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FOREWORD

Seismic requirements have been part of ASME A17.1/CSA B44 since 1981 with their introduction in Appendix F.
A17.1/B44 seismic requirements are based on input provided from building code seismic maps and charts. Since the
mid- 1980s, bu11d1ng codes and their seismic maps and charts have undergone major mod1f1cat10ns These mod1f1ca-

8.4, fealigned with the latest building codes available at the time, IBC 2009 and NBCC 2010.

In|conjunction with the publication of ASME A17.1-2013/CSA B44-13, this first edition of the Guide,for Elevato
Seisthic Design is being released. The Guide was prepared by the ASME A17.1/CSA B44 Earthquake Safety-Committee
This|Guide is intended as an aid to the user to better understand the history behind the development of the lates
building and elevator safety codes, the rationale behind the latest Section 8.4 revisions, and the proper application o
the Jection 8.4 requirements in conjunction with a jurisdiction’s adopted building code.

Pyblication of this Technical Report has been approved by ASME in accordance with the Proc¢edures for Development
of APME Technical Reports. This Guide is not an American National Standard and the material contained herein i
not pormative in nature. Comments on the content of this Guide should be sent_to.the Secretary, A17 Standard
ConInittee, The American Society of Mechanical Engineers, Two Park Avenue, NéwYork, NY 10016-5990.

iv
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Part 1
Modification of ASME A17.1-2010, Section 8.4, Elevator Safety
Requirements for Seismic Risk Zone 2 or Greater

-1 SCOPE

This Guide provides rationale for elevator seismic
orce determination in Section 8.4. It details ASME A17.1
harmonization efforts with all building codes and sum-
marizes the harmonization impact on elevator design
Uia force comparisons based on component, component
mounting location, and building geographical loca-
ion, and provides an International Building Code (IBC)
uick reference for seismic requirements and equivalent
rone force levels.

-2 INTRODUCTION

For many years, U.S. and Canadian model build-
ng codes such as the Uniform Building Code (UBC),
btandard (Southern) Building Code (SBC), and National
Building Code of Canada (NBCC) differentiated the force
evels expected during seismic activity by zonesZFor
bxample, a building in a zone 1 location was expeceted to
ee lower seismic forces than a building in a zorte 2 loca-
ion. A United States Geological Survey (USGS) map of
he U.S. (see Fig. 1-2-1), published in the\various build-
ng codes, indicated the appropriate zone for any part of
he country.

Seismic requirements were fitst specified in ASME
A17.1-1981, Appendix F. They were based on ANSI
A58.1, the American Nafional Standard Building Code
Requirements for Minimum Design Loads in Buildings
hnd Other Structures, Seismic force levels that the eleva-
or must withstand would vary based on whether the
ubject building'was in a zone 2 or zone 3 location. Zone
| locations-did not have elevator seismic requirements.
[herefofe] to determine elevator seismic forces for any
part of the country, one would review the appropriate,
hdepteéd building code for that particular location, deter-

hina tha zaona for that locatian feams tho cnlcmic Zomo
H h Sa2s €—SEaH

of a velocity-related coefficient, A . The)ground metion
parameter, in addition to other building variables{was
input into an equation to detexmine seismic force lev-
els for building structural (buildings) and nonstrudtural
components (elevators, escalators, etc.). Throughoyt the
late 1980s and 1990s, the'model building codes [Building
Officials and Code,Administrators International, Inc.
(BOCA), UBC, SBEJbegan adopting these new maps
and variations.of-the NEHRP seismic force equation
into their codles: In Canada, the 1985 edition of NBCC
discarded Cahada’s traditional seismic zones for seven
seismiezones based on the velocity-related seismic zone
parafneter, Z .
With different building codes using different sefsmic
force equations and no longer using traditional sefsmic
zone maps, the need to properly align the A17.1/B44seis-
mic requirements with the new building codes be¢ame
imperative. Requirement 8.4.13, introduced in the| har-
monized ASME A17.1/CSA B44 2000 edition, correlated
ground motion parameters (such as A, and Z ) to the tra-
ditional seismic zones. Using this correlation, the A17.1/
B44 requirements could continue to be used as writtpn.
For reference, the correlating values were as follgws:

(UL.S.: See A17.1/B44, 8.4.13.1)

Zone(s) Affected Peak Velocity Acceleration, A
0and1 A,<0.10

2 0.10=A,<0.20
3and 4 0.20=A,

(Canada: See A17.1/B44, 8.4.13.2)

map used by that building code, and then reference the
appropriate elevator forces for that zone in A17.1.

In the mid-1980s, the National Earthquake Hazard
Reduction Program (NEHRP) published its Recom-
mended Provisions for the Development of Seismic
Regulations for New Buildings with new seismic maps
from the USGS. Instead of using zones, these new con-
tour maps designated seismic ground motion in terms

Zone(s) Velocity-Related Seismic Zone, Z,
2 2=7.<4
=3 4= Zv

NOTE: All future references in this Guide refer to ASME A17.1/CSA
B44 unless otherwise stated.

In 1994, the three U.S. model building codes [Interna-
tional Conference of Building Officials (ICBO), BOCA,
and Southern Building Code Conference International
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Fig. 1-2-1 Seismic Zone Map

NOTE
As regroduced from

Seisnfic Zone Map

Excerpted from the 1994 SBCCI Standard Building Code, Copyright 1994.
Figurq 16-2 Seismic Zone Map

Excerpted from the 1997 Uniform Building Code, Copyright\1997.
Wash|ngton, D.C.: International Code Council.

