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STRUCTURAL DESIGN 

TABLE 1615.1.2(1)

VALUES OF SITE COEFFICIENT Fa AS A FUNCTION OF SITE CLASS


AND MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIODS (SS)a


SITE 
CLASS 

MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIODS 

Ss ≤ 0.25 Ss = 0.50 Ss = 0.75 Ss = 1.00 Ss ≥ 1.25 

A 0.8 0.8 0.8 0.8 0.8 

B 1.0 1.0 1.0 1.0 1.0 

C 1.2 1.2 1.1 1.0 1.0 

D 1.6 1.4 1.2 1.1 1.0 

E 2.5 1.7 1.2 0.9 0.9 

F Note b Note b Note b Note b Note b 

a. Use straight-line interpolation for intermediate values of mapped spectral response acceleration at short period, Ss. 
b.	 Site-specific geotechnical investigation and dynamic site response analyses shall be performed to determine appropriate values, except that for structures with pe­

riods of vibration equal to or less than 0.5 second, values of Fa for liquefiable soils are permitted to be taken equal to the values for the site class determined without 
regard to liquefaction in Section 1615.1.5.1. 

TABLE 1615.1.2(2)

VALUES OF SITE COEFFICIENT FV AS A FUNCTION OF SITE CLASS


AND MAPPED SPECTRAL RESPONSE ACCELERATION AT 1-SECOND PERIOD (S1)
a


SITE 
CLASS 

MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIODS 

S1 ≤ 0.1 S1 = 0.2 S1 = 0.3 S1 = 0.4 S1 ≥ 0.5 

A 0.8 0.8 0.8 0.8 0.8 

B 1.0 1.0 1.0 1.0 1.0 

C 1.7 1.6 1.5 1.4 1.3 

D 2.4 2.0 1.8 1.6 1.5 

E 3.5 3.2 2.8 2.4 2.4 

F Note b Note b Note b Note b Note b 

a. Use straight-line interpolation for intermediate values of mapped spectral response acceleration at 1-second period, S1. 
b.	 Site-specific geotechnical investigation and dynamic site response analyses shall be performed to determine appropriate values, except that for structures with pe­

riods of vibration equal to or less than 0.5 second, values of Fv for liquefiable soils are permitted to be taken equal to the values for the site class determined without 
regard to liquefaction in Section 1615.1.5.1. 

3. For periods greater than TS, the design spectral re­
sponse acceleration, Sa, shall be determined by Equa­
tion 16-43. 

S DSS a = 0 6. T + 0 4  SDS (Equation 16-42) . 
TO 

S
S a =	 DI (Equation 16-43) 

T 

where: 

SDS =	 The design spectral response acceleration at short 
periods as determined in Section 1615.1.3. 

SD1 =	 The design spectral response acceleration at 1-sec­
ond period as determined in Section 1615.1.3. 

T =	 Fundamental period (in seconds) of the structure 
(see Section 9.5.5.3 of ASCE 7). 

FIGURE 1615.1.4 TO = 0.2 SD1/SDS


DESIGN RESPONSE SPECTRUM TS = SD1 /SDS
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STRUCTURAL DESIGN 

dc1615.1.5 Site clas si fi ca tion for seis mic de sign. Site clas si­ (Equa tion 16-47) s =
u k 
di


s ui


fi ca tion for Site Class C, D or E shall be de ter mined from 
Ta ble 1615.1.5.

k 

� 
i 1=

where: The no ta tions pre sented be low ap ply to the up per 100 feet 
(30 480 mm) of the site pro file. Pro files con tain ing dis­
tinctly dif fer ent soil lay ers shall be sub di vided into those 
lay ers des ig nated by a num ber that ranges from 1 to n at the 
bot tom where there is a to tal of n dis tinct lay ers in the up per 
100 feet (30 480 mm). The sym bol, i, then re fers to any one 
of the lay ers be tween 1 and n. 

where: 

vsi = The shear wave ve loc ity in feet per sec ond (m/s). 

di = The thick ness of any layer be tween 0 and 100 feet 
(30 480 mm). 

n 

dc = The to tal thick ness (100 – ds) (For SI: 30 480 – ds) of 
co he sive soil lay ers in the top 100 feet (30 480 mm). 

PI = The plas tic ity in dex, ASTM D 4318. 
w = The mois ture con tent in per cent, ASTM D 2216. 

The shear wave ve loc ity for rock, Site Class B, shall be ei­
ther mea sured on site or es ti mated by a geotechnical en gi­
neer or en gi neer ing ge ol o gist/seis mol o gist for com pe tent 
rock with mod er ate frac tur ing and weath er ing. Softer and 

� 
i 1=

d d=
i c 

more highly frac tured and weath ered rock shall ei ther be 
di mea sured on site for shear wave ve loc ity or clas si fied as Site 

i 1 
n 

= (Equa tion 16-44) Class C.vs =

di 

v	 The hard rock, Site Class A, cat e gory shall be sup ported si 

� 
i 1= 

1 

100 

hard rock con di tions are known to be con tin u ous to a depth 
Ni is the Stan dard Pen e tra tion Resis tance (ASTM D  of 100 feet (30 480 mm), surficial shear wave ve loc ity mea ­

1586-84) not to exceed 100 blows/foot (mm) as directly mea - sure ments are per mit ted to be ex trap o lated to as sess v s . 
sured in the field with out cor rec tions. The rock cat e go ries, Site Classes A and B, shall not be 

n 

= 

=i by shear wave ve loc ity mea sure ments ei ther on site or on 
n pro files of the same rock type in the same for ma tion with an 

di feet (30 480 mm ) equal or greater de gree of weath er ing and frac tur ing. Where 

used if there is more than 10 feet (3048 mm) of soil be tween 
di the rock sur face and the bot tom of the spread foot ing or mat i 1 

n 

= 
N
 (Equa tion 16-45) =
 foun da tion. 

di 

N	 1615.1.5.1 Steps for clas si fy ing a site. i 
1i 

d 1. Check for the four cat e go ries of Site Class F re­
s (Equa tion 16-46) quir ing site-spe cific eval u a tion. If the site cor re-N
 =
ch m 

sponds to any of these cat e go ries, clas sify the site � 
i 1=

tion. 

where: 2. Check for the ex is tence of a to tal thick ness of soft 

di 

N i	 as Site Class F and con duct a site-spe cific eval u a-

clay > 10 feet (3048 mm) where a soft clay layer ism 

i 1 
�

=

the site as Site Class E.U d  N  fse only and or cohesionless soils. i i

3. Cat e go rize the site us ing one of the fol low ing three d The to tal thick ness of cohesionless soil lay ers in the = s 

top 100 feet (30 480 mm).	 meth ods withv s , N , and su com puted in all cases as 
spec i fied.

sui = The un drained shear strength in psf (kPa), not to ex­
ceed 5,000 psf (240 kPa), ASTM D 2166-91 or D 3.1. vs for the top 100 feet (30 480 mm) 

de fined by: su  < 500 psf (25 kPa), w ‡ 40 per cent, d d=
i s 
and PI > 20. If these cri te ria are sat is fied, clas sify 

(vs  method).2850-87.


