. Shal low anchors are those with 
embedment length-to-diam e ter ratios of less than eight. 

SHEAR PANEL. A floor, roof or wall com po nent sheathed to 
act as a shear wall or dia phragm. 

SHEAR WALL. A wall designed to resist lat eral forces par al­
lel to the plane of the wall. 

SPACE FRAME. A struc ture com posed of inter con nected 
mem bers, other than bear ing walls, that is capa ble of sup port­
ing ver ti cal loads and that also may pro vide resis tance to seis ­
mic lat eral forces. 

SPE CIAL TRANS VERSE REIN FORCE MENT. Rein­
force ment com posed of spi rals, closed stir rups or hoops and 
sup ple men tary cross ties pro vided to restrain the con crete and 
qual ify the por tion of the com po nent, where used, as a con fined 
region. 

STRENGTH, NOM I NAL. The capac ity of a struc ture or 
mem ber to resist the effects of loads, as deter mined by com pu­
ta tions using spec i fied mate rial strengths and dimen sions and 
equations derived from accepted prin ci ples of struc tural 
mechan ics or by field tests or lab o ra tory tests of scaled mod els, 
allow ing for mod el ing effects and dif fer ences between lab o ra­
tory and field con di tions. 

STRENGTH, REQUIRED. Strength of a mem ber, cross sec­
tion or con nec tion required to resist fac tored loads or related 
inter nal moments and forces in such com bi na tions as stip u lated 
by these pro vi sions. 

STRENGTH DESIGN. A method of pro por tion ing struc tural 
mem bers such that the com puted forces pro duced in the mem ­
bers by fac tored loads do not exceed the mem ber design 
strength [also called “load and resis tance fac tor design” 
(LRFD)]. The term “strength design” is used in the design of 
con crete and masonry struc tural ele ments. 

WALL, LOAD BEARING. Any wall meet ing either of the 
fol low ing clas si fi ca tions: 

1. Any metal or wood stud wall that sup ports more than 100 
pounds per lin ear foot (plf) (1459 N/m) of ver ti cal load in 
ad di tion to its own weight. 

2. Any ma sonry or con crete wall that sup ports more than 
200 plf (2919 N/m) of ver ti cal load in ad di tion to its own 
weight. 

WALL, NONLOAD BEARING. Any wall that is not a  
load-bear ing wall. 

SECTION 1603

CONSTRUCTION DOCUMENTS


1603.1 Gen eral. Con struc tion doc u ments shall show the size, 
sec tion and rel a tive loca tions of struc tural mem bers with floor 
lev els, col umn cen ters and off sets fully dimensioned. The 
design loads and other infor ma tion per ti nent to the struc tural 
design required by Sec tions 1603.1.1 through 1603.1.8 shall be 
clearly indi cated on the con struc tion doc u ments for parts of the 
build ing or struc ture. 

Ex cep tion: Con struc tion doc u ments for build ings con­
structed in ac cor dance with the con ven tional light-frame 
con struc tion pro vi sions of Sec tion 2308 shall in di cate the 
fol low ing struc tural de sign in for ma tion: 

1. Floor and roof live loads. 
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2. Ground snow load, Pg. 

3. Ba sic wind speed (3-sec ond gust), miles per hour 
(mph) (km/hr) and wind ex po sure. 

4. Seis mic de sign cat e gory and site class. 

1603.1.1 Floor live load. The uni formly dis trib uted, con ­
cen trated and im pact floor live load used in the de sign shall 
be in di cated for floor ar eas. Live load re duc tion of the uni ­
formly dis trib uted floor live loads, if used in the de sign, 
shall be in di cated. 

1603.1.2 Roof live load. The roof live load used in the de­
sign shall be in di cated for roof ar eas (Sec tion 1607.11). 

1603.1.3 Roof snow load. The ground snow load, Pg, shall 
be in di cated. In ar eas where the ground snow load, Pg, ex ­
ceeds 10 pounds per square foot (psf) (0.479 kN/m2), the 
fol low ing ad di tional in for ma tion shall also be pro vided, re ­
gard less of whether snow loads gov ern the de sign of the 
roof: 

1. Flat-roof snow load, Pf. 

2. Snow ex po sure fac tor, Ce. 

3. Snow load im por tance fac tor, Is. 

4. Ther mal fac tor, Ct. 

1603.1.4 Wind de sign data. The fol low ing in for ma tion re­
lated to wind loads shall be shown, re gard less of whether 
wind loads gov ern the de sign of the lat eral-force-re sist ing 
sys tem of the build ing: 

1. Ba sic wind speed (3-sec ond gust), miles per hour 
(km/hr). 

2. Wind im por tance fac tor, IW, and build ing cat e gory. 

3. Wind ex po sure, if more than one wind ex po sure is uti­
lized, the wind ex po sure and ap pli ca ble wind di rec­
tion shall be in di cated. 

4. The ap pli ca ble in ter nal pres sure co ef fi cient. 

5. Com po nents and clad ding. The de sign wind pres­
sures in terms of psf (kN/m2) to be used for the de sign 
of ex te rior com po nent and clad ding ma te ri als not spe­
cif i cally de signed by the reg is tered de sign pro fes­
sional. 

1603.1.5 Earth quake de sign data. The fol low ing in for ma­
tion re lated to seis mic loads shall be shown, re gard less of 
whether seis mic loads gov ern the de sign of the lat­
eral-force-re sist ing sys tem of the build ing: 

1. Seis mic im por tance fac tor,	 IE, and seis mic use 
group. 

2. Mapped spec tral re sponse ac cel er a tions SS and S1. 

3. Site class. 

4. Spec tral re sponse co ef fi cients SDS and SD1. 

5. Seis mic de sign cat e gory. 

6. Ba sic seis mic-force-re sist ing sys tem(s). 

7. De sign base shear.

 8. Seis mic re sponse co ef fi cient(s), CS. 

9. Re sponse mod i fi ca tion fac tor(s), R. 

10. Anal y sis pro ce dure used. 

1603.1.6 Flood load. For build ings lo cated in flood haz ard 
ar eas as es tab lished in Sec tion 1612.3, the fol low ing in for­
ma tion, ref er enced to the da tum on the com mu nity’s Flood 
In sur ance Rate Map (FIRM), shall be shown, re gard less of 
whether flood loads gov ern the de sign of the build ing: 

1. In flood haz ard ar eas not sub ject to high-ve loc ity 
wave ac tion, the el e va tion of pro posed low est floor, 
in clud ing base ment. 

2. In flood haz ard ar eas not sub ject to high-ve loc ity 
wave ac tion, the el e va tion to which any non res i den tial 
build ing will be dry floodproofed. 

3. In flood haz ard ar eas sub ject to high-ve loc ity wave 
ac tion, the pro posed el e va tion of the bot tom of the 
low est hor i zon tal struc tural mem ber of the low est 
floor, in clud ing base ment. 

1603.1.7 Spe cial loads. Spe cial loads that are ap pli ca ble to 
the de sign of the build ing, struc ture or por tions thereof shall 
be in di cated along with the spec i fied sec tion of this code 
that ad dresses the spe cial load ing con di tion. 

1603.1.8 Sys tem and com po nents re quir ing spe cial in-
spec tions for seis mic re sis tance. Con struc tion doc u ments 
or spec i fi ca tions shall be pre pared for those sys tems and 
com po nents re quir ing spe cial in spec tion for seis mic re sis­
tance as spec i fied in Sec tion 1707.1 by the reg is tered de sign 
pro fes sional re spon si ble for their de sign and shall be sub­
mit ted for ap proval in ac cor dance with Sec tion 106.1. Ref ­
er ence to seis mic stan dards in lieu of de tailed draw ings is 
ac cept able. 