Repraduced with permission. All rights reserved. www.CCSAFE.org

(SBACI)] established the Intermatienal Code Council
(ICQ). In 2000, ICC began publishing one comprehen-
sive [code, the InternationalBuilding Code (IBC). The
IBC 2000 code used the datest USGS maps (now contour
map$ with a groundwamotion parameter of earthquake
specfral response dcceleration) and NEHRP guidelines
for ifs seismic force frequirements. ASCE 7-02, recognized
as thee U.S. standard for seismic force requirements, was
referpnced. by IBC 2003. As with IBC 2000, ASCE 7-02
and |atet-editions referenced the latest USGS maps and
NEHRPR’guidelines as the basis for its force requirements.

the maps or charts no longer refer to zones or the A o
Z  parameters, A17.1/B44 seismic requirements must
now be properly aligned with the IBC and NBCC 2005.

A small number of jurisdictions still enforce building
codes that predate IBC/NBCC 2005. To ensure completd
coverage of all existing building codes, Section 8.4 pro
vides a methodology to ensure elevator design seismi
force levels meet either

(a) IBC and NBCC 2005 requirements

(b) traditional seismic zone requirements

(c) requirements of building codes preceding IBC ang

Similar to IBC, the NBCC 2005 code used location-specific
spectral response acceleration values (published in chart
form) and NEHRP guidelines as the basis for its seismic
force requirements.

Since their introduction in April 2000 and 2005, respec-
tively, the IBC and NBCC 2005 have been adopted by a
majority of jurisdictions as their building code. Because

NBCC 2005, where seismic force levels are based on A,
orZ,

Requirement 8.4(a) dictates whether seismic design is
required based on the enforcing building code require-
ments. Requirement 8.4(b) specifies the appropriate
seismic force level required for design, based on the
enforcing building code requirements.
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1-3 ELEVATOR DESIGN IMPACT WITH IBC/NBCC

A comparison of the A17.1/B44 and IBC/NBCC (2005
and later editions) seismic requirements was conducted
to determine how elevator design will be impacted with
the adoption of IBC/NBCC seismic requirements.

For equivalent-sized components, horizontal force
levels as specified by each code were compared. From

R = component response modification factor = 2.5 for
elevators and escalators (reference Table 1621.3 of
IBC 2000 and Table 13.6-1 of ASCE 7-10)

Spg = design spectral response acceleration (short

period, 5% damped) = (%)(I—“ J(S,) [reference

Table 1613.5.3(1) of IBC 2006 and Table 11.4-1 of

;lEI'iVEd foLE levelb, gEUgfdPiliL dIcds Iildt IIligilI 1[)E
mpacted with force levels above current A17.1/B44
eismic zone force levels were noted. Since IBC/NBCC
orce levels vary with component height in the building,
orce level comparisons throughout the building height
vere also conducted.

Horizontal seismic force levels as dictated in A17.1/
B44, IBC/ASCE 7, and NBCC are specified in 1-3.1 below.

1-3.1 Horizontal Seismic Force Levels

1-3.1.1 A17.1/B44. For seismic zone 3 areas, A17.1/
B44 requires elevator components to withstand the force
equired to produce an acceleration of ¥ gravity or gravity,
Hepending on the component being described.
For seismic zone 3

F = horizontal seismic force level (Allowable Stress
Design) = O.SWP or 0.25W,

1-3.1.2 IBC/ASCE 7

F, = horizontal seismic design force (Strength Design)

)

I

p

NOTE:

\s reproduced from

Fquation 1621.4

Excerpted from the 2000 Intérnational Building Code, Copyright
000.

Washington, D.C.: Interhational Code Council.

Reproduced with permission. All rights reserved.
(vww.ICCSAFE.ofg

with F, not required to be taken as greater than

= 1685, W,

hindE 5 shall not be taken as less than
F. =03S, W,

ASCE 7-10]
F_ = coefficient based on site class for btiilfling
S, = seismic map value (contour lines) = the

mapped maximum consideredlearthquake

spectral response acceleration pararpeter

at short periods

W, = component operating weight (now defingd in
A17.1/B44, 8.4.15)

z = height in structure of point of attachment of fom-
ponent with respectto the defined building|base
provided by thesbuilding structural engineer.

For items ator_ below the base, z shall be takpn as

zero. The-value of z/h need not exceed 1.0.

NOTE: S, I o building base, and & to be provided by the buflding
structural engineer (see Fig. 1-3.1.2-1).

1-3.1.3 NBCC 2005 and Later Editions

F, = horizontal seismic force (Strength Design)
0.3F,S,(0.2)I[;S,W,

NOTE: As reproduced from NBCC 2010, Division B, Article 4.1.8.18,
published by the National Research Council of Canada (NR().
where
F, = acceleration-based site coefficient, defined

in NBCC 2010, Table 4.1.8.4.B

= horizontal force applied through centpr of

mass of the component (NBCC 2010 refers

to its horizontal seismic force as V. Theterm

FP has been adopted by A17.1/B44 for|con-

sistency with IBC/ASCE 7.)