SITE CLASS 

E 

D 

C 

TABLE 1615.1.5

SITE CLASSIFICATIONa


v s 

< 600 ft/s 

600 to 1,200 ft/s 

1,200 to 2,500 ft/s 

N or N ch 

< 15 

15 to 50 

> 50 

s u 

< 1,000 psf 

1,000 to 2,000 psf 

> 2,000 

For SI: 1 foot per second = 304.8 mm per second, 1 pound per square foot = 0.0479 kN/m2. 
a. If the su method is used and the Nch and su  cri te ria dif fer, se lect the cat e gory with the softer soils (for ex am ple, use Site Class E in stead of D). 

2003 INTERNATIONAL BUILDING CODE® 324 



3.2. N for the top 100 feet (30 480 mm) (N
method).

3.3. N ch for cohesionless soil layers (PI < 20) in
the top 100 feet (30 480 mm) and average,
su , for cohesive soil layers (PI > 20) in the
top 100 feet (30 480 mm) (su method).

1615.2 Site-specific procedure for determining ground
motion accelerations. A site-specific study shall account for
the regional seismicity and geology; the expected recurrence
rates and maximum magnitudes of events on known faults and
source zones; the location of the site with respect to these; near
source effects if any and the characteristics of subsurface site
conditions.

1615.2.1 Probabilistic maximum considered earth-
quake. Where site-specific procedures are used as required
or permitted by Section 1615, the maximum considered
earthquake ground motion shall be taken as that motion rep-
resented by an acceleration response spectrum having a
2-percent probability of exceedance within a 50-year pe-
riod. The maximum considered earthquake spectral re-
sponse acceleration at any period, SaM, shall be taken from
the 2-percent probability of exceedance within a 50-year pe-
riod spectrum.

Exception: Where the spectral response ordinates at 0.2
second or 1 second for a 5-percent damped spectrum
having a 2-percent probability of exceedance within a
50-year period exceed the corresponding ordinates of the
deterministic limit of Section 1615.2.2, the maximum
considered earthquake ground motion spectrum shall be
taken as the lesser of the probabilistic maximum consid-
ered earthquake ground motion or the deterministic max-
imum considered earthquake ground motion spectrum of
Section 1615.2.3, but shall not be taken as less than the
deterministic limit ground motion of Section 1615.2.2.

1615.2.2 Deterministic limit on maximum considered
earthquake ground motion. The deterministic limit for the
maximum considered earthquake ground motion shall be
the response spectrum determined in accordance with Fig-
ure 1615.2.2, where site coefficients, Fa and Fv, are deter-
mined in accordance with Section 1615.1.2, with the value
of the mapped short-period spectral response acceleration,
SS, taken as 1.5g and the value of the mapped spectral re-
sponse acceleration at 1 second, S1, taken as 0.6g.

1615.2.3 Deterministic maximum considered earth-
quake ground motion. The deterministic maximum con-
sidered earthquake ground motion response spectrum shall
be calculated as 150 percent of the median spectral response
accelerations, SaM, at all periods resulting from a character-
istic earthquake on any known active fault within the region.

1615.2.4 Site-specific design ground motion. Where
site-specific procedures are used to determine the maximum
considered earthquake ground motion response spectrum,
the design spectral response acceleration, Sa, at any period
shall be determined from Equation 16-48:

S Sa aM= 2
3

(Equation 16-48)

and shall be greater than or equal to 80 percent of the design
spectral response acceleration, Sa, determined by the gen-
eral response spectrum in Section 1615.1.4.

1615.2.5 Design spectral response coefficients. Where the
site-specific procedure is used to determine the design
ground motion in accordance with Section 1615.2.4, the pa-
rameter SDS shall be taken as the spectral acceleration, Sa,
obtained from the site-specific spectra at a period of 0.2 sec-
ond, except that it shall not be taken as less than 90 percent
of the peak spectral acceleration, Sa, at any period. The pa-
rameter SD1 shall be taken as the greater of the spectral accel-
eration, Sa, at a period of 1 second or two times the spectral
acceleration, Sa, at a period of 2 seconds. The parameters
SMS and SM1 shall be taken as 1.5 times SDS and SD1, respec-
tively. The values so obtained shall not be taken as less than
80 percent of the values obtained from the general proce-
dures of Section 1615.1.

SECTION 1616
EARTHQUAKE LOADS—CRITERIA SELECTION

1616.1 Structural design criteria. Each structure shall be
assigned to a seismic design category in accordance with Sec-
tion 1616.3. Seismic design categories are used in this code to
determine permissible structural systems, limitations on height
and irregularity, those components of the structure that must be
designed for seismic resistance and the types of lateral force
analysis that must be performed. Each structure shall be pro-
vided with complete lateral- and vertical-force-resisting sys-
tems capable of providing adequate strength, stiffness and
energy dissipation capacity to withstand the design earthquake
ground motions determined in accordance with Section 1615
within the prescribed deformation limits of Section 1617.3.
The design ground motions shall be assumed to occur along
any horizontal direction of a structure. A continuous load path,
or paths, with adequate strength and stiffness to transfer forces
induced by the design earthquake ground motions from the
points of application to the final point of resistance shall be pro-
vided.
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FIGURE 1615.2.2
DETERMINISTIC LIMIT ON MAXIMUM CONSIDERED

EARTHQUAKE RESPONSE SPECTRUM
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STRUCTURAL DESIGN

Allowable stress design is permitted to be used to evaluate
sliding, overturning and soil bearing at the soil-structure inter-
face regardless of the approach used in the design of the struc-
ture, provided load combinations of Section 1605.3 are
utilized. When using allowable stress design for proportioning
foundations, the value of 0.2 SDSD in Equations 16-50, 16-51,
16-52 and 16-53 or Equations 9.5.2.7-1, 9.5.2.7-2, 9.5.2.7.1-1
and 9.5.2.7.1-2 of ASCE 7 is permitted to be taken equal to
zero. When the load combinations of Section 1605.3.2 are uti-
lized, a one-third increase in soil allowable stresses is permitted
for all load combinations that include W or E.

1616.2 Seismic use groups and occupancy importance fac-
tors. Each structure shall be assigned a seismic use group and a
corresponding occupancy importance factor (IE) as indicated in
Table 1604.5.

1616.2.1 Seismic Use Group I. Seismic Use Group I struc-
tures are those not assigned to either Seismic Use Group II
or III.

1616.2.2 Seismic Use Group II. Seismic Use Group II struc-
tures are those, the failure of which would result in a substan-
tial public hazard due to occupancy or use as indicated by
Table 1604.5, or as designated by the building official.

1616.2.3 Seismic Use Group III. Seismic Use Group III
structures are those having essential facilities that are re-
quired for postearthquake recovery and those containing
substantial quantities of hazardous substances, as indicated
in Table 1604.5, or as designated by the building official.

Where operational access to a Seismic Use Group III
structure is required through an adjacent structure, the adja-
cent structure shall conform to the requirements for Seismic
Use Group III structures. Where operational access is less
than 10 feet (3048 mm) from an interior lot line or less than
10 feet (3048 mm) from another structure, access protection
from potential falling debris shall be provided by the owner
of the Seismic Use Group III structure.

1616.2.4 Multiple occupancies. Where a structure is occu-
pied for two or more occupancies not included in the same
seismic use group, the structure shall be assigned the classi-
fication of the highest seismic use group corresponding to
the various occupancies.