1603.2 Restric tions on load ing. It shall be unlaw ful to place, 
or cause or per mit to be placed, on any floor or roof of a build ­
ing, struc ture or por tion thereof, a load greater than is per mit ted 
by these require ments. 

1603.3 Live loads posted. Where the live loads for which each 
floor or por tion thereof of a com mer cial or indus trial build ing is 
or has been designed to exceed 50 psf (2.40 kN/m2), such 
design live loads shall be con spic u ously posted by the owner in 
that part of each story in which they apply, using dura ble signs. 
It shall be unlaw ful to remove or deface such notices. 

1603.4 Occu pancy per mits for changed loads. Con struc tion 
doc u ments for other than res i den tial build ings filed with the 
build ing offi cial with appli ca tions for per mits shall show on 
each draw ing the live loads per square foot (m2) of area cov ered 
for which the build ing is designed. Occu pancy per mits for 
build ings here af ter erected shall not be issued until the floor 
load signs, required by Sec tion 1603.3, have been installed. 

SECTION 1604

GENERAL DESIGN REQUIREMENTS


1604.1 Gen eral. Build ing, struc tures and parts thereof shall be 
designed and con structed in accor dance with strength design, 
load and resis tance fac tor design, allow able stress design, 
empir i cal design or con ven tional con struc tion meth ods, as per­
mit ted by the appli ca ble mate rial chap ters. 

1604.2 Strength. Build ings and other struc tures, and parts 
thereof, shall be designed and con structed to sup port safely the 
fac tored loads in load com bi na tions defined in this code with ­
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out exceed ing the appro pri ate strength limit states for the mate­
ri als of con struc tion. Alter na tively, build ings and other 
struc tures, and parts thereof, shall be designed and con structed 
to sup port safely the nom i nal loads in load com bi na tions 
defined in this code with out exceed ing the appro pri ate spec i­
fied allow able stresses for the mate ri als of con struc tion. 

Loads and forces for occu pan cies or uses not cov ered in this 
chap ter shall be sub ject to the approval of the build ing offi cial. 

1604.3 Ser vice abil ity. Struc tural sys tems and mem bers 
thereof shall be designed to have ade quate stiff ness to limit 
deflec tions and lat eral drift. See Sec tion 1617.3 for drift lim its 
appli ca ble to earth quake load ing. 

1604.3.1 De flec tions. The de flec tions of struc tural mem­
bers shall not ex ceed the more re stric tive of the lim i ta tions 
of Sec tions 1604.3.2 through 1604.3.5 or that per mit ted by 
Ta ble 1604.3. 

1604.3.2 Re in forced con crete. The de flec tion of re in forced 
con crete struc tural mem bers shall not ex ceed that per mit ted 
by ACI 318. 

1604.3.3 Steel. The de flec tion of steel struc tural mem bers 
shall not ex ceed that per mit ted by AISC LRFD, AISC HSS, 
AISC 335, AISI -NASPEC, AISI-Gen eral, AISI-Truss, 
ASCE 3, ASCE 8-SSD-LRFD/ASD, and the stan dard spec ­
i fi ca tions of SJI Stan dard Spec i fi ca tions, Load Ta bles and 
Weight Ta bles for Steel Joists and Joist Girders as ap pli ca­
ble. 

1604.3.4 Ma sonry. The de flec tion of ma sonry struc tural 
mem bers shall not ex ceed that per mit ted by ACI 530/ASCE 
5/TMS 402. 

1604.3.5 Alu mi num. The de flec tion of alu mi num struc­
tural mem bers shall not ex ceed that per mit ted by AA-94. 

1604.3.6 Limits. De flec tion of struc tural mem bers over 
span, l, shall not ex ceed that per mit ted by Ta ble 1604.3. 

1604.4 Anal y sis. Load effects on struc tural mem bers and their 
con nec tions shall be deter mined by meth ods of struc tural anal ­
y sis that take into account equi lib rium, gen eral sta bil ity, geo ­
met ric com pat i bil ity and both short- and long-term mate rial 
prop er ties. 

Mem bers that tend to accu mu late resid ual defor ma tions 
under repeated ser vice loads shall have included in their anal y­
sis the added eccen tric i ties expected to occur dur ing their ser ­
vice life. 

Any sys tem or method of con struc tion to be used shall be 
based on a ratio nal anal y sis in accor dance with well-estab­
lished prin ci ples of mechan ics. Such anal y sis shall result in a 
sys tem that pro vides a com plete load path capa ble of trans fer-
ring loads from their point of ori gin to the load-resist ing ele ­
ments. 

The total lat eral force shall be dis trib uted to the var i ous ver ti­
cal ele ments of the lat eral-force-resist ing sys tem in pro por tion 
to their rigid i ties con sid er ing the rigid ity of the hor i zon tal brac­
ing sys tem or dia phragm. Rigid ele ments that are assumed not 
to be a part of the lat eral-force-resist ing sys tem shall be per mit­
ted to be incor po rated into build ings pro vided that their effect 

STRUCTURAL DESIGN 

on the action of the sys tem is con sid ered and pro vided for in 
design. Pro vi sions shall be made for the increased forces 
induced on resist ing ele ments of the struc tural sys tem result ing 
from tor sion due to eccen tric ity between the cen ter of appli ca­
tion of the lat eral forces and the cen ter of rigid ity of the lat­
eral-force-resist ing sys tem. 

Every struc ture shall be designed to resist the over turn ing 
effects caused by the lat eral forces spec i fied in this chap ter. See 
Sec tion 1609 for wind, Sec tion 1610 for lat eral soil loads and 
Sec tions 1613 through 1623 for earth quake. 

TABLE 1604.3

DEFLECTION LIMITSa, b, c, h, i


CONSTRUCTION L S or W f D + Ld,g 

Roof members:e 

Supporting plaster ceiling 
Supporting nonplaster ceiling 
Not supporting ceiling 

l/360 
l/240 
l/180 

l/360 
l/240 
l/180 

l/240 
l/180 
l/120 

Floor members l/360 — l/240 

Exterior walls and interior partitions:
 With brittle finishes
 With flexible finishes 

— 
— 

l/240 
l/120 

— 
— 

Farm buildings — — l/180 

Greenhouses — — l/120 

For SI: 1 foot = 304.8 mm. 
a. For struc tural roof ing and sid ing made of formed metal sheets, the to tal load 

de flec tion shall not ex ceed l/60. For sec ond ary roof struc tural mem bers sup ­
port ing formed metal roof ing, the live load de flec tion shall not ex ceed l/150. 
For sec ond ary wall mem bers sup port ing formed metal sid ing, the de sign 
wind load de flec tion shall not ex ceed l/90. For roofs, this ex cep tion only ap­
plies when the metal sheets have no roof cov er ing. 

b. In te rior par ti tions not ex ceed ing 6 feet in height and flex i ble, fold ing and 
por ta ble par ti tions are not gov erned by the pro vi sions of this sec tion. The 
de flec tion cri te rion for in te rior par ti tions is based on the hor i zon tal load de­
fined in Sec tion 1607.13. 

c. See Sec tion 2403 for glass sup ports. 
d. For wood struc tural mem bers hav ing a mois ture con tent of less than 16 per ­

cent at time of in stal la tion and used un der dry con di tions, the de flec tion re ­
sult ing from L + 0.5D is per mit ted to be sub sti tuted for the de flec tion 
re sult ing from L + D. 

e. The above de flec tions do not en sure against ponding. Roofs that do not have 
suf fi cient slope or cam ber to as sure ad e quate drain age shall be in ves ti gated 
for ponding. See Sec tion 1611 for rain and ponding re quire ments and Sec ­
tion 1503.4 for roof drain age re quire ments. 

f. The wind load is per mit ted to be taken as 0.7 times the “com po nent and clad­
ding” loads for the pur pose of de ter min ing de flec tion lim its herein. 

g. For steel struc tural mem bers, the dead load shall be taken as zero. 
h. For aluminum struc tural mem bers or alu mi num pan els used in roofs or walls 

of sun room ad di tions or pa tio cov ers, not sup port ing edge of glass or alu mi­
num sand wich pan els, the to tal load de flec tion shall not ex ceed l/60. For alu ­
mi num sand wich pan els used in roofs or walls of sun room ad di tions or pa tio 
cov ers, the to tal load de flec tion shall not ex ceed l/120. 

i. For can ti le ver mem bers, l shall be taken as twice the length of the can ti le ver. 