I = importance factor for the building, defined

in NBCC 2010, Article 4.1.8.5

5,0.2) =5% damped spectral response acceleration
value, expressed as a ratio to gravitatjonal
acceleration, for a period of 0.2 s, defined in

NBCC 2010, 4.1.8.4(1)

S, = C,AA/R, (where 5, may range between 0.7

and 4.0) w1th

A, = component force amplification fhctor

from NBCC 2010, Table 4.1.8.18

where

a, = component amplification factor = 1 for eleva-
tors and escalators (reference Table 1621.3 of
IBC 2000 and Table 13.6-1 of ASCE 7-10)

h = average roof height of structure with respect
to the defined building base, provided by the
building structural engineer

L, = component importance factor = 1.00 or 1.50

A — hoioht £o 0t I1 -+ ’)ln [l \n"‘a.k
e EovaL )

T H- TR EtOF =Wt
X e

h, = average roof height of structure
with respect to the base, pro-
vided by the building structural
engineer. The value of h/h,

need not exceed 1.0.
h, = height in structure of point of
attachment of component with
respect to the defined building
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Fig. 1-3.1.2-1 Building Base Designation and Associated Variables

z=h(U.S))
h, = h, (Canada)—

Va Machine room penthouse

o | e

—— z=h(U.S)
h, = h, (Canada)

Average roof height of

structure as provided by

[ U H :
oororgrergnreet

| —z=0(US.)
RIS, o (Canada)
===

_bus) — s HI=EIEIENE=IE - Vertical location
z= -9 |_ o EﬂEmE ..... e 'fﬂ:m:m:m:m:m: of base to be
hy$ 0 (Canada) Ll Il=lE LI provided by

For gomponent I ﬁ@ﬁ@ﬁ 5 S ETETETETET structural
locptions below T == o IEITEITENENIEN= engineer
building base = R =—D=—=1=—11=—I1I}

base provided by the building
structuraj-engineer. For items
at or below’ the base, z shall be
taken as zero.

Cp = componeént factor as listed in NBCC
2010,Table 4.1.8.18
R = compoenent response modification fac-

tor. from NBCC 2010, Table 4.1.8.18
W, = component operating weight (now defined
inA17.1/B44, 8.4.15)

NOTE: F /1, 'building base, and }, to be provided by the building
strucfuralerigineer (see Fig. 1-3.1.2-1).

force levels above and load combination equations, i1
Strength Design (SD) [also known as Load and Resistancq
Factor Design (LRFD) in the U.S. or Limit States Design)
(LSD) in Canada]. For reference documents such af
A17.1 that use ASD, IBC/ASCE 7 permits its earthquakgd
loads to be multiplied by a factor of 0.7, provided thq
reference document (A17.1/B44) considers load combi
nations of dead, live, operating, and earthquake loads ir
addition to its other loads (reference ASCE 7-10, require
ment 13.1.7). Acceptable factored load combinations fo
ASD are also offered by IBC in Section 1605.3 and ASCH
7-10 in Section 2.4. Requirement 13.1.7 and the factored
load combinations effectively include the one-thir

A17717B34 and older building code requirements are
based on Allowable Stress Design (ASD). As noted in
the AISC Manual of Steel Construction: Allowable Stress
Design (AISC 335-89), a one-third increase in allowable
stress was permitted for earthquake loads. Beams, com-
ponents, and fastenings would be sized for earthquake
loads with this increased stress.

IBC/ASCE 7 and NBCC 2005 (and later editions)
provide requirements, including the horizontal seismic

stress increase (allowed under ASD) within the loading
requirements.

Unlike the IBC, NBCC 2005 (and later editions) makes
no provision for reference documents still using ASD.!
NBCC 2005 (and later editions) provides its requirements,

LIn recent years, SD (LRFD/LSD) has become more prevalent
in use amongst many industries. SD methods have been largely
accepted in Canada, but are still not wholly adopted in the U.S.
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including horizontal seismic force and load combination
equations, solely in SD/LSD. SD and ASD are separate
design methodologies and cannot be used interchange-
ably. In order to incorporate the new NBCC requirements
within the ASD-based A17.1/B44, the earthquake loads
and load combination equations are factored as allowed
by ASCE 7-10, requirement 13.1.7. The one-third stress
increase allowance is also removed.

NBCC (h,) seismic force equation, IBC and NBCC forces
in the center and lower portions of the building will be
reduced. Therefore, the impact of changing to IBC and
NBCC forces should be greatly reduced in the mid to
lower half of buildings.

Table 1-3.1.3-2 indicates the impact of the introduc-
tion of IBC/NBCC 2005 (and later editions) seismic
force levels for a building in the U.S. and Canada. The

In generic terms of stress equality

A17.1/B44 IBC/ASCE 7 NBCC 2010
1330 = P_A171 o= 7o iBC o~ %7Fp_necc
An17.1 Agc ANBCC

The impact on elevator design may be determined
by comparing force levels needed to generate similarly
ized components under each code.

Az = Apc and Ayyy; = Aypee
Substituting from the generic stress equalities yields
075F, 5171 = 0.7F, seand 0.75F, 517, = 0.7F, e

T

p_A17.1

F

pA17.1 % Fp 1BC and F w71 = F,

_NBCC

The resulting equations indicate that to obtain simi-
arly sized components, the IBC/NBCC SD-based seis-
mic force would need to equal the A17.1/B44 ASD-based
eismic force.