Where structures have two or more portions that are struc-
turally separated in accordance with Section 1620, each por-
tion shall be separately classified. Where a structurally
separated portion of a structure provides required access to,
required egress from or shares life safety components with
another portion having a higher seismic use group, both por-
tions shall be assigned the higher seismic use group.

1616.3 Determination of seismic design category. All
structures shall be assigned to a seismic design category
based on their seismic use group and the design spectral
response acceleration coefficients, SDS and SD1, determined in
accordance with Section 1615.1.3 or 1615.2.5. Each building
and structure shall be assigned to the most severe seismic
design category in accordance with Table 1616.3(1) or
1616.3(2), irrespective of the fundamental period of vibration
of the structure, T. All concrete and masonry structures shall
be designed and constructed to meet as a minimum the
requirements of Seismic Design Category C, when the seis-
mic design category is calculated to be A or B. In such

instances Sections 903.3.5.2 and 1621 shall not apply except
as applicable to Seismic Design Categories A and B.

Exception: The seismic design category is permitted to be
determined from Table 1616.3(1) alone when all of the fol-
lowing apply:

1. The approximate fundamental period of the structure,
Ta, in each of the two orthogonal directions deter-
mined in accordance with Section 9.5.5.3.2 of ASCE
7, is less than 0.8 Ts determined in accordance with
Section 1615.1.4,

2. Equation 9.5.5.2.1-1 of ASCE 7 is used to determine
the seismic response coefficient, Cs, and

3. The diaphragms are rigid as defined in Section 1602.

TABLE 1616.3(1)
SEISMIC DESIGN CATEGORY BASED ON

SHORT-PERIOD RESPONSE ACCELERATIONS

VALUE OF SDS

SEISMIC USE GROUP

I II III

SDS < 0.167g A A A

0.167g ≤ SDS < 0.33g B B C

0.33g ≤ SDS < 0.50g C C D

0.50g ≤ SDS Da Da Da

a. Seismic Use Group I and II structures located on sites with mapped maxi-
mum considered earthquake spectral response acceleration at 1-second pe-
riod, S1, equal to or greater than 0.75g, shall be assigned to Seismic Design
Category E, and Seismic Use Group III structures located on such sites shall
be assigned to Seismic Design Category F.

TABLE 1616.3(2)
SEISMIC DESIGN CATEGORY BASED ON

1-SECOND PERIOD RESPONSE ACCELERATION

VALUE OF SD1

SEISMIC USE GROUP

I II III

SD1 < 0.067g A A A

0.067g ≤ SD1 < 0.133g B B C

0.133g ≤ SD1 < 0.20g C C D

0.20g ≤ SD1 Da Da Da

a. Seismic Use Group I and II structures located on sites with mapped maxi-
mum considered earthquake spectral response acceleration at 1-second pe-
riod, S1, equal to or greater than 0.75g, shall be assigned to Seismic Design
Category E, and Seismic Use Group III structures located on such sites shall
be assigned to Seismic Design Category F.

1616.3.1 Site limitation for Seismic Design Category E
or F. A structure assigned to Seismic Design Category E or
F shall not be sited over an identified active fault trace.

Exception: Detached Group R-3 as applicable in Sec-
tion 101.2 of light-frame construction.

1616.4 Design requirements for Seismic Design Category
A. Structures assigned to Seismic Design Category A need
only comply with the requirements of Sections 1616.4.1
through 1616.4.5.

1616.4.1 Minimum lateral force. Structures shall be pro-
vided with a complete lateral-force-resisting system de-
signed to resist the minimum lateral force, Fx, applied
simultaneously at each floor level given by Equation 16-49:

Fx = 0.01 wx (Equation 16-49)
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where: 

Fx = The de sign lat eral force ap plied at Level x. 
wx = The por tion of the to tal grav ity load of the struc ture, 

W, lo cated or as signed to Level x. 
W = The to tal dead load and other loads listed be low: 

1. In ar eas used for stor age, a min i mum of 25 per ­
cent of the re duced floor live load (floor live 
load in pub lic ga rages and open park ing struc ­
tures need not be in cluded). 

2. Where an al low ance for par ti tion load is in­
cluded in the floor load de sign, the ac tual par ti­
tion weight or a min i mum weight of 10 psf 
(0.479 kN/m2) of floor area, which ever is greater. 

3. To tal op er at ing weight of per ma nent equip ment. 

4. Twenty per cent of flat roof snow load where flat 
roof snow load ex ceeds 30 psf (1.44 kN/m2).

 The di rec tion of ap pli ca tion of seis mic forces used in de sign 
shall be that which will pro duce the most crit i cal load ef fect in 
each com po nent. The de sign seis mic forces are per mit ted to be 
ap plied sep a rately in each of two or thogo nal di rec tions and or ­
thogo nal ef fects are per mit ted to be ne glected.

 The ef fect of this lat eral force shall be taken as E in the 
load com bi na tions pre scribed in Sec tion 1605.2 for strength 
or load and re sis tance fac tor de sign meth ods, or Sec tion 
1605.3 for al low able stress de sign meth ods. Spe cial seis mic 
load com bi na tions that in clude Em need not be con sid ered. 

1616.4.2 Con nec tions. All parts of the struc ture be tween 
sep a ra tion joints shall be in ter con nected, and the con nec­
tions shall be ca pa ble of trans mit ting the seis mic force, Fp, 
in duced in the con nec tion by the parts be ing con nected. Any 
smaller por tion of the struc ture shall be tied to the re main der 
of the struc ture for Fp equal to 0.05 times the weight of the 
smaller por tion. A pos i tive con nec tion for re sist ing hor i zon­
tal forces act ing on the mem ber shall be pro vided for each 
beam, girder or truss to its sup port. The con nec tion shall 
have strength suf fi cient to re sist 5 per cent of the dead and 
live load ver ti cal re ac tion ap plied hor i zon tally. 

1616.4.3 An chor age of con crete or ma sonry walls. See 
Sec tion 1604.8.2. 

1616.4.4 Con ven tional light-frame con struc tion. Build ings 
con structed in com pli ance with Sec tion 2308 are deemed to 
com ply with Sec tions 1616.4.1, 1616.4.2 and 1616.4.3. 

1616.4.5 Tank free board. Tanks in Seis mic Use Group III 
ac cord ing to Ta ble 9.14.5.1.2 of ASCE 7 shall also com ply 
with the free board re quire ments of Sec tion 9.14.7.3.6.1.2 of 
ASCE 7. 

1616.5 Build ing con fig u ra tion. Build ings shall be clas si fied 
as reg u lar or irreg u lar based on the cri te ria in Sec tion 9.5.2.3 of 
ASCE 7. 

Ex cep tion: Build ings de signed us ing the sim pli fied anal y­
sis pro ce dure in Sec tion 1617.5 shall be clas si fied in ac cor-
dance with Sec tion 1616.5.1. 

1616.5.1 Build ing con fig u ra tion (for use in the sim pli fied 
anal y sis pro ce dure of Sec tion 1617.5). Build ings de signed 
us ing the sim pli fied anal y sis pro ce dure in Sec tion 1617.5 
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shall be clas si fied as reg u lar or ir reg u lar based on the cri te­
ria in this sec tion. Such clas si fi ca tion shall be based on the 
plan and ver ti cal con fig u ra tion. Build ings shall not ex ceed 
the lim i ta tions of Sec tion 1616.6.1. 