1604.5 Impor tance fac tors. The value for snow load, wind 
load and seis mic load impor tance fac tors shall be deter mined in 
accor dance with Table 1604.5. 

1604.6 In-situ load tests. The build ing offi cial is autho rized to 
require an engi neer ing anal y sis or a load test, or both, of any 
con struc tion when ever there is rea son to ques tion the safety of 
the con struc tion for the intended occu pancy. Engi neering anal-
y sis and load tests shall be con ducted in accor dance with Sec ­
tion 1710. 
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TABLE 1604.5 
CLASSIFICATION OF BUILDINGS AND OTHER STRUCTURES FOR IMPORTANCE FACTORS 

CATEGORYa NATURE OF OCCUPANCY 
SEISMIC 

FACTOR IE 

SNOW 
FACTOR IS 

WIND 
FACTOR IW 

I 

Buildings and other structures that represent a low hazard to human life in the 
event of failure including, but not limited to: 

• Agricultural facilities 

• Certain temporary facilities 

• Minor storage facilities 

1.00 0.8 0.87b 

II Buildings and other structures except those listed in Categories I, III and IV 1.00 1.0 1.00 

III 

Buildings and other structures that represent a substantial hazard to human life in the 
event of failure including, but not limited to: 

• Buildings and other structures where more than 300 people congregate in one area 

• Buildings and other structures with elementary school, secondary school or 
day care facilities with an occupant load greater than 250 

• Buildings and other structures with an occupant load greater than 500 for colleges 
or adult education facilities 

• Health care facilities with an occupant load of 50 or more resident patients but not 
having surgery or emergency treatment facilities 

• Jails and detention facilities 

• Any other occupancy with an occupant load greater than 5,000 

• Power-generating stations, water treatment for potable water, waste water 
treatment facilities and other public utility facilities not included in Category IV 

• Buildings and other structures not included in Category IV containing sufficient 
quantities of toxic or explosive substances to be dangerous to the public if released 

1.25 1.1 1.15 

IV 

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 

• Designated emergency preparedness, communication, and operation centers and 
other facilities required for emergency response 

• Power-generating stations and other public utility facilities required as emergency 
backup facilities for Category IV structures 

• Structures containing highly toxic materials as defined by Section 307 where the 
quantity of the material exceeds the maximum allowable quantities of Table 307.7(2) 

• Aviation control towers, air traffic control centers and emergency aircraft hangars 

• Buildings and other structures having critical national defense functions 

• Water treatment facilities required to maintain water pressure for fire suppression 

1.50 1.2 1.15 

a. For the purpose of Section 1616.2, Categories I and II are considered Seismic Use Group I, Category III is considered Seismic Use Group II and Category IV is  
equivalent to Seismic Use Group III. 

b. In hurricane-prone regions with V �100 miles per hour, Iw shall be 0.77. 
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1604.7 Pre con struc tion load tests. Mate rials and meth ods of 
con struc tion that are not capa ble of being designed by 
approved engi neer ing anal y sis or that do not com ply with the 
appli ca ble mate rial design stan dards listed in Chap ter 35, or 
alter na tive test pro ce dures in accor dance with Sec tion 1711, 
shall be load tested in accor dance with Sec tion 1714. 

1604.8 Anchor age. 

1604.8.1 Gen eral. An chor age of the roof to walls and col ­
umns, and of walls and col umns to foun da tions, shall be pro­
vided to re sist the up lift and slid ing forces that re sult from 
the ap pli ca tion of the pre scribed loads. 

1604.8.2 Con crete and ma sonry walls. Con crete and ma­
sonry walls shall be an chored to floors, roofs and other struc ­
tural el e ments that pro vide lat eral sup port for the wall. Such 
an chor age shall pro vide a pos i tive di rect con nec tion ca pa ble 
of re sist ing the hor i zon tal forces spec i fied in this chap ter but 
not less than a min i mum strength de sign hor i zon tal force of 
280 plf (4.10 kN/m) of wall, sub sti tuted for “E” in the load 
com bi na tions of Sec tion 1605.2 or 1605.3. Walls shall be de ­
signed to re sist bend ing be tween an chors where the an chor 
spac ing ex ceeds 4 feet (1219 mm). Re quired an chors in ma ­
sonry walls of hol low units or cav ity walls shall be em bed ded 
in a re in forced grouted struc tural el e ment of the wall. See 
Sec tions 1609.6.2.2 and 1620 for wind and earth quake de sign 
re quire ments. 

1604.8.3 Decks. Where sup ported by at tach ment to an ex te rior 
wall, decks shall be pos i tively an chored to the pri mary struc ­
ture and de signed for both ver ti cal and lat eral loads as ap pli ca­
ble. Such at tach ment shall not be ac com plished by the use of 
toe nails or nails sub ject to with drawal. Where pos i tive con nec­
tion to the pri mary build ing struc ture can not be ver i fied dur ing 
in spec tion, decks shall be self-sup port ing. For decks with can ­
ti le vered fram ing mem bers, con nec tions to ex te rior walls or 
other fram ing mem bers shall be de signed and con structed to 
re sist up lift re sult ing from the full live load spec i fied in Ta ble 
1607.1 act ing on the can ti le vered por tion of the deck. 

SECTION 1605

LOAD COMBINATIONS


1605.1 Gen eral. Build ings and other struc tures and por tions 
thereof shall be designed to resist the load com bi na tions spec i­
fied in Sec tion 1605.2 or 1605.3 and Chap ters 18 through 23, 
and the spe cial seis mic load com bi na tions of Sec tion 1605.4 
where required by Sec tion 1620.2.6, 1620.2.9 or 1620.4.4 or 
Sec tion 9.5.2.6.2.11 or 9.5.2.6.3.1 of ASCE 7. Appli ca ble 
loads shall be con sid ered, includ ing both earth quake and wind, 
in accor dance with the spec i fied load com bi na tions. Each load 
com bi na tion shall also be inves ti gated with one or more of the 
vari able loads set to zero. 

1605.2 Load com bi na tions using strength design or load 
and resis tance fac tor design. 

1605.2.1 Ba sic load com bi na tions. Where strength de sign 
or load and re sis tance fac tor de sign is used, struc tures and 
por tions thereof shall re sist the most crit i cal ef fects from the 
fol low ing com bi na tions of fac tored loads: 

1.4D (Equa tion 16-1) 

1.2D + 1.6L + 0.5(Lr or S or R) (Equa tion 16-2) 
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1.2D + 1.6(Lr or S or R) + (f1L or 0.8W) (Equation 16-3) 

1.2D + 1.6W + f1 L + 0.5(Lr or S or R) (Equa tion 16-4) 

1.2D + 1.0E + f1L + f2S (Equa tion 16-5) 

0.9D + (1.0E or 1.6W) (Equa tion 16-6) 

where: 

f1 = 1.0 for floors in places of pub lic as sem bly, for live 
loads in ex cess of 100 pounds per square foot (4.79 
kN/m2), and for park ing ga rage live load. 

f1 = 0.5 for other live loads. 

f2 = 0.7 for roof con fig u ra tions (such as saw tooth) that 
do not shed snow off the struc ture. 

f2 = 0.2 for other roof con fig u ra tions. 