The IBC/NBCC seismic force equations can be writ-
en in terms of their geographically defined spectral
esponse acceleration values, S, and S (0.2), respectively.
By equating these formulas to a known A17.1/B44 seis-
mic zone level force, the value of Sjhand S,(0.2) that
vould equal the A17.1/B44 force can/be determined.
Any S or S (0.2) that exceeds thatwalue on the IBC con-
our maps or the NBCC 2005 seismic data tables would
ndicate locations where lafger’ force levels and more
obust elevator designs would be required.

The largest expected ditference between A17.1/B44
ind IBC/NBCC fofce levels was for guide rails/rail
prackets at the upper portion of the building, due to the
ntroduction efdhe amplification factor in IBC/NBCC
orce equations. Because of their dependence on com-
ponent_Keight placement in the building, IBC/NBCC
orceswat the top of the building would be up to 1.6 times
breatér than at the building base. When compared to
height-invariant A17.1/B44 rail bracket forces, the force

chart indicates that for the upper half of a buildinlg, in
areas where A17.1/B44 zone 3 requires only 0.5g.seismic
forces (such as rail brackets), seismic forceswill increase
for some portions of the country. Other locations wiithin
the building will see little to no increase.above A17.1/
B44 seismic zone force levels.

1-4 USING IBC/ASCE 7 FOR.ELEVATOR SEISM|C
DESIGN (QUICK REFERENCE)

By obtaining the following IBC parameters, the heed
for elevator seismic\design and required seismic force
levels can be detérmined:

— Seismic Design Category (SDC)

-1,

~Sps

— location of the base of the building

~average roof height of the building

For quick reference, Table 1-4-1 correlates threel IBC
parameters (at the worst-case height ratio) and the
equivalent seismic zone that would meet or exceed all
necessary IBC force levels required.

1-5 SUMMARY

While at times requiring slightly increased sejsmic
force levels in the upper half of the building, pafticu-
larly in the area of rail bracket selection and spafing,
adoption of the IBC/NBCC seismic force levels might
result in less stringent seismic forces in the lower half of
the building than are currently required by A17.1{ Use
of IBC contour maps and the NBCC seismic data ¢hart
may introduce seismic requirements in areas that| had
been traditionally nonseismic. Regardless of the chajnges
these force levels will dictate, the benefits of clarity in the
code and use of the latest and most accurate information
in seismic force protection are warranted.

In addition to the code proposals and this Guigle, a
sample calculation section has been developed tq fur-
ther explain the proper force selection for all building

levels required by IBC/NBCC at the top of the build-
ing were expected to generate design changes for a large
portion of the U.S. and Canada. The comparison of IBC/
NBCC force levels and A17.1/B44 seismic zone 3 guide
rail force levels is detailed in Table 1-3.1.3-1.

The comparison in Table 1-3.1.3-1 of A17.1/B44 zone
3 and IBC/NBCC 2010 forces is taken at the top of a
building. Due to the height variable in the IBC (z) and

codes and the proper use of the new IBC/NBCC seismic
forces with existing A17.1, Section 8.4 requirements.

1-6 EXPLANATION OF TERMS

ASCE7 = American Society of Civil Engineers
Standard for Minimum Design Loads
for Buildings and Other Structures. The
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Table 1-3.1.3-1 Geographic Impact Comparison: IBC/NBCC Versus A17.1/B44

Seismic Zone 3 (Guide Rail)

Step

For A17.1, Seismic
Zone 3 or Greater

For IBC/ASCE 7

For NBCC 2005 (and Later Editions)

1. Identify force Fp = O.SWp NOTE: An additional increase may be Fp = O.BFGSH(O.Z)IESpr
formulas required for anchorage in concrete/
as given by masonry (reference ASCE 7, 13.4.2). or (including all variables)
odce.
0.3F,54(0.2)IcCHA, | 1+ 2
F,—| $4%5Ds [Hz(zﬂw F,= ’ in )y
T T e Y N P p
Ip
2. S|mplify Values of a_ and R are standardized Value of Cp = 1 for any nénstructural compo-
orce for- for elevators as listed in the equation nent (rigid components,otr machinery)
nula where description above. Inserting their
ossible. values, F, is simplified to A, = 1 forrigidigomponents and machinery

3. Lok at worst
ase (top of
uilding).

Fp =0.5 Wp (listed
forComparison
referénce only)

F,= 0.16S,/ [1 + 2(z/h)]Wp

DS'p

The highest values of Fp will occur at
the top of the building, where z = h.

Incorporating this condition simplifies
Fp to

F, = 0.48Sys W,

rigidly corinected
A, = 2.5,for machinery flexibly connected

Rp = 2.5 for rigid components and machinery
flexibly connected

Rp = 1.25 for machinery rigidly connected
Inserting these values gives

for rigid components with ductile material

h
Fp=0.12F;54(0.2)Ig [1 + 2ﬁ]wp

for machinery with rigid connections

h
Fp=0.24F3S,(0.2)Ig [1 + 2ﬁ]wp

for machinery with flexible connections

h
Fp =0.3F,54(0.2)l (1 + 2ﬁjwp

The highest values of F, will occur at the top of

the building, where h, = h,.
Incorporating this condition simplifies Fp to
for rigid components with ductile material
F,=0.36F,5,0.2) I W,

for machinery with rigid connections

F,=0.72F,5,(0.2) I, W,
for machinery with flexible connections

F,=0.9F,5,0.2) I, W,
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Table 1-3.1.3-1 Geographic Impact Comparison: IBC/NBCC Versus A17.1/B44
Seismic Zone 3 (Guide Rail) (Cont'd)

Step

For A17.1, Seismic
Zone 3 or Greater

For IBC/ASCE 7

For NBCC 2005 (and Later Editions)

4. Look at impor-
tance factors.

F, = 0.5W, (listed
for comparison
reasons only)

Ip has two possible values

Ip =1.00r Ip =15

I has four possible values

IE= 0.8,1.0,1.3,0r1.5

5. Write IBC force
levels in

terms of spec-

tral response
acceleration
values, S, and
5,00.2).