1616.5.1.1 Plan ir reg u lar ity. Build ings hav ing one or 
more of the fea tures listed in Ta ble 1616.5.1.1 shall be 
des ig nated as hav ing plan struc tural ir reg u lar ity and shall 
com ply with the re quire ments in the sec tions ref er enced 
in that ta ble. 

1616.5.1.2 Ver ti cal ir reg u lar ity. Build ings hav ing one 
or more of the fea tures listed in Ta ble 1616.5.1.2 shall be 
des ig nated as hav ing ver ti cal ir reg u lar ity and shall com­
ply with the re quire ments in the sec tions ref er enced in 
that ta ble. 

Ex cep tions: 

1. Struc tural ir reg u lar i ties of Type 1a, 1b or 2 in 
Ta ble 1616.5.1.2 do not ap ply where no story 
drift ra tio un der de sign lat eral load is greater 
than 130 per cent of the story drift ra tio of the 
next story above. Tor sional ef fects need not be 
con sid ered in the cal cu la tion of story drifts for 
the pur pose of this de ter mi na tion. The story 
drift ra tio re la tion ship for the top two sto ries of 
the build ing is not re quired to be eval u ated. 

2. Ir reg u lar ities of Types 1a, 1b and 2 of Ta ble 
1616.5.1.2 are not re quired to be  con sid ered for 
one-story build ings in any seis mic de sign cat e-
gory or for two-story build ings in Seis mic De ­
sign Cat e gory A, B, C or D. 

1616.6 Anal y sis pro ce dures. A struc tural anal y sis con form ing to 
one of the types per mit ted in Sec tion 9.5.2.5.1 of ASCE 7 or to the 
sim pli fied pro ce dure in Sec tion 1617.5 shall be made for all struc­
tures. The anal y sis shall form the basis for deter min ing the seis ­
mic forces, E and Em, to be applied in the load com bi na tions of 
Sec tion 1605 and shall form the basis for deter min ing the design 
drift as required by Sec tion 9.5.2.8 of ASCE 7 or Sec tion 1617.3. 

Ex cep tions: 

1. Struc tures as signed to Seis mic De sign Cat e gory A. 

2. De sign drift need not be eval u ated in ac cor dance with 
Sec tion 1617.3 when the sim pli fied anal y sis method 
of Sec tion 1617.5 is used. 

1616.6.1 Sim plified anal y sis. A sim pli fied anal y sis, in ac­
cor dance with Sec tion 1617.5, shall be per mit ted to be used 
for any struc ture in Seis mic Use Group I, sub ject to the fol ­
low ing lim i ta tions, or a more rig or ous anal y sis shall be made: 

1. Build ings of light-framed con struc tion not ex ceed ing 
three sto ries in height, ex clud ing base ments. 

2. Build ings of any con struc tion other than light-framed 
con struc tion, not ex ceed ing two sto ries in height, ex ­
clud ing base ments, with flex i ble di a phragms at ev ery 
level as de fined in Sec tion 1602. 
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TABLE 1616.5.1.1

PLAN STRUCTURAL IRREGULARITIES


SEISMIC DESIGN 
REFERENCE CATEGORYa 

IRREGULARITY TYPE AND DESCRIPTION SECTION APPLICATION 

Torsional Irregularity—to be considered when diaphragms are not flexible as determined in Section 1602.1.1 9.5.5.5.2 of ASCE 7 C, D, E and F 
1620.4.1 D, E and F1a Torsional irregularity shall be considered to exist when the maximum story drift, computed including 9.5.2.5.1 of ASCE 7 D, E and F accidental torsion, at one end of the structure transverse to an axis is more than 1.2 times the average 9.5.5.7.1 of ASCE 7 C, D, E and F of the story drifts at the two ends of the structure.


Extreme Torsional Irregularity—to be considered when diaphragms are not flexible as determined
 9.5.5.5.2 of ASCE 7 C, D, E and F in Section 1602.1. 
1620.4.1 D 

1b 1620.5.1 E and FExtreme torsional irregularity shall be considered to exist when the maximum story drift, computed and 9.5.2.5.1 of ASCE 7 D, E and F including accidental torsion, at one end of the structure transverse to an axis is more than 1.4 times the 9.5.5.7.1 of ASCE 7 C, D, E and F average of the story drifts at the two ends of the structure. 

Reentrant Corners

Plan configurations of a structure and its lateral-force-resisting system contain reentrant corners where both
2 1620.4.1 D, E and F projections of the structure beyond a reentrant corner are greater than 15 percent of the plan dimension of

 the structure in the given direction.


Diaphragm Discontinuity

Diaphragms with abrupt discontinuities or variations in stiffness, including those having cutout or open areas
3 1620.4.1 D, E and F greater than 50 percent of the gross enclosed diaphragm area, or changes in effective diaphragm stiffness of

 more than 50 percent from one story to the next.


Out-of-Plane Offsets 1620.4.1 D, E and F

4
 Discontinuities in a lateral-force-resistance path, such as out-of-plane offsets of the vertical elements. 9.5.2.5.1 of ASCE 7 D, E and F 

1620.2.9 B, C, D, E and F 

Nonparallel Systems 
5 The vertical lateral-force-resisting elements are not parallel to or symmetric about the major orthogonal axes 1620.3.2 C, D, E and F 

 of the lateral-force-resisting system. 

a. Seismic design category is determined in accordance with Section 1616. 

TABLE 1616.5.1.2 
VERTICAL STRUCTURAL IRREGULARITIES 

IRREGULARITY TYPE AND DESCRIPTION 
REFERENCE 

SECTION 

SEISMIC DESIGN 
CATEGORYa 

APPLICATION 

1a 
Stiffness Irregularity—Soft Story 
A soft story is one in which the lateral stiffness is less than 70 percent of that in the story above or less than
 80 percent of the average stiffness of the three stories above. 

9.5.2.5.1 of ASCE 7 D, E, and F 

1b 
Stiffness Irregularity—Extreme Soft Story 
An extreme soft story is one in which the lateral stiffness is less than 60 percent of that in the story above or
 less than 70 percent of the average stiffness of the three stories above. 

1620.5.1 
9.5.2.5.1 of ASCE 7 

E and F 
D, E and F 

2 
Weight (Mass) Irregularity 
Mass irregularity shall be considered to exist where the effective mass of any story is more than 150 percent
 of the effective mass of an adjacent story. A roof that is lighter than the floor below need not be considered. 

9.5.2.5.1 of ASCE 7 D, E and F 

3 
Vertical Geometric Irregularity 
Vertical geometric irregularity shall be considered to exist where the horizontal dimension of the lateral­
 force-resisting system in any story is more than 130 percent of that in an adjacent story. 

9.5.2.5.1 of ASCE 7 D, E and F 

4 
In-plane Discontinuity in Vertical Lateral-Force-Resisting Elements 
An in-plane offset of the lateral-force-resisting elements greater than the length of those elements or a
 reduction in stiffness of the resisting element in the story below. 

1620.4.1 
9.5.2.5.1 of ASCE 7 

1620.2.9 

D, E and F 
D, E and F 

B, C, D, E and F 

5 

Discontinuity in Capacity—Weak Story 
A weak story is one in which the story lateral strength is less than 80 percent of that in the story above. 
The story strength is the total strength of seismic-resisting elements sharing the story shear for the
 direction under consideration. 