Ex cep tion: Where other fac tored load com bi na tions are 
spe cif i cally re quired by the pro vi sions of this code, such 
com bi na tions shall take pre ce dence. 

1605.2.2 Other loads. Where F, H, P or T is to be con sid­
ered in de sign, each ap pli ca ble load shall be added to the 
above com bi na tions in ac cor dance with Sec tion 2.3.2 of 
ASCE 7. Where Fa is to be con sid ered in de sign, the load 
com bi na tions of Sec tion 2.3.3 of ASCE 7 shall be used. 

1605.3 Load com bi na tions using allow able stress design. 

1605.3.1 Ba sic load com bi na tions. Where al low able stress 
de sign (work ing stress de sign), as per mit ted by this code, is 
used, struc tures and por tions thereof shall re sist the most crit i­
cal ef fects re sult ing from the fol low ing com bi na tions of loads: 

D (Equa tion 16-7) 

D + L (Equa tion 16-8) 

D + L + (Lr or S or R) (Equa tion 16-9) 

D + (W or 0.7E) + L + (Lr or S or R) (Equa tion 16-10) 

0.6D + W (Equa tion 16-11) 

0.6D + 0.7E (Equa tion 16-12) 

Ex cep tions: 

1. Crane hook loads need not be com bined with roof 
live load or with more than three-fourths of the 
snow load or one-half of the wind load. 

2. Flat roof snow loads of 30 psf (1.44 kN/m2) or less 
need not be com bined with seis mic loads. Where 
flat roof snow loads ex ceed 30 psf (1.44 kN/m2), 20 
per cent shall be com bined with seis mic loads. 

1605.3.1.1 Load re duc tion. It is per mit ted to mul ti ply 
the com bined ef fect of two or more vari able loads by 
0.75 and add to the ef fect of dead load. The com bined 
load used in de sign shall not be less than the sum of the 
ef fects of dead load and any one of the vari able loads. 
The 0.7 fac tor on E does not ap ply for this pro vi sion. 

In creases in al low able stresses spec i fied in the ap pro­
pri ate ma te ri als sec tion of this code or ref er enced stan ­
dard shall not be used with the load com bi na tions of 
Sec tion 1605.3.1 ex cept that a du ra tion of load in crease 
shall be per mit ted in ac cor dance with Chap ter 23. 
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1605.3.1.2 Other loads. Where F, H, P or T are to be con­
sid ered in de sign, the load com bi na tions of Sec tion 2.4.1 
of ASCE 7 shall be used. Where Fa is to be con sid ered in 
de sign, the load com bi na tions of Sec tion 2.4.2 of ASCE 
7 shall be used. 

1605.3.2 Al ter na tive ba sic load com bi na tions. In lieu of 
the ba sic load com bi na tions spec i fied in Sec tion 1605.3.1, 
struc tures and por tions thereof shall be per mit ted to be de ­
signed for the most crit i cal ef fects re sult ing from the fol low­
ing com bi na tions. When us ing these al ter nate ba sic load 
com bi na tions that in clude wind or seis mic loads, al low able 
stresses are per mit ted to be in creased or load com bi na tions 
re duced, where per mit ted by the ma te rial sec tion of this 
code or ref er enced stan dard. Where wind loads are cal cu­
lated in ac cor dance with Sec tion 1609.6 or Sec tion 6 of 
ASCE 7, the co ef fi cient w in the fol low ing equations shall 
be taken as 1.3. For other wind loads w shall be taken as 1.0. 

D + L + (Lr or S or R)	 (Equa tion 16-13) 

D + L + (ωW)	 (Equa tion 16-14) 

D + L + ωW + S/2	 (Equa tion 16-15) 

D + L + S + ωW/2	 (Equa tion 16-16) 

D + L + S + E/1.4	 (Equa tion 16-17) 

0.9D + E/1.4	 (Equa tion 16-18) 

Ex cep tions: 

1. Crane hook loads need not be com bined with roof 
live load or with more than three-fourths of the 
snow load or one-half of the wind load. 

2. Flat roof snow loads of 30 pounds per square foot 
(1.44 kN/m2) or less need not be com bined with 
seis mic loads. Where flat roof snow loads ex ceed 
30 psf (1.44 kN/m2), 20 per cent shall be com bined 
with seis mic loads. 

1605.3.2.1 Other loads. Where F, H, P or T are to be con­
sid ered in de sign, 1.0 times each ap pli ca ble load shall be 
added to the com bi na tions spec i fied in Sec tion 1605.3.2. 

1605.4 Spe cial seis mic load com bi na tions. For both allow­
able stress design and strength design meth ods, where spe cif i­
cally required by Sec tions 1613 through 1622 or by Chap ters 
18 through 23, ele ments and com po nents shall be designed to 
resist the forces cal cu lated using Equation 16-19 when the 
effects of the seis mic ground motion are addi tive to grav ity 
forces and those cal cu lated using Equation 16-20 when the 
effects of the seis mic ground motion coun ter act grav ity forces. 

1.2D + f1L + Em	 (Equa tion 16-19) 

0.9D + Em	 (Equa tion 16-20) 

where: 

Em =	 The max i mum ef fect of hor i zon tal and ver ti cal forces 
as set forth in Sec tion 1617.1. 

f1 =	 1.0 for floors in places of pub lic as sem bly, for live 
loads in ex cess of 100 psf (4.79 kN/m2) and for park ­
ing ga rage live load. 

f1 =	 0.5 for other live loads. 

1605.5 Heli ports and helistops. Heli port and helistop land ing 
or touch down areas shall be designed for the fol low ing loads, 
com bined in accor dance with Sec tion 1605: 

1. Dead load, D, plus the gross weight of the he li cop ter, 
Dh, plus snow load, S. 

2. Dead load, D, plus two sin gle con cen trated im pact 
loads, L, ap prox i mately 8 feet (2438 mm) apart ap­
plied any where on the touch down pad (rep re sent ing 
each of the he li cop ter’s two main land ing gear, 
whether skid type or wheeled type), hav ing a mag ni­
tude of 0.75 times the gross weight of the he li cop ter. 
Both loads act ing to gether to tal 1.5 times the gross 
weight of the he li cop ter. 

3. Dead load, D, plus a uni form live load, L, of 100 psf 
(4.79 kN/m2). 

SECTION 1606

DEAD LOADS


1606.1 Weights of mate ri als and con struc tion. In deter min­
ing dead loads for pur poses of design, the actual weights of 
mate ri als and con struc tion shall be used. In the absence of def i­
nite infor ma tion, val ues used shall be sub ject to the approval of 
the build ing offi cial. 

1606.2 Weights of fixed ser vice equip ment. In deter min ing 
dead loads for pur poses of design, the weight of fixed ser vice 
equip ment, such as plumb ing stacks and ris ers, elec tri cal feed ­
ers, heat ing, ven ti lat ing and air-con di tion ing sys tems (HVAC) 
and fire sprin kler sys tems, shall be included. 

SECTION 1607

LIVE LOADS


1607.1 Gen eral. Live loads are those loads defined in Sec tion 
1602.1. 

1607.2 Loads not spec i fied. For occu pan cies or uses not des ig­
nated in Table 1607.1, the live load shall be deter mined in 
accor dance with a method approved by the build ing offi cial. 

1607.3 Uni form live loads. The live loads used in the design of 
build ings and other struc tures shall be the max i mum loads 
expected by the intended use or occu pancy but shall in no case 
be less than the min i mum uni formly dis trib uted unit loads 
required by Table 1607.1. 