Fp =0.5 Wp
(shown for refer:
ence only)

For buildings with Ip =1
F,=0.485,W,
For buildings with Ip =1.5

F,=0.725)W,

Spsis related to the USGS map contour
lines by

Sos =3(7)(Ss)

where

F, = site coefficient listed in Table
1613.5.3(1)

< = contour lines on USGS 0.2-sec
spectral response maps

Inserting new value for S, yields

For comparison with IBC, only /. = 1.0 and
Ip = 1.5 will be detailed.

For buildings with /. =1
for rigid components withductile materid
F,= 0.36f,5,0.2)W,
for machifiery with rigid connections
F,=0.72FS,(0.2W,
for machinery with flexible connections
F,= 0.9F,5,(0.2) w,
For buildings with /[, = 1.5
for rigid components with ductile materi
F,=0.54F,S,(0.2W,
for machinery with rigid connections
, = 1.08F,S, (0.2 W,
for machinery with flexible connections

F,= 1.35F,5,(0.2) w,
F,and 5,(0.2) are referenced to NBCC 201

F, = short period site coefficient listed in
2010, Table 4.1.8.4.B

as

BCC

5,(0.2) = short period spectral response afcel-

eration values for specific locatig

as listed in Appendix C of NBCC 2

(Volume 2)
For/p=1

for rigid components with ductile materig

F, = 0.36F,5,0.2W,

forlp= 1

F,=0.32F,S,W,

for machinery with rigid connections
F,=0.72F,S,(0.2W,
for machinery with flexible connections

F, = 0.9F,5,02)W,

010
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Table 1-3.1.3-1 Geographic Impact Comparison: IBC/NBCC Versus A17.1/B44
Seismic Zone 3 (Guide Rail) (Cont'd)

For A17.1, Seismic

Step Zone 3 or Greater For IBC/ASCE 7 For NBCC 2005 (and Later Editions)
F,=0.5W for lp =1.5 For buildings with /, = 1.5
(shown for refer-
ence only) Fp = 0.48F055Wp for rigid components with ductile material
F,=0.54F, S, (0.2)W,
for machinery with rigid connections
F,= 1.08F, S, (0.2,
for machinery with flexible connections
F,=1.35F,'S, (0.2)W,
luate A17.1 F,=0.5W, Per eq. (1), A17.1 and IBC will size Per eq. (2), ALZ.1%nd NBCC 2010 will size
orce level (shown for refer- similar components when similar components when
ith building ence only)
ode force Fopiza=F5 ac Fy mza = Fy neec
evels.

Setting the two force levels equal and
eliminating Wp from each side yields

forlp= 1

1.56 = F,Sq

for Ip =1.5

1.04 = F,S,

fnserting the values for Fp a17.4 @nd Fp NBCC

above and eliminating Wp from each side of
the equation yields

forlp=1
for rigid components with ductile material
1.39 =F,5,(0.2)
for machinery with rigid connections
0.69 = F,5,(0.2)
for machinery with flexible connections

0.56 = F,5,(0.2)
fori,=1.5

for rigid components with ductile material
0.92 = £,5,0.2)

for machinery with rigid connections
0.46 = F,5,(0.2)

for machinery with flexible connections

037 =F,5,(0.2)
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Table 1-3.1.3-1 Geographic Impact Comparison: IBC/NBCC Versus A17.1/B44

Seismic Zone 3 (Guide Rail) (Cont'd)

Step

For A17.1, Seismic

Zone 3 or Greater

For IBC/ASCE 7

For NBCC 2005 (and Later Editions)

7. Solve for S,
and 5,(0.2)
and deter-

By solving for S, it can be deter-
mined what areas in the U.S. will
see increased seismic force levels

By solving for 5,(0.2), it can be determined
what areas in Canada will see increased seis-
mic force levels when using the NBCC seismic

III;IIC SCU'
graphic areas
that will see
force levels
over current
A17.1 seismic
zone 3.

1 . e C A GO . .
WITETT OSTITg tTe TIDC7TASTE 7 STEISTIIC

requirements.

Per IBC Table 1613.5.3(1), for values of
S over 1.25, F, becomes a maximum
of 1, giving

for lp =1
1.56 = S,

IBC force levels will be greater than
A17.1 force levels where the mapped
spectral response acceleration is
greater than 156% g.

Reviewing IBC 2006, Figure 1613.5(1),
Maximum Considered Earthquake
Ground Motion for the Conterminqus
United States of 0.2 sec Spectral
Response Acceleration (5%, of*Critical
Dampening) Site Class B, indicates
areas near fault lines,.and'the area near
Charleston, S.C. witbsee increased force
levels with the usé-of IBC.

TEqUITETITETICS?

Per NBCC 2010, Table 4.1.8.4.B, F as'a nfaxi-
mum value of 1 for Site Classe$ A throug|
C. Using this plus the appropriate maximpum
F, values for Site Classes’D,and E yields 4
minimum value of S_(0.2).