1620.2.3 
9.5.2.5.1 of ASCE 7 

1620.5.1 

B, C, D, E and F 
D, E and F 

E and F 

a. Seismic design category is determined in accordance with Section 1616. 
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SECTION 1617

EARTHQUAKE LOADS—MINIMUM DESIGN

LATERAL FORCE AND RELATED EFFECTS


1617.1 Seismic load effect E and Em. The seismic load effect, 
E, for use in the basic load combinations of Sections 1605.2 and 
1605.3 shall be determined from Section 9.5.2.7 of ASCE 7. 
The maximum seismic load effect, Em, for use in the special 
seismic load combination of Section 1605.4 shall be the special 
seismic load determined from Section 9.5.2.7.1 of ASCE 7. 

Exception: For structures designed using the simplified 
analysis procedure in Section 1617.5, the seismic load ef­
fects, E and Em, shall be determined from Section 1617.1.1. 

1617.1.1 Seismic load effects, E and Em (for use in the 
simplified analysis procedure of Section 1617.5). Seismic 
load effects, E and Em, for use in the load combinations of 
Section 1605 for structures designed using the simplified 
analysis procedure in Section 1617.5 shall be determined as 
follows. 

1617.1.1.1 Seismic load effect, E. Where the effects of 
gravity and the seismic ground motion are additive, seis­
mic load, E, for use in Equations 16-5, 16-10 and 16-17, 
shall be defined by Equation 16-50: 

E = ρQE + 0.2SDSD	 (Equation 16-50) 

where: 

D = The effect of dead load. 

E = The combined effect of horizontal and vertical 
earthquake-induced forces. 

ρ = A redundancy coefficient obtained in accordance 
with Section 1617.2. 

QE = The effect of horizontal seismic forces. 

SDS = The design spectral response acceleration at 
short periods obtained from Section 1615.1.3 or 
1615.2.5. 

Where the effects of gravity and seismic ground mo­
tion counteract, the seismic load, E, for use in Equations 
16-6, 16-12 and 16-18 shall be defined by Equation 
16-51. 

E = ρQE – 0.2SDSD	 (Equation 16-51) 

Design shall use the load combinations prescribed in 
Section 1605.2 for strength or load and resistance factor 
design methodologies, or Section 1605.3 for allowable 
stress design methods. 

1617.1.1.2 Maximum seismic load effect, Em. The max­
imum seismic load effect, Em, shall be used in the special 
seismic load combinations in Section 1605.4. 

Where the effects of the seismic ground motion and 
gravity loads are additive, seismic load, Em, for use in 
Equation 16-19, shall be defined by Equation 16-52. 

Em = Ω0QE + 0.2SDSD (Equation 16-52) 

STRUCTURAL DESIGN 

Where the effects of the seismic ground and gravity 
loads counteract, seismic load, Em, for use in Equation 
16-20, shall be defined by Equation 16-53. 

Em = Ω0QE – 0.2SDSD (Equation 16-53) 

where E, QE, SDS are as defined above and Ω0 is the sys­
tem overstrength factor as given in Table 1617.6.2. 

The term Ω0QE need not exceed the maximum force 
that can be transferred to the element by the other ele­
ments of the lateral-force-resisting system. 

Where allowable stress design methodologies are 
used with the special load combinations of Section 
1605.4, design strengths are permitted to be determined 
using an allowable stress increase of 1.7 and a resistance 
factor, φ, of 1.0. This increase shall not be combined with 
increases in allowable stresses or load combination re­
ductions otherwise permitted by this code or the material 
reference standard except that combination with the du­
ration of load increases in Chapter 23 is permitted. 

1617.2 Redundancy. The provisions given in Section 9.5.2.4 
of ASCE 7 shall be used. 

Exception: Structures designed using the simplified analy­
sis procedure in Section 1617.5 shall use the redundancy 
provisions in Sections 1617.2.2. 

1617.2.1 ASCE 7, Sections 9.5.2.4.2 and 9.5.2.4.3. Modify 
Sections 9.5.2.4.2 and 9.5.2.4.3 as follows: 

9.5.2.4.2 Seismic Design Category D: For structures in 
Seismic Design Category D, ρ shall be taken as the largest 
of the values of ρx calculated at each story “x” of the struc­
ture in accordance with Equation 9.5.2.4.2-1 as follows: 

20
ρ = −2x 

r Amax xx 

where: 

rmaxx 
=	 The ratio of the design story shear resisted by 

the single element carrying the most shear force 
in the story to the total story shear, for a given 
direction of loading. For braced frames, the 
value of rmaxx 

is equal to the lateral force compo­
nent in the most heavily loaded brace element 
divided by the story shear. For moment frames, 
r shall be taken as the maximum of the sum maxx 
of the shears in any two adjacent columns in the 
plane of a moment frame divided by the story 
shear. For columns common to two bays with 
moment-resisting connections on opposite 
sides at the level under consideration, 70 per­
cent of the shear in that column is permitted to 
be used in the column shear summation. For 
shear walls, rmaxx 

shall be taken equal to shear in 
the most heavily loaded wall or wall pier multi­
plied by 10/lw (the metric coefficient is 3.3/lw), 
divided by the story shear, where lw is the wall 
or wall pier length in feet (m). The value of the 
ratio of 10/lw need not be greater than 1.0 for 
bu i ld ings  of  l igh t - f ramed cons t ruc­
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tion. For dual sys tems, rmaxx 
shall be taken as the 

max i mum value de fined above, con sid er ing all 
lat eral-load-re sist ing el e ments in the story. The 
lat eral loads shall be dis trib uted to el e ments 
based on rel a tive ri gid i ties con sid er ing the in ter­
ac tion of the dual sys tem. For dual sys tems, the 
value of ρ need not ex ceed 80 per cent of the value 
cal cu lated above. 

Ax = The floor area in square feet of the di a phragm 
level im me di ately above the story. 

Cal cu la tion of rmaxx
 need not con sider the ef fects of ac­

ci den tal tor sion and any dy namic am pli fi ca tion of tor­
sion re quired by Sec tion 9.5.5.5.2. 

For a story with a flex i ble di a phragm im me di ately 
above, rmaxx

 shall be per mit ted to be cal cu lated from an 
anal y sis that as sumes rigid di a phragm be hav ior and ρx, 
need not ex ceed 1.25. 

The value of ρ need not ex ceed 1.5, which is per mit ted 
to be used for any struc ture. The value of ρ shall not be 
taken as less than 1.0. 

Ex cep tion: For struc tures with seis mic-force-re sist­
ing sys tems in any di rec tion com prised solely of spe ­
cial mo ment frames, the seis mic-force-re sist ing 
sys tem shall be con fig ured such that the value of ρ 
calculated in ac cor dance with this sec tion does not ex­
ceed 1.25. The cal cu lated value of ρ is per mit ted to 
ex ceed this limit when the de sign story drift, Δ, as de­
ter mined in Sec tion 9.5.5.7, does not ex ceed Δa/ρ for 
any story where Δa is the al low able story drift from 
Ta ble 9.5.2.8. 

The met ric equiv a lent of Equa tion 9.5.2.4.2-1 is: 

61.
ρ	 = 2x rmax x 

Ax 

where: Ax is in square me ters. 