1607.4 Con cen trated loads. Floors and other sim i lar sur faces 
shall be designed to sup port the uni formly dis trib uted live loads 
pre scribed in Sec tion 1607.3 or the con cen trated load, in 
pounds (kilonewtons), given in Table 1607.1, which ever pro ­
duces the greater load effects. Unless oth er wise spec i fied, the 
indi cated con cen tra tion shall be assumed to be uni formly dis ­
trib uted over an area 2.5 feet by 2.5 feet [6.25 ft2 (0.58 m2)] and 
shall be located so as to pro duce the max i mum load effects in 
the struc tural mem bers. 
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OCCUPANCY OR USE
UNIFORM

(psf)
CONCENTRATED

(lbs.)

1. Apartments (see residential) — —

2. Access floor systems
Office use
Computer use

50
100

2,000
2,000

3. Armories and drill rooms 150 —

4. Assembly areas and theaters
Fixed seats (fastened to floor)
Lobbies
Movable seats
Stages and platforms
Follow spot, projections and

control rooms
Catwalks

60
100
100
125
50

40

—

5. Balconies (exterior)
On one- and two-family residences

only, and not exceeding 100 ft.2

100
60 —

6. Decks
Same as

occupancy
servedh

—

7. Bowling alleys 75 —

8. Cornices 60 —

9. Corridors, except as otherwise indicated 100 —

10. Dance halls and ballrooms 100 —

11. Dining rooms and restaurants 100 —

12. Dwellings (see residential) — —

13. Elevator machine room grating
(on area of 4 in.2) — 300

14. Finish light floor plate construction
(on area of 1 in.2) — 200

15. Fire escapes
On single-family dwellings only

100
40 —

16. Garages (passenger vehicles only)
Trucks and buses

40                 Note a
See Section 1607.6

17. Grandstands (see stadium and
arena bleachers) — —

18. Gymnasiums, main floors and
balconies 100 —

19. Handrails, guards and grab bars See Section 1607.7

20. Hospitals
Operating rooms, laboratories
Private rooms
Wards
Corridors above first floor

60
40
40
80

1,000
1,000
1,000
1,000

21. Hotels (see residential) — —

22. Libraries
Reading rooms
Stack rooms
Corridors above first floor

60
150b

80

1,000
1,000
1,000

23. Manufacturing
Light
Heavy

125
250

2,000
3,000

24. Marquees 75 —

OCCUPANCY OR USE
UNIFORM

(psf)
CONCENTRATED

(lbs.)

25. Office buildings
File and computer rooms shall be

designed for heavier loads based on
anticipated occupancy

Lobbies and first-floor corridors
Offices
Corridors above first floor

100
50
80

2,000
2,000
2,000

26. Penal institutions
Cell blocks
Corridors

40
100

—

27. Residential
One- and two-family dwellings

Uninhabitable attics without storage
Uninhabitable attics with storage
Habitable attics and sleeping areas
All other areas except balconies

and decks
Hotels and multifamily dwellings

Private rooms and corridors
serving them

Public rooms and corridors
serving them

10
20
30

40

40

100

—

28. Reviewing stands, grandstands and
bleachers Note c —

29. Roofs See Section 1607.11

30. Schools
Classrooms
Corridors above first floor
First-floor corridors

40
80
100

1,000
1,000
1,000

31. Scuttles, skylight ribs and accessible
ceilings — 200

32. Sidewalks, vehicular driveways and
yards, subject to trucking 250d 8,000e

33. Skating rinks 100 —

34. Stadiums and arenas
Bleachers
Fixed seats (fastened to floor)

100c

60c
—

35. Stairs and exits
One- and two-family dwellings
All other

100
40
100

Note f

36. Storage warehouses (shall be designed
for heavier loads if required for
anticipated storage)

Light
Heavy

125
250

—

37. Stores
Retail

First floor
Upper floors

Wholesale, all floors

100
75
125

1,000
1,000
1,000

38. Vehicle barriers See Section 1607.7

39. Walkways and elevated platforms
(other than exitways) 60 —

40. Yards and terraces, pedestrians 100 —

TABLE 1607.1
MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS AND MINIMUM CONCENTRATED LIVE LOADSg

(continued)
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1607.5 Partition loads. In office buildings and in other buildings
where partition locations are subject to change, provision for par-
tition weight shall be made, whether or not partitions are shown on
the construction documents, unless the specified live load exceeds
80 psf (3.83 kN/m2). Such partition load shall not be less than a
uniformly distributed live load of 20 psf (0.96kN/m2).

1607.6 Truck and bus garages. Minimum live loads for
garages having trucks or buses shall be as specified in Table
1607.6, but shall not be less than 50 psf (2.40 kN/m2), unless
other loads are specifically justified and approved by the build-
ing official. Actual loads shall be used where they are greater
than the loads specified in the table. Plazas subject to emer-
gency vehicle traffic shall be designed for the worst case of
either 250 psf (12kN/m2) or a fire truck with a wheel base of
230 inches (5842 mm) with the following weight distribution:
20,000 pounds (89 kN) on the front axle and 30,000 pounds
(134 kN) on each of the two tandem rear axles. Basement and
retaining walls adjacent to these areas shall also be designed for
these loads as a surcharge.

1607.6.1 Truck and bus garage live load application. The
concentrated load and uniform load shall be uniformly dis-
tributed over a 10-foot (3048 mm) width on a line normal to
the centerline of the lane placed within a 12-foot-wide
(3658 mm) lane. The loads shall be placed within their indi-
vidual lanes so as to produce the maximum stress in each
structural member. Single spans shall be designed for the
uniform load in Table 1607.6 and one simultaneous concen-
trated load positioned to produce the maximum effect. Mul-
tiple spans shall be designed for the uniform load in Table
1607.6 on the spans and two simultaneous concentrated
loads in two spans positioned to produce the maximum neg-
ative moment effect. Multiple span design loads, for other
effects, shall be the same as for single spans.

1607.7 Loads on handrails, guards, grab bars and vehicle
barriers. Handrails, guards, grab bars as designed in ICC

A117.1 and vehicle barriers shall be designed and constructed
to the structural loading conditions set forth in this section.

TABLE 1607.6
UNIFORM AND CONCENTRATED LOADS

LOADING
CLASSa

UNIFORM
LOAD

(pounds/linear
foot of lane)

CONCENTRATED LOAD (pounds)b

For moment
design

For shear
design

H20-44 and
HS20-44 640 18,000 26,000

H15-44 and
HS15-44 480 13,500 19,500

For SI: 1 pound per linear foot = 0.01459 kN/m, 1 pound = 0.004448 kN,
1 ton = 8.90 kN.

a. An H loading class designates a two-axle truck with a semitrailer. An HS
loading class designates a tractor truck with a semitrailer. The numbers fol-
lowing the letter classification indicate the gross weight in tons of the stan-
dard truck and the year the loadings were instituted.

b. See Section 1607.6.1 for the loading of multiple spans.

1607.7.1 Handrails and guards. Handrail assemblies and
guards shall be designed to resist a load of 50 plf (0.73
kN/m) applied in any direction at the top and to transfer this
load through the supports to the structure.

Exceptions:

1. For one- and two-family dwellings, only the sin-
gle, concentrated load required by Section
1607.7.1.1 shall be applied.

2. In Group I-3, F, H and S occupancies, for areas that
are not accessible to the general public and that
have an occupant load no greater than 50, the mini-
mum load shall be 20 pounds per foot (0.29 kN/m).