=

For each of the three possible component ¢le-
ments considered

for I, =4

for’rigid components with ductile maferial
1.39=S5,(0.2)

for machinery with rigid connections

0.69 = 5,(0.2) for Site Classes A through Q
0.58 = 5,(0.2) for Site Class D
0.49 = 5,(0.2) for Site Class E

for machinery with flexible connectiops

0.56 = 5,(0.2) for Site Classes A through g
0.47 = 5,(0.2) for Site Class D
0.27 = 5,(0.2) for Site Class E

NBCC force levels for Site Classes A through C
will be greater than A17.1 force levels when
5,(0.2) values listed in NBCC 2010, Tabld C-2
of Appendix C exceed either 1.39, 0.69, dr
0.56 as noted above.

For rigid components, only La-Malbaie, nofth of
Quebec and bordering the St. Lawrence River,
would see an increased seismic force levgl
with the use of IBC. All other values of 5 0.2)
in Table C-2 are less than 1.39.

For machinery components with rigid conned-
tions, additional locations north of Quebedas
well as Montreal Region in Quebec and Vicforia
and Vancouver Regions in British Columbig
would see increased force levels over A17.[L.

FOT machinery COmponents with Tiexible
connections, much of Quebec province,
increased locations in British Columbia, as
well as St. Stephen, Ontario, and certain loca-
tions in Ontario, St. Stephen, New Brunswick,
and Destruction Bay and Snag, Yukon, would
see increased for force levels.
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Table 1-3.1.3-1 Geographic Impact Comparison: IBC/NBCC Versus A17.1/B44
Seismic Zone 3 (Guide Rail) (Cont'd)

For A17.1, Seismic

Step Zone 3 or Greater For IBC/ASCE 7

For NBCC 2005 (and Later Editions)

for Ip =1.5

Again, per IBC Table 1613.5.3(1), for

for/,=1.5

Again, using NBC-2010, Table 4.1.8.4.B for

VGIUCD UIrJS \SA'AS ] 1. Jy l’-a Il.J!'.‘LUIII".‘) ad
maximum of 1, giving

1.04 = S,

For this case, areas further outside of
fault lines, much of California and
the Charleston, S.C. area will see
increased forces with the use of IBC.

. - 1 Py 1 £
TTAXTITOTIT TV ataes, T vataes ot

5,(0.2) are found
for rigid components with ductile material

0.92 = 5,(0.2) for Site Classes Athrough C
and E

0.84 = 5,(0.2) for Site Cldss D
for machinery with kigid connections

0.46 = S,(0,2) for Site Classes A through C
and E

0.38 ='S;;(0.2) for Site Class D
0.22 =5 (0.2) for Site Class E

for machinery with flexible connections

0.37 = 5,(0.2) for Site Classes A through C
0.28 = 5,(0.2) for Site Class D
0.18 = 5,(0.2) for Site Class E

With /. = 1.5, NBC force levels (for Site Classes
A through C) for rigid components would be
greater for an increased number of locations
in Quebec. Western British Columbia (near
Victoria and Vancouver regions) would also
see a number of locations with increased
forces.

For machinery with rigid and flexible connec-
tions, much of Quebec and additional loca-
tions in British Columbia would see increased
forces. Locations in Ontario (surrounding
Ottawa), Yukon, and a few select locations
in Northwest Territories and Nunavut would
now also be impacted.

10
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Table 1-4-1 IBC/ASCE 7 Seismic Parameters Correlation to A17.1 Zones
IBC (2000 and Later)/ASCE 7 (2002 and Later) A17.1/B44
Seismic Design Category I, S,s[Notes (1) and (2)] Seismic Zone
AorB - Not required 0,1
C 1 Not required 0,1
1.5 Q CUb 0496 2
0.496 <S,; = 0.993 3 or greater
>0.993 Special analysis required
DorEorF 1 0 <S,,=0.745 2
0.745 <S¢ = 1.487 3 or greater
> 1.487 Special analysis required
1.5 0 <S,s = 0.496 2
0.496 <S5, = 0.993 3 or greater
>0.993 Special'analysis required
NOTES:

(1) Kor equivalencies, IBC force values have been reduced by 0.7 to convert from SD to ASD (working-stress).
(2) Assumed (zh) = 1.

BOCA

IBC

[CBO

INBCC

NEHRP

2002 (ASCE 7-02) and subsequent publi-
cations reference the latest USGS earth-
quake maps.

Building Officials and Code Administra-
tors International, Inc. The last publica-
tion of this code was in 1999. This building
code referenced the older, seismic zone
earthquake maps. BOCA is now a membef
of the International Code Council (ICC).
International Building Code. The-2000
and subsequent publications_teference
the latest USGS earthquake maps.
International Conference “of Building
Officials. Responsible\for the publica-
tion of the Unifotm Building Code, a
national building ¢ode. Now a member
of the Internpational Code Council (ICC).
National Building Code of Canada. The
2005 andvater editions use a seismic
forc€equation similar to that of IBC.
National Earthquake Hazards Reduction
Program. A U.S. government program.
Recommendations from NEHRP are
often incorporated into building codes
and standards.

SBC

SBCCI

UBC

USGS

The Standard (Southern) Building Codg
(Standard Building Code). Previously
used in many areas in southeastern U.§
Last published in 1999. This building
code referenced the older, seismic zong
earthquake maps.