The value ρ shall be per mit ted to be taken equal to 1.0 
in the fol low ing cir cum stances: 

1. When cal cu lat ing dis place ments for dy namic am ­
pli fi ca tion of tor sion in Sec tion 9.5.5.5.2. 

2. When cal cu lat ing de flec tions, drifts and seis mic 
shear forces re lated to Sec tions 9.5.5.7.1 and 
9.5.5.7.2. 

3. For de sign cal cu la tions	 re quired by Sec tion 
9.5.2.6, 9.6 or 9.14. 

For struc tures with ver ti cal com bi na tions of seis­
mic-force-re sist ing sys tems, the value of ρ shall be de ter­
mined in de pend ently for each seis mic-force-re sist ing 
sys tem. The re dun dancy co ef fi cient of the lower por tion 
shall not be less than the fol low ing: 

RL ρu
ρL = 
R
u


where: 

ρL = ρ of lower por tion. 

RL = R of lower por tion. 
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ρu = ρ of up per por tion. 

Ru = R of up per por tion. 

9.5.2.4.3 Seis mic De sign Cat e go ries E and F. For struc ­
tures in Seis mic De sign Cat e go ries E and F, the value of ρ 
shall be cal cu lated as in di cated in Sec tion 9.5.2.4.2, 
above. 

Ex cep tion: For struc tures with lat eral-force-re sist ing 
sys tems in any di rec tion con sist ing solely of spe cial 
mo ment frames, the lat eral-force-re sist ing sys tem 
shall be con fig ured such that the value of ρ cal cu lated 
in ac cor dance with Sec tion 9.5.2.4.2 does not ex ceed 
1.1. The cal cu lated value of ρ is per mit ted to ex ceed 
this limit when the de sign story drift, D, as de ter mined 
in Sec tion 9.5.5.7, does not ex ceed Da/ρ for any story 
where Da is the al low able story drift from Ta ble 
9.5.2.8. 

1617.2.2 Redun dancy (for use in the sim pli fied anal y sis 
pro ce dure of Sec tion 1617.5). A redun dancy coef fi cient, ρ, 
shall be assigned to each struc ture designed using the sim pli­
fied anal y sis pro ce dure in Sec tion 1617.5 in accor dance with 
this sec tion. Build ings shall not exceed the lim i ta tions of Sec ­
tion 1616.6.1. 

1617.2.2.1 Seis mic De sign Cat e gory A, B or C. For 
struc tures as signed to Seis mic De sign Cat e gory A, B or 
C (see Sec tion 1616), the value of the re dun dancy co ef fi­
cient ρ is 1.0. 

1617.2.2.2 Seis mic De sign Cat e gory D, E or F. For 
struc tures in Seis mic De sign Cat e gory D, E or F (see Sec­
tion 1616), the re dun dancy co ef fi cient, ρ, shall be taken 
as the larg est of the val ues of, ρi, cal cu lated at each story 
“i” of the struc ture in ac cor dance with Equa tion 16-54, as 
fol lows: 

20 
ρ i = 2 -	 (Equa tion 16-54) 

rmax i 
Ai 

For SI: 
61.

ρ i = 2 
rmax i 

Ai 

where: 

rmax i 
= The ra tio of the de sign story shear re sisted by the 

most heavily loaded sin gle el e ment in the story to 
the to tal story shear, for a given di rec tion of load­
ing. 

rmax i 
= For braced frames, the value rmax i 

, is equal to the 
hor i zon tal force com po nent in the most heavily 
loaded brace el e ment di vided by the story shear. 

rmax i 
= For mo ment frames, rmax i 

, shall be taken as the 
max i mum of the sum of the shears in any two ad­
ja cent col umns in a mo ment frame di vided by the 
story shear. For col umns com mon to two bays 
with mo ment-re sist ing con nec tions on op po site 
sides at the level un der con sid er ation, it is per mit ­
ted to use 70 per cent of the shear in that col umn in 
the col umn shear sum ma tion. 
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rmax i 
= For shear walls, rmax i 

, shall be taken as the max i-
mum value of the prod uct of the shear in the wall 
or wall pier and 10/lw (3.3/lw for SI), di vided by 
the story shear, where lw is the length of the wall 
or wall pier in feet (m). In light-framed con struc­
tion, the value of the ra tio of 10/lw need not be 
greater than 1.0. 

rmax i 
= For dual sys tems, rmax i 

, shall be taken as the max­
i mum value de fined above, con sid er ing all lat­
eral-load-re sist ing el e ments in the story. The 
lat eral loads shall be dis trib uted to el e ments 
based on rel a tive ri gid i ties con sid er ing the in ter­
ac tion of the dual sys tem. For dual sys tems, the 
value of r need not ex ceed 80 per cent of the value 
cal cu lated above. 

Ai = The floor area in square feet of the di a phragm 
level im me di ately above the story. 

For a story with a flex i ble di a phragm im me di ately 
above, rmax i

 shall be per mit ted to be cal cu lated from an 
anal y sis that as sumes rigid di a phragm be hav ior and ρ 
need not ex ceed 1.25. 

The value, ρ, shall not be less than 1.0, and need not 
ex ceed 1.5. 

Cal cu la tion of r  need not con sider the ef fects of ac­max i
ci den tal tor sion and any dy namic am pli fi ca tion of tor­
sion re quired by Sec tion 9.5.5.5.2 of ASCE 7. 

For struc tures with seis mic-force-re sist ing sys tems in 
any di rec tion com prised solely of spe cial mo ment 
frames, the seis mic-force-re sist ing sys tem shall be con ­
fig ured such that the value of ρ cal cu lated in ac cor dance 
with this sec tion does not ex ceed 1.25 for struc tures as ­
signed to Seis mic De sign Cat e gory D, and does not ex ­
ceed 1.1 for struc tures as signed to Seis mic De sign 
Cat e gory E or F. 

Ex cep tion: The cal cu lated value of ρ is per mit ted to 
ex ceed these lim its when the de sign story drift, D, as 
de ter mined in Sec tion 1617.5.4, does not ex ceed Da/ρ 
for any story where Da is the al low able story drift from 
Ta ble 1617.3.1. 

The value ρ shall be per mit ted to be taken equal to 1.0 
in the fol low ing cir cum stances: 

1. When cal cu lat ing dis place ments for dy namic am­
pli fi ca tion of tor sion in Sec tion 9.5.5.5.2 of 
ASCE 7. 

2. When cal cu lat ing de flec tions, drifts and seis mic 
shear forces re lated to Sec tions 9.5.5.7.1 and 
9.5.5.7.2 of ASCE 7. 

3. For de sign cal cu la tions re quired by Sec tion 1620, 
1621 or 1622. 

For struc tures with ver ti cal com bi na tions of seis­
mic-force-re sist ing sys tems, the value, ρ, shall be de ter­
mined in de pend ently for each seis mic-force-re sist ing 
sys tem. The re dun dancy co ef fi cient of the lower por tion 
shall not be less than the fol low ing: 

RL ρuρL = R
(Equa tion 16-55) 

u 

where: 

ρL = ρ of lower por tion.

RL = R of lower por tion.


ρu = ρ of up per por tion.


Ru = R of up per por tion.


1617.3 Deflec tion and drift lim its. The pro vi sions given in 
Sec tion 9.5.2.8 of ASCE 7 shall be used. 

Ex cep tion: Struc tures de signed us ing the sim pli fied anal y­
sis pro ce dure in Sec tion 1617.5 shall meet the pro vi sions in 
Sec tion 1617.3.1. 