1607.7.1.1 Concentrated load. Handrail assemblies
and guards shall be able to resist a single concentrated
load of 200 pounds (0.89 kN), applied in any direction at
any point along the top, and have attachment devices and
supporting structure to transfer this loading to appropri-
ate structural elements of the building. This load need not
be assumed to act concurrently with the loads specified
in the preceding paragraph.

1607.7.1.2 Components. Intermediate rails (all those
except the handrail), balusters and panel fillers shall be
designed to withstand a horizontally applied normal load
of 50 pounds (0.22 kN) on an area equal to 1 square foot
(0.093m2), including openings and space between rails.
Reactions due to this loading are not required to be super-
imposed with those of Section 1607.7.1 or 1607.7.1.1.

1607.7.1.3 Stress increase. Where handrails and guards
are designed in accordance with the provisions for allow-
able stress design (working stress design) exclusively for
the loads specified in Section 1607.7.1, the allowable
stress for the members and their attachments are permit-
ted to be increased by one-third.

1607.7.2 Grab bars, shower seats and dressing room bench
seats. Grab bars, shower seats and dressing room bench seat
systems shall be designed to resist a single concentrated load of
250 pounds (1.11 kN) applied in any direction at any point.

1607.7.3 Vehicle barriers. Vehicle barrier systems for pas-
senger cars shall be designed to resist a single load of 6,000
pounds (26.70 kN) applied horizontally in any direction to
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Notes to Table 1607.1
For SI: 1 inch = 25.4 mm, 1 square inch = 645.16 mm2, 1 pound per square
foot = 0.0479 kN/m2, 1 pound = 0.004448 kN.
1 pound per cubic foot = 16 kg/m3

a. Floors in garages or portions of buildings used for the storage of motor vehi-
cles shall be designed for the uniformly distributed live loads of Table
1607.1 or the following concentrated loads: (1) for garages restricted to ve-
hicles accommodating not more than nine passengers, 3,000 pounds acting
on an area of 4.5 inches by 4.5 inches; (2) for mechanical parking structures
without slab or deck which are used for storing passenger vehicles only,
2,250 pounds per wheel.

b. The loading applies to stack room floors that support nonmobile, dou-
ble-faced library bookstacks, subject to the following limitations:

1. The nominal bookstack unit height shall not exceed 90 inches;
2. The nominal shelf depth shall not exceed 12 inches for each face; and
3. Parallel rows of double-faced bookstacks shall be separated by aisles

not less than 36 inches wide.
c. Design in accordance with the ICC Standard on Bleachers, Folding and

Telescopic Seating and Grandstands.
d. Other uniform loads in accordance with an approved method which contains

provisions for truck loadings shall also be considered where appropriate.
e. The concentrated wheel load shall be applied on an area of 20 square inches.
f. Minimum concentrated load on stair treads (on area of 4 square inches) is

300 pounds.
g. Where snow loads occur that are in excess of the design conditions, the struc-

ture shall be designed to support the loads due to the increased loads caused by
drift buildup or a greater snow design determined by the building official (see
Section 1608). For special-purpose roofs, see Section 1607.11.2.2.

h. See Section 1604.8.3 for decks attached to exterior walls.
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the barrier system and shall have anchorage or attachment
capable of transmitting this load to the structure. For design
of the system, the load shall be assumed to act at a minimum
height of 1 foot, 6 inches (457 mm) above the floor or ramp
surface on an area not to exceed 1 square foot (305 mm2),
and is not required to be assumed to act concurrently with
any handrail or guard loadings specified in the preceding
paragraphs of Section 1607.7.1. Garages accommodating
trucks and buses shall be designed in accordance with an ap-
proved method that contains provision for traffic railings.

1607.8 Impact loads. The live loads specified in Section
1607.2 include allowance for impact conditions. Provisions
shall be made in the structural design for uses and loads that
involve unusual vibration and impact forces.

1607.8.1 Elevators. Elevator loads shall be increased by
100 percent for impact and the structural supports shall be
designed within the limits of deflection prescribed by
ASME A17.1.

1607.8.2 Machinery. For the purpose of design, the weight
of machinery and moving loads shall be increased as fol-
lows to allow for impact: (1) elevator machinery, 100 per-
cent; (2) light machinery, shaft- or motor-driven, 20 percent;
(3) reciprocating machinery or power-driven units, 50 per-
cent; (4) hangers for floors or balconies, 33 percent. Per-
centages shall be increased where specified by the
manufacturer.

1607.9 Reduction in live loads. The minimum uniformly dis-
tributed live loads, Lo, in Table 1607.1 are permitted to be
reduced according to the following provisions.

1607.9.1 General. Subject to the limitations of Sections
1607.9.1.1 through 1607.9.1.4, members for which a value
of KLLAT is 400 square feet (37.16 m2) or more are permitted
to be designed for a reduced live load in accordance with the
following equation:

L L
K A

o

LL T

= +
⎛

⎝
⎜

⎞

⎠
⎟0 25

15
. (Equation 16-21)

For SI: L L
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o
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= +
⎛

⎝
⎜

⎞

⎠
⎟0 25
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.

.

where:

L = Reduced design live load per square foot (meter) of
area supported by the member.

Lo = Unreduced design live load per square foot (meter)
of area supported by the member (see Table
1607.1).

KLL = Live load element factor (see Table 1607.9.1).

AT = Tributary area, in square feet (square meters). L shall
not be less than 0.50Lo for members supporting one
floor and L shall not be less than 0.40Lo for members
supporting two or more floors.

TABLE 1607.9.1
LIVE LOAD ELEMENT FACTOR, KLL

ELEMENT KLL

Interior columns
Exterior columns without cantilever slabs

4
4

Edge columns with cantilever slabs 3

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

2
2
2

All other members not identified above including:
Edge beams with cantilever slabs
Cantilever beams
Two-way slabs
Members without provisions for continuous shear

transfer normal to their span

1

1607.9.1.1 Heavy live loads. Live loads that exceed 100
psf (4.79 kN/m2) shall not be reduced except the live loads
for members supporting two or more floors are permitted to
be reduced by a maximum of 20 percent, but the live load
shall not be less than L as calculated in Section 1607.9.1.

1607.9.1.2 Passenger vehicle garages. The live loads
shall not be reduced in passenger vehicle garages except
the live loads for members supporting two or more floors
are permitted to be reduced by a maximum of 20 percent,
but the live load shall not be less than L as calculated in
Section 1607.9.1.

1607.9.1.3 Special occupancies. Live loads of 100 psf
(4.79 kN/m2) or less shall not be reduced in public as-
sembly occupancies.

1607.9.1.4 Special structural elements. Live loads
shall not be reduced for one-way slabs except as permit-
ted in Section 1607.9.1.1. Live loads of 100 psf (4.79
kN/m2) or less shall not be reduced for roof members ex-
cept as specified in Section 1607.11.2.

1607.9.2 Alternate floor live load reduction. As an alter-
native to Section 1607.9.1, floor live loads are permitted to
be reduced in accordance with the following provisions.
Such reductions shall apply to slab systems, beams, girders,
columns, piers, walls and foundations.

1. A reduction shall not be permitted in Group A occu-
pancies.

2. A reduction shall not be permitted when the live load
exceeds 100 psf (4.79 kN/m2) except that the design
live load for columns may be reduced by 20 percent.

3. For live loads not exceeding 100 psf (4.79 kN/m2), the
design live load for any structural member supporting
150 square feet (13.94 m2) or more is permitted to be
reduced in accordance with the following equation:

R = r (A – 150) (Equation 16-22)

For SI: R = r (A – 13.94)
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Such reduction shall not exceed 40 percent for hor-
izontal members, 60 percent for vertical members,
nor R as determined by the following equation:

R = 23.1 (1 + D/Lo ) (Equation 16-23)

where:

A = Area of floor or roof supported by the member,
square feet (m2).