Southern Building Code Conferencs
International. Organization responsibls
for the development and maintenancs
of the model building code known a
the Standard (Southern) Building Code|
Now a member of the Internationa
Code Council (ICC).

Uniform Building Code. Anational build
ing code (also referred to as ICBO) pub
lished by the International Conference of
Building Officials. 1997 was the last pub
lished edition. This building code refer
enced the older, seismic zone earthquakg
maps.

United States Geological Survey
Responsible for the most recent
earthquake maps currently being
referenced by the latest building code
and standards.
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Part 2
Derivations

Detailed derivations of selected equations included in
bection 8.4 are presented in Part 2 to provide additional
background.

P-1 FIGURES 8.4.8.2-1 THROUGH 8.4.8.2-7

To use Figs. 8.4.8.2-1 through 8.4.8.2-7 without gener-
hting new rail load versus bracket span curves, a rela-
ionship between W and F, was derived that allows use
pf the existing seismic zone 3 curves. This was done in
'wo ways: by comparing allowable stress and by going
hrough the original bending stress calculations.

(a) Comparing allowable stresses (generic stress
ormula)

Wwhere

A = area (for axial or shear stress)
= Z/L (for bending stress)

F = force

L = bending moment length

Z = elastic section modulus

Unfactored\IBE/NBCC Stress

Current Zone 3 Stress Analog Analog
0.5W F

0.88F, =—— __p

Fy = é X ﬂ F = E X F£

44 A VY 374

(b) The yield stress/is the same for both cases. There-
ore, we can equate the Fy formulas

25 W _ 5_F
- X =—_x-L

4 A 3 A

(cf-For a given rail size, the equipment size (i.e.,
bracket span) is the same, thus A drops out.

w=2p
157
W = 2.93F,

(d) IBC/ASCE 7 allows a 0.7/load factor to convert
strength level to working stress on earthquake loads
(see ASCE 7-10, 13.1.7).

For calculating deflectiohs

W=293F,
For calculating stresses
W = (2.93)(0.7)F,

2-2 ~REQUIREMENT 8.4.8.9

For each equation, the seismic force has been applied
at”the center of gravity (CG) of the car or coupter-
weight. The CG is taken to be one-third above the
lower guide that contacts the rail. For a seismic force
introduced perpendicular to the x-x axis of thq rail
(see Fig. 8.4.8.9), one upper and lower guide will jome
in contact with the rail. The resultant forces on the
guide can be found by a force and moment equilib-
rium equation. For comparison, the guide forces for a
seismic zone 3 force and an IBC/NBCC force will be
derived (see Fig. 2-2-1).

seismic zone 3 force = force to generate a 2 gravjty
acceleration
| W,
seismic zone 3 force =ma=| —% (5) =_F
g N2 2

IBC/NBCC force = F )

where W, = weight of counterweight or car plus|40%
capacity.

The following comparison equations show F, and W,

Bw=2r
4 37

13

{setsmic—zome-3)—are etated by W—"2F—trattsubse-
quent force equations, the F_ equations could be found
by substituting 2F ) for W.
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Fig. 2-2-1 Sample Counterweight Force Diagram

I ——

— or F,
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Seismic Zone 3 IBC/NBCC A17.1/B44 1BC
2323 Wp 723Wp 2323 2Fp 746Fp
0= Wp SF=0=—-Ry+F —R 5= “eal 3 192 T ei Teal3 )T 102
SF=0= —Rg+-L2—R; gt TRy 64 640 3] 192 64 64\ 3 ) 192
2

W, Maximum moment will occur at point “a” on rail
RB:7_RT Rg=F,—R;
7 4
Wy \L Mo =M =1R ezuvvpe M =1R — ot
SMy=0= [2”]3+RT L)  SMz=o0= —Fp%+RT (L) max. = %la = 578" " T3gy max. —%a =50 gl
e Wy F The maximum bending stress equatioriis
T 6 RT = ?
o — Mmax.c — Mmax.
allow
=2 rp-22 b Y
3 83 where
M, .. = maximum bending moment
Z = elastic sectioh modulus for the beam
The counterweight force exerted at the lower guide is Ciiow = Maximungbending stress

he greater force.

For the case where the vertical distance between upper
hind lower position restraints, L, is greater than or equal
o the distance between adjacent guide brackets, ¢, the
buides are acting separately on each rail span.
Therefore the maximum force perpendicular to the
(-x axis of the guide rail will be the lower guide force.

For the condition where the car/counterweight length
s less than the guide rail length, L < / [see 8.4.8.9.1(b)],
both upper and lower guides will be in contact with a
upported rail span. To look at the worst-case scenario,
he lower guide is positioned at the lower rail support
point. With this setup, the rail/support takes,the full
oad of the highest car/counterweight guideforce plus
he force due to the bending load of the(smaller guide
orce. As with the example above, Wp (seismic zone 3)
ind F, are related by W = 2F,.

P-3 REQUIREMENT 8.4.12

These equations are used for determining rail support
pacing. Derivation ef\the formula (in imperial units) is
hown below for 84.¥2.1. The current formula and new
F, formula are both derived for comparison.