1617.3.1 De flec tion and drift lim its (for use in the sim pli­
fied anal y sis pro ce dure of Sec tion 1617.5). The de sign 
story drift, D, as de ter mined in Sec tion 1617.5.4, shall not 
ex ceed the al low able story drift, Da, as ob tained from Ta ble 
1617.3.1 for any story. All por tions of the build ing shall be 
de signed to act as an in te gral unit in re sist ing seis mic forces 
un less sep a rated struc tur ally by a dis tance suf fi cient to 
avoid dam ag ing con tact un der to tal de flec tion as de ter­
mined in Sec tion 1617.5.4. Build ings shall not ex ceed the 
lim i ta tions of Sec tion 1616.6.1. 

1617.4 Equiv a lent lat eral force pro ce dure for seis mic 
design of build ings. The pro vi sions given in Sec tion 9.5.5 of 
ASCE 7 shall be used. 

1617.5 Sim plified anal y sis pro ce dure for seis mic design of 
build ings. See Sec tion 1616.6.1 for lim i ta tions on the use of 
this pro ce dure. For pur poses of this ana lyt i cal pro ce dure, a  
build ing is con sid ered to be fixed at the base. 

1617.5.1 Seis mic base shear. The seis mic base shear, V, in a 
given di rec tion shall be de ter mined in ac cor dance with the 
fol low ing equa tion: 

12. SDS 
V = 

R
W (Equa tion 16-56) 

where: 

SDS = The de sign elas tic re sponse ac cel er a tion at short pe­
riod as de ter mined in ac cor dance with Sec tion 
1615.1.3. 

R = The re sponse mod i fi ca tion fac tor from Ta ble 
1617.6.2. 

W = The ef fec tive seis mic weight of the struc ture, in clud­
ing the to tal dead load and other loads listed be low: 

1. In ar eas used for stor age, a min i mum of 25 per ­
cent of the re duced floor live load (floor live 
load in pub lic ga rages and open park ing struc ­
tures need not be in cluded). 

2. Where an al low ance for par ti tion load is in­
cluded in the floor load de sign, the ac tual par ti­
tion weight or a min i mum weight of 10 psf of 
floor area, which ever is greater (0.48 kN/m2). 

3. To tal weight of per ma nent op er at ing equip ment. 
4. 20 per cent of flat roof snow load where flat 

snow load ex ceeds 30 psf (1.44 kN/m2). 
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TABLE 1617.3.1

ALLOWABLE STORY DRIFT, Da (inches)a


BUILDING 

SEISMIC USE GROUP 

I II III 

Buildings, other than masonry shear wall or masonry wall frame buildings, four stories 
or less in height with interior walls, partitions, ceilings and exterior wall systems that 
have been designed to accommodate the story drifts 

0.025 hsx 
b 0.020 hsx 0.015 hsx 

Masonry cantilever shear wall buildingsc 0.010 hsx 0.010 hsx 0.010 hsx 

Other masonry shear wall buildings 0.007 hsx 0.007 hsx 0.007 hsx 

Masonry wall frame buildings 0.013 hsx 0.013 hsx 0.010 hsx 

All other buildings 0.020 hsx 0.015 hsx 0.010 hsx 

For SI: 1 inch = 25.4 mm. 
a. There shall be no drift limit for sin gle-story build ings with in te rior walls, par ti tions, ceil ings and ex te rior wall sys tems that have been de signed to ac com mo date 

the story drifts. 
b. hsx is the story height be low Level x. 
c. Build ings in which the ba sic struc tural sys tem con sists of ma sonry shear walls de signed as ver ti cal el e ments can ti le vered from their base or foun da tion sup port 

which are so con structed that mo ment trans fer be tween shear walls (cou pling) is neg li gi ble. 

1617.5.2 Ver ti cal dis tri bu tion. The forces at each level 
shall be cal cu lated us ing the fol low ing equa tion: 

12. SDS 
F = 

R
w (Equa tion 16-57) x x 

where: 

wx = The por tion of the ef fec tive seis mic weight of the 
struc ture, W, at Level x. 

1617.5.3 Hor i zon tal dis tri bu tion. Di a phragms con­
structed of untopped steel deck ing or wood struc tural pan els 
or sim i lar light-framed con struc tion are per mit ted to be con­
sid ered as flex i ble. 

1617.5.4 De sign drift. For the pur poses of Sec tions 
1617.3.1 and 1620.4.6, the de sign story drift, D, shall be 
taken as 1 per cent of the story height un less a more ex act 
anal y sis is pro vided. 

1617.6 Seis mic-force-resist ing sys tems. The pro vi sions given 
in Sec tion 9.5.2.2 of ASCE 7 shall be used except as mod i fied 
in Sec tion 1617.6.1. 

Ex cep tion: For struc tures de signed us ing the sim pli fied 
anal y sis pro ce dure in Sec tion 1617.5, the pro vi sions of Sec­
tion 1617.6.2 shall be used. 

1617.6.1 Mod i fi ca tions to ASCE 7, Sec tion 9.5.2.2. 

1617.6.1.1 ASCE 7, Ta ble 9.5.2.2. Mod ify Ta ble 9.5.2.2 
as fol lows: 

1. Bear ing wall sys tems: Or di nary re in forced ma­
sonry shear walls shall use a re sponse mod i fi ca tion 
co ef fi cient of 21/2. Light-framed walls sheathed 
with wood struc tural pan els rated for shear re sis­
tance or steel sheets shall use a re sponse mod i fi ca­
tion co ef fi cient of 61/2. Ta ble 1617.6.2 en tries for 
or di nary plain pre stressed ma sonry shear walls, in­
ter me di ate pre stressed ma sonry shear walls and 
spe cial pre stressed ma sonry shear walls shall ap­
ply. 
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2. Build ing frame sys tems: Or di nary re in forced ma ­
sonry shear walls shall use a re sponse mod i fi ca tion 
co ef fi cient of 3. Light-framed walls sheathed with 
wood struc tural pan els rated for shear re sis tance or 
steel sheets shall use a re sponse mod i fi ca tion co ef­
fi cient of 7. Ta ble 1617.6.2 en tries for or di nary 
plain pre stressed ma sonry shear walls, in ter me di­
ate pre stressed ma sonry shear walls and spe cial 
pre stressed ma sonry shear walls shall ap ply. 

3. Dual sys tems with in ter me di ate mo ment frames 
ca pa ble of re sist ing at least 25 per cent of pre­
scribed seis mic forces. Spe cial steel con cen tri cally 
braced frames shall use a de flec tion am pli fi ca tion 
fac tor of 5. 

4. The ta ble col umn ti tled De tailing Ref er ence Sec ­
tion in Ta ble 1617.6.2 shall ap ply. 

1617.6.1.2 ASCE 7, Sec tion 9.5.2.2.2.1. Mod ify Sec tion 
9.5.2.2.2.1 by add ing Ex cep tion 3 as fol lows: 

3. The fol low ing two-stage static anal y sis pro ce dure 
is per mit ted to be used for struc tures hav ing a flex i­
ble up per por tion sup ported on a rigid lower por­
tion where both por tions of the struc ture 
con sid ered sep a rately can be clas si fied as be ing 
reg u lar, the av er age story stiff ness of the lower por­
tion is at least 10 times the av er age story stiff ness 
of the up per por tion and the pe riod of the en tire 
struc ture is not greater than 1.1 times the pe riod of 
the up per por tion con sid ered as a sep a rate struc­
ture fixed at the base: 

3.1. The flex i ble up per por tion shall be de­
signed as a sep a rate struc ture us ing the ap ­
pro pri ate val ues of R and ρ. 