D = Dead load per square foot (m2) of area sup-
ported.

Lo = Unreduced live load per square foot (m2) of area
supported.

R = Reduction in percent.

r = Rate of reduction equal to 0.08 percent for floors.

1607.10 Distribution of floor loads. Where uniform floor live
loads are involved in the design of structural members arranged
so as to create continuity, the minimum applied loads shall be
the full dead loads on all spans in combination with the floor
live loads on spans selected to produce the greatest effect at
each location under consideration. It shall be permitted to
reduce floor live loads in accordance with Section 1607.9.

1607.11 Roof loads. The structural supports of roofs and mar-
quees shall be designed to resist wind and, where applicable,
snow and earthquake loads, in addition to the dead load of con-
struction and the appropriate live loads as prescribed in this
section, or as set forth in Table 1607.1. The live loads acting on
a sloping surface shall be assumed to act vertically on the hori-
zontal projection of that surface.

1607.11.1 Distribution of roof loads. Where uniform roof
live loads are involved in the design of structural members
arranged so as to create continuity, the minimum applied
loads shall be the full dead loads on all spans in combination
with the roof live loads on adjacent spans or on alternate
spans, whichever produces the greatest effect. See Section
1607.11.2 for minimum roof live loads and Section 1608.5
for partial snow loading.

1607.11.2 Minimum roof live loads. Minimum roof loads
shall be determined for the specific conditions in accor-
dance with Sections 1607.11.2.1 through 1607.11.2.4.

1607.11.2.1 Flat, pitched and curved roofs. Ordinary
flat, pitched and curved roofs shall be designed for the
live loads specified in the following equation or other
controlling combinations of loads in Section 1605,
whichever produces the greater load. In structures where
special scaffolding is used as a work surface for workers
and materials during maintenance and repair operations,
a lower roof load than specified in the following equation
shall not be used unless approved by the building official.
Greenhouses shall be designed for a minimum roof live
load of 10 psf (0.479 kN/m2).

Lr = 20R1R2 (Equation 16-24)

where: 12 ≤ Lr ≤ 20

For SI: Lr = 0.96 R1R2

where: 0.58 ≤ Lr ≤ 0.96

Lr = Roof live load per square foot (m2) of horizontal
projection in pounds per square foot (kN/m2).

The reduction factors R1 and R2 shall be determined as
follows:

R1 = 1 for At ≤ 200 square feet (18.58 m2)
(Equation 16-25)

R1 = 1.2 – 0.001At for 200 square feet < At

600 square feet
(Equation 16-26)

For SI: 1.2 – 0.011At for 18.58 square meters < At <
55.74 square meters

R1 = 0.6 for At ≥ 600 square feet (55.74 m2)
(Equation 16-27)

where:

At = Tributary area (span length multiplied by effec-
tive width) in square feet (m2) supported by any
structural member, and

F = for a sloped roof, the number of inches of rise per
foot (for SI: F = 0.12 × slope, with slope ex-
pressed in percentage points), and

F = for an arch or dome, rise-to-span ratio multiplied
by 32, and

R2 = 1 for F ≤ 4 (Equation 16-28)
R2 = 1.2 – 0.05 F for 4 < F < 12 (Equation 16-29)
R2 = 0.6 for F ≥ 12 (Equation 16-30)
1607.11.2.2 Special-purpose roofs. Roofs used for
promenade purposes shall be designed for a minimum
live load of 60 psf (2.87 kN/m2). Roofs used for roof gar-
dens or assembly purposes shall be designed for a mini-
mum live load of 100 psf (4.79 kN/m2). Roofs used for
other special purposes shall be designed for appropriate
loads, as directed or approved by the building official.

1607.11.2.3 Landscaped roofs. Where roofs are to be
landscaped, the uniform design live load in the landscaped
area shall be 20 psf (0.958 kN/m2). The weight of the land-
scaping materials shall be considered as dead load and
shall be computed on the basis of saturation of the soil.

1607.11.2.4 Awnings. Awnings shall be designed for a
uniform live load of 5 psf (0.240 kN/m2) as well as for
snow loads and wind loads as specified in Sections 1608
and 1609.

1607.11.2.5 Shade structures, canopies and membrane
structures. The live load for shade structures, canopies
and membrane structures shall be a minimum 10 psf (0.48
kN/m2). Frame elements shall support a minimum con-
centrated load of 200 pounds (890 N) at any point that re-
sults in greatest stress on the member or its connection.

1607.12 Crane loads. The crane live load shall be the rated
capacity of the crane. Design loads for the runway beams,
including connections and support brackets, of moving bridge
cranes and monorail cranes shall include the maximum wheel
loads of the crane and the vertical impact, lateral and longitudi-
nal forces induced by the moving crane.
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1607.12.1 Max i mum wheel load. The max i mum wheel 
loads shall be the wheel loads pro duced by the weight of the 
bridge, as ap pli ca ble, plus the sum of the rated ca pac ity and 
the weight of the trol ley with the trol ley po si tioned on its 
run way at the lo ca tion where the re sult ing load ef fect is 
max i mum. 

1607.12.2 Ver ti cal im pact force. The max i mum wheel 
loads of the crane shall be in creased by the per cent ages 
shown be low to de ter mine the in duced ver ti cal im pact or vi-
bra tion force: 

Mono rail cranes (pow ered) · · · · · · · · ·  25 per cent 

Cab-op er ated or re motely op er ated 
bridge cranes (pow ered) · · · · · · · · · · ·  25 per cent 

Pen dant-op er ated bridge cranes 
(pow ered) · · · · · · · · · · · · · · · · · · 10 per cent 

Bridge cranes or mono rail cranes with 
hand-geared bridge, trol ley and hoist · · · · ·  0 per cent 

1607.12.3 Lat eral force. The lat eral force on crane run way 
beams with elec tri cally pow ered trol leys shall be cal cu lated 
as 20 per cent of the sum of the rated ca pac ity of the crane 
and the weight of the hoist and trol ley. The lat eral force shall 
be as sumed to act hor i zon tally at the trac tion sur face of a 
run way beam, in ei ther di rec tion per pen dic u lar to the beam, 
and shall be dis trib uted ac cord ing to the lat eral stiff ness of 
the run way beam and sup port ing struc ture. 

1607.12.4 Lon gi tu di nal force. The lon gi tu di nal force on 
crane run way beams, ex cept for bridge cranes with 
hand-geared bridges, shall be cal cu lated as 10 per cent of the 
max i mum wheel loads of the crane. The lon gi tu di nal force 
shall be as sumed to act hor i zon tally at the trac tion sur face of 
a run way beam, in ei ther di rec tion par al lel to the beam. 

1607.13 Inte rior walls and par ti tions. Inte rior walls and par ­
ti tions that exceed 6 feet (1829 mm) in height, includ ing their 

STRUCTURAL DESIGN 

fin ish mate ri als, shall have ade quate strength to resist the loads 
to which they are sub jected but not less than a hor i zon tal load of 
5 psf (0.240 kN/m2). 

SECTION 1608

SNOW LOADS


1608.1 Gen eral. Design snow loads shall be deter mined in 
accor dance with Sec tion 7 of ASCE 7, but the design roof load 
shall not be less than that deter mined by Sec tion 1607. 

1608.2 Ground snow loads. The ground snow loads to be used 
in deter min ing the design snow loads for roofs are given in Fig­
ure 1608.2 for the con tig u ous United States and Table 1608.2 
for Alaska. Site-spe cific case stud ies shall be made in areas 
des ig nated CS in Fig ure 1608.2. Ground snow loads for sites at 
ele va tions above the lim its indi cated in Fig ure 1608.2 and for 
all sites within the CS areas shall be approved. Ground snow 
load deter mi na tion for such sites shall be based on an extreme 
value sta tis ti cal anal y sis of data avail able in the vicin ity of the 
site using a value with a 2-per cent annual prob a bil ity of being 
exceeded (50-year mean recur rence inter val). Snow loads are 
zero for Hawaii, except in moun tain ous regions as approved by 
the build ing offi cial. 

1608.3 Flat roof snow loads. The flat roof snow load, pf , on a 
roof with a slope equal to or less than 5 degrees (0.09 rad) (1 
inch per foot = 4.76 degrees) shall be cal cu lated in accor dance 
with Sec tion 7.3 of ASCE 7. 

1608.3.1 Ex po sure fac tor. The value for the snow ex po sure 
fac tor, Ce, used in the cal cu la tion of pf shall be de ter mined 
from Ta ble 1608.3.1. 

1608.3.2 Ther mal fac tor. The value for the ther mal fac tor, 
Ct, used in the cal cu la tion of pf  shall be de ter mined from Ta ­
ble 1608.3.2. 

TABLE 1608.2

GROUND SNOW LOADS, pg , FOR ALASKAN LOCATIONS
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LOCATION 
POUNDS PER 

SQUARE FOOT LOCATION 
POUNDS PER 

SQUARE FOOT LOCATION 
POUNDS PER 

SQUARE FOOT 

Adak 30 Galena 60 Petersburg 150 

Anchorage 50 Gulkana 70 St. Paul Islands 40 

Angoon 70 Homer 40 Seward 50 

Barrow 25 Juneau 60 Shemya 25 

Barter Island 35 Kenai 70 Sitka 50 

Bethel 40 Kodiak 30 Talkeetna 120 

Big Delta 50 Kotzebue 60 Unalakleet 50 

Cold Bay 25 McGrath 70 Valdez 160 

Cordova 100 Nenana 80 Whittier 300 

Fairbanks 60 Nome 70 Wrangell 60 

Fort Yukon 60 Palmer 50 Yakutat 150 

For SI: 1 pound per square foot = 0.0479 kN/m2 . 
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FIGURE 1608.2

GROUND SNOW LOADS, pg, FOR THE UNITED STATES (psf)
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FIGURE 1608.2–continued

GROUND SNOW LOADS, pg, FOR THE UNITED STATES (psf)
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TABLE 1608.3.1

SNOW EXPOSURE FACTOR, Ce


TERRAIN CATEGORYa 

EXPOSURE OF ROOFa,b 

Fully exposedc Partially exposed Sheltered 

A (see Section 1609.4) N/A 1.1 1.3 

B (see Section 1609.4) 0.9 1.0 1.2 

C (see Section 1609.4) 0.9 1.0 1.1 

D (see Section 1609.4) 0.8 0.9 1.0 

Above the treeline in windswept mountainous areas 0.7 0.8 N/A 

In Alaska, in areas where trees do not exist within a 
 2-mile radius of the site 0.7 0.8 N/A 

For SI: 1 mile = 1609 m. 
a. The ter rain cat e gory and roof ex po sure con di tion cho sen shall be rep re sen ta tive of the an tic i pated con di tions dur ing the life of the struc ture. An ex po sure fac tor 

shall be de ter mined for each roof of a struc ture. 
b. Def i ni tions of roof ex po sure are as fol lows: 

1. Fully ex posed shall mean roofs ex posed on all sides with no shel ter af forded by ter rain, higher struc tures or trees. Roofs that con tain sev eral large pieces of 
me chan i cal equip ment, par a pets which ex tend above the height of the bal anced snow load, hb, or other ob struc tions are not in this cat e gory. 

2. Partially ex posed shall in clude all roofs ex cept those des ig nated as “fully ex posed” or “shel tered.” 
3. Shel tered roofs shall mean those roofs lo cated tight in among co ni fers that qual ify as “ob struc tions.” 

c. Ob struc tions within a dis tance of 10 ho pro vide “shel ter,” where ho is the height of the ob struc tion above the roof level. If the only ob struc tions are a few de cid u ous 
trees that are leaf less in win ter, the “fully ex posed” cat e gory shall be used ex cept for terrain cat e gory “A.” Note that these are heights above the roof. Heights used 
to es tab lish the ter rain cat e gory in Sec tion 1609.4 are heights above the ground. 

TABLE 1608.3.2 
THERMAL FACTOR, Ct 

THERMAL CONDITIONa 

All structures except as indicated below


Structures kept just above freezing and others with cold, ventilated roofs in which the thermal resistance (R-value)

 between the ventilated space and the heated space exceeds 25h � ft2 � °F/Btu 

Unheated structures 

Continuously heated greenhousesb with a roof having a thermal resistance (R-value) less than 2.0h � ft2 �°F/Btu 

For SI: °C = [(°F)-32]/1.8, 1 British thermal unit per hour = 0.2931W. 
a. The ther mal con di tion shall be rep re sen ta tive of the an tic i pated con di tions dur ing win ters for the life of the struc ture. 

Ct 

1.0 

1.1 

1.2 

0.85 

b. A con tin u ously heated green house shall mean a green house with a con stantly main tained in terior tem per a ture of 50°F or more dur ing win ter months. Such green ­
house shall also have a main te nance at ten dant on duty at all times or a tem per a ture alarm sys tem to pro vide warn ing in the event of a heat ing sys tem fail ure. 

1608.3.3 Snow load im por tance fac tor. The value for the 1608.5 Par tial load ing. The effect of not hav ing the bal anced 
snow load im por tance fac tor, Is, used in the cal cu la tion of pf snow load over the entire loaded roof area shall be ana lyzed in 
shall be de ter mined in ac cor dance with Ta ble 1604.5. accor dance with Sec tion 7.5 of ASCE 7. 
Green houses that are oc cu pied for grow ing plants on pro ­
duc tion or re search ba sis, with out pub lic ac cess, shall be in- 1608.6 Unbal anced snow loads. Unbal anced roof snow loads 

cluded in Im por tance Cat e gory I. shall be deter mined in accor dance with Sec tion 7.6 of ASCE 7. 
Winds from all direc tions shall be accounted for when estab ­

1608.3.4 Rain-on-snow sur charge load. Roofs with a  lish ing unbal anced snow loads. 
slope less than 1/2 inch per foot (2.38 de grees) shall be de - 1608.7 Drifts on lower roofs. In areas where the ground snow
signed for a rain-on-snow sur charge load de ter mined in ac - load, pg, as deter mined by Sec tion 1608.2, is equal to or greater 
cor dance with Sec tion 7.10 of ASCE 7. than 5 psf (0.240 kN/m2), roofs shall be designed to sus tain 

1608.3.5 Ponding in sta bil ity. For roofs with a slope less local ized loads from snow drifts in accor dance with Sec tion 7.7 

than 1/4 inch per foot (1.19 de grees), the de sign cal cu la tions of ASCE 7. 

shall in clude ver i fi ca tion of the pre ven tion of ponding in sta- 1608.8 Roof pro jec tions. Drift loads due to mechan i cal equip ­
bil ity in ac cor dance with Sec tion 7.11 of ASCE 7. ment, pent houses, par a pets and other pro jec tions above the roof 

shall be deter mined in accor dance with Sec tion 7.8 of ASCE 7. 
1608.4 Sloped roof snow loads. The snow load, ps, on a roof 
with a slope greater than 5 degrees (0.09 rad) (1 inch per foot = 1608.9 Sliding snow. The extra load caused by snow slid ing off 
4.76 degrees) shall be cal cu lated in accor dance with Sec tion a sloped roof onto a lower roof shall be deter mined in accor ­
7.4 of ASCE 7. dance with Sec tion 7.9 of ASCE 7. 
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