3.2. The rigid lower por tion shall be de signed 
as a sep a rate struc ture us ing the ap pro pri­
ate val ues of R and ρ. The re ac tions from 
the up per por tion shall be those de ter mined 
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from the anal y sis of the up per por tion am ­
pli fied by the ra tio of the R/ρ of the up per 
por tion over R/ρ of the lower por tion. This 
ra tio shall not be less than 1.0. 

1617.6.2 Seis mic-force-re sist ing sys tems (for use in the 
Sim plified anal y sis pro ce dure of Sec tion 1617.5). The ba­
sic lat eral and ver ti cal seis mic-force-re sist ing sys tems shall 
con form to one of the types in di cated in Ta ble 1617.6.2 sub ­
ject to the lim i ta tions on height in di cated in the ta ble based 
on seis mic de sign cat e gory as de ter mined in Sec tion 1616. 
The ap pro pri ate re sponse mod i fi ca tion co ef fi cient, R, sys­
tem overstrength fac tor, W0, and de flec tion am pli fi ca tion 
fac tor, Cd, in di cated in Ta ble 1617.6.2 shall be used in de ter­
min ing the base shear, el e ment de sign forces and de sign 
story drift. For seis mic-force-re sist ing sys tems not listed in 
Ta ble 1617.6.2, an a lyt i cal and test data shall be sub mit ted 
that es tab lish the dy namic char ac ter is tics and dem on strate 
the lat eral-force re sis tance and en ergy dis si pa tion ca pac ity 
to be equiv a lent to the struc tural sys tems listed in Ta ble 
1617.6.2 for equiv a lent re sponse mod i fi ca tion co ef fi cient, 
R, sys tem overstrength co ef fi cient, W0, and de flec tion am ­
pli fi ca tion fac tor, Cd, val ues. Build ings shall not ex ceed the 
lim i ta tions of Sec tion 1616.6.1. 

Ex cep tion: Struc tures as signed to Seis mic De sign Cat e-
gory A. 

1617.6.2.1 Dual sys tems. For a dual sys tem, the mo ment 
frame shall be ca pa ble of re sist ing at least 25 per cent of 
the de sign forces. The to tal seis mic force re sis tance is to 
be pro vided by the com bi na tion of the mo ment frame and 
the shear walls or braced frames in pro por tion to their 
stiff ness. 

1617.6.2.2 Com bi na tion along the same axis. For other 
than dual sys tems and shear wall-frame in ter ac tive sys ­
tems, where a com bi na tion of dif fer ent struc tural sys­
tems is uti lized to re sist lat eral forces in the same 
di rec tion, the value, R, used for de sign in that di rec tion 
shall not be greater than the least value for any of the sys­
tems uti lized in that same di rec tion. 

Ex cep tion: For light-framed, flex i ble di a phragm 
build ings, of Seis mic Use Group I and two sto ries or 
less in height: Re sisting el e ments are per mit ted to be 
de signed us ing the least value of R for the dif fer ent 
struc tural sys tems found on each in de pend ent line of 
re sis tance. The value of R used for de sign of di a­
phragms in such struc tures shall not be greater than 
the least value for any of the sys tems uti lized in that 
same di rec tion. 

1617.6.2.3 Com bi na tions of fram ing sys tems. Where 
dif fer ent seis mic-force-re sist ing sys tems are used along 
the two or thogo nal axes of the struc ture, the ap pro pri ate 
re sponse mod i  fi  ca t ion co ef fi  cient,  R ,  sys tem 
overstrength fac tor, W0, and de flec tion am pli fi ca tion fac ­
tor, Cd, in di cated in Ta ble 1617.6.2 for each sys tem shall 
be used. 

1617.6.2.3.1 Com bi na tion fram ing fac tor. The re­
sponse mod i fi ca tion co ef fi cient, R, in the di rec tion 
un der con sid er ation at any story shall not ex ceed the 
low est re sponse mod i fi ca tion co ef fi cient, R, for the 
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seis mic-force-re sist ing sys tem in the same di rec tion 
con sid ered above that story, ex clud ing pent houses. 
The sys tem overstrength fac tor, W0, in the di rec tion 
un der con sid er ation at any story, shall not be less than 
the larg est value of this fac tor for the seis­
mic-force-re sist ing sys tem in the same di rec tion con ­
sid ered above that story. In struc tures as signed to 
Seis mic De sign Cat e gory D, E or F, if a sys tem with a 
re sponse mod i fi ca tion co ef fi cient, R, with a value less 
than five is used as part of the seis mic-force-re sist ing 
sys tem in any di rec tion of the struc ture, the low est 
such value shall be used for the en tire struc ture. 

Ex cep tions: 

1. De tached one- and two-fam ily dwell ings 
con structed of light fram ing. 

2. The re sponse mod i fi ca tion co ef fi cient,	 R, 
and sys tem overstrength fac tor, W0, for sup ­
ported struc tural sys tems with a weight 
equal to or less than 10 per cent of the weight 
of the struc ture are per mit ted to be de ter­
mined in de pend ent of the val ues of these pa-
ram e ters for the struc ture as a whole. 

3. The fol low ing two-stage static anal y sis pro ­
ce dure is per mit ted to be used for struc tures 
hav ing a flex i ble up per por tion sup ported on 
a rigid lower por tion where both por tions of 
the struc ture con sid ered sep a rately can be 
clas si fied as be ing reg u lar, the av er age story 
stiff ness of the lower por tion is at least 10 
times the av er age story stiff ness of the up per 
por tion and the pe riod of the en tire struc ture 
is not greater than 1.1 times the pe riod of the 
up per por tion con sid ered as a sep a rate struc­
ture fixed at the base: 

3.1. The flex i ble up per por tion shall be de­
signed as a sep a rate struc ture us ing the 
ap pro pri ate val ues of R and ρ. 

3.2. The rigid lower por tion shall be de­
signed as a sep a rate struc ture us ing the 
ap pro pri ate val ues of R and ρ. The re­
ac tions from the up per por tion shall be 
those de ter mined from the anal y sis of 
the up per por tion am pli fied by the ra ­
tio of, R/ρ, of the up per por tion over, 
R/ρ, of the lower por tion. This ra tio 
shall not be less than 1.0. 

1617.6.2.3.2 Com bi na tion fram ing de tail ing re­
quire ments. The de tail ing re quire ments of Sec tion 
1620 re quired by the higher re sponse mod i fi ca tion 
co ef fi cient, R, shall be used for struc tural com po nents 
com mon to sys tems hav ing dif fer ent re sponse mod i fi­
ca tion co ef fi cients. 

1617.6.2.4 Sys tem lim i ta tions for Seis mic De sign Cat-
e gory D, E or F. In ad di tion to the sys tem lim i ta tion in di­
cated in Ta ble 1617.6.2, struc tures as signed to Seis mic 
De sign Cat e gory D, E or F shall be sub ject to the fol low­
ing. 
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