For each equation, the seismic force has been applied

Assuming beame(orfail) of A36 steel

maximum bending’stress = ¢ = (0.6F = 0.6(36,000)

allon
21,600 psi

For jutisdictions enforcing seismic zones, ASD
Section. 8.4 allow a one-third stress increase for eprth-
quake loads.

maximum bending stress (ASD) = o,
31,600 psi

For standards using ASD, IBC allows for a force rgduc-
tion rather than a stress increase. NBCC does not gllow
for a force reduction or a stress increase. Thereforg the
maximum bending stress equations for A17.1 and [BC/
NBCC become

= 1.33(0.66H)

A17.1 IBC/NBCC

M M
31,600 = —M2%- 21,600 = —M&x-
z v4

Substituting the maximum bending moment degived

above

it the ceriter of gravity of the car or counterweight. 31600 = 220’ 21,600 = ~EFp!
[he CGyis/taken to be one-third above the lower guid- ' 3847 384z
ng member that contacts the rail. Previous derivations
showthatthelowerguideshoeforcewillbe £ or 2y Solving for W, or I, yields
3 3
(see rationale for 8.4.8.9). 5 5
Wp=527,5837 Fp=180,313?

Using continuous beam analysis for a 2 span beam
with guide shoe forces acting in the center of each span

. . 23 oL
(worst-case) gives reaction force, Ry, of — P. Substituting

the previously derived lower guide forces for P gives

15

The basic formula was adjusted by certain modifica-
tion factors that were obtained as a result of extensive
computer analysis.
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Constant modification factors are as follows:
X, =16

where X, accounts for the redistribution of forces due to
the bending in counterweight frame upright member.

X, =113

whereX _accounts for the case where [ isless than /

Substituting these formulas into basic formula yields

A17.1 IBC/NBCC

Z

W, =717,661— F =245,276E
[ p ¢

To use the same graphs as done for A17.1, the F_ equa-

X
C = Ratio=L =1.41593
XZ

THe final formulas were arrived at as follows:
(1) maximum weight of car or counterweight, W,
with|no intermediate tie brackets

W, = W,
W, = 1.36028W,
whete
f{§ = maximum moment occurring at 0.406¢
= 0.9607

(b} maximum weight of car or counterweight, W,,
with|one intermediate tie bracket

Wy =CVifiW,
W, = 1.80444W,
whete
f| = maximum moment occurring at 0.302/
= 0.7420
!
V{ = one intermediate tie bracket at 5
= 1.7175

(c) maximum weight of car or countetweight, W,,
with{two intermediate tie brackets

W, = CV,/, W5
W, = 1.996832W,
whefe
f} = maximum moment occurring at 0.458¢
= 0.9891
V] = two intermédiate tie brackets equally spaced
= 1.425803

tion is modified to

2.93F, = 717,661E
1

To convert F ) to ASD levels as used in Ad7.1, F ) shal
be multiplied by a factor of 0.7. Reference ASCE 7-10|
13.1.7.

2.93(0.7F,) 717,661%

2-4 REQUIREMENT8.4.12.2.1(a) (ZONE > 3)

2-4.1 General

Derivation)of the formula 8.4.12.2.1(a) is shown. Thg
equation‘is derived using continuous beam theory with
the guide shoe forces, F, and F,, impacting at the cente
of the guide rail spans (see Fig. 2-4.1-1).

2-4.2

Solve for rotations and deflections by integration of
the negative of the bending moment equations. “R” and
“F” are used for simplicity at this point.

EIV =—Rx
, x2
EI‘/1 :_R1?+C1

3
ElvV = —Rlz-kclx-i-cz

EIV, = —Rlx-l—Fl(x—%)
2 2
, X x° Lx
EIV, =—R,=—+F(=——=")+c
2 15 1(2 2) 3
x3 x3 2

EIV, =—R,—+F(———)+cx+c
2 1 6 1(6 2 )+c3 4
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Fig. 2-4.1-1 Rail Force Free Body Diagrams for A17.1/B44

Zone = 3
W in x-direction
X
L I |
+ 2 | L |
w w
— Al iy
7w
R 23W RZTGGW Rs| 192
192 192
I L I L I

Ry |— x Ry |— x Ry [=» X R,

—DM F1J/ >M Fi T DM

M= Rix M = Ryx — F(x —L/2) M = Ryx — Fy(x —L/2) + Ry(x —L)

F1\\/ FZ\L D ;

Ry |—> x RzT

M = Ryx=NEy(x —L/2) + Rylx —L) — Fy(x —3L/2)

EIV, = —Rlx—i—Fl(x—%)—Rz(x—L)

2 2 2
, ¥ X Lx X
EIV, =—R~—#EFE(———)—R,(——Lx)+c
3 K5 1(2 2) 2(2 x)+cs
3 3 2 3 2
X X Lx X Lx
EIV; =5k —+H(———)—Ry(———)+csx+c
3 1% 1(6 1 ) 2(6 2 )+ es5x+cg

2 2 2 2
EM;:—Rlx—ﬂ?l(%—sz)—Rz(%—LxHPz(x——%w@

3 3 2 3 2 3 2
EIV4=—R1—+F1(%—%)—R2(% L, F2(x6— )+ cpx+eg

17



https://asmenormdoc.com/api2/?name=ASME TR A17.1-8.4 2013.pdf

ASME TR A17.1-8.4-2013

2-4.3 Boundary Conditions

: : 3L 3L
V1(0)=0 Vo(L)=V3(L) V3 (7) =V, (7)
L L -
Vl_:VZ_ V2 (L) V3 (L) V4 (2L)=O
L Ay
V, 2=V, = 2 ) 2
2 2
2-4.4 Integration Constants in Terms of W
517 1512
=2 5= 2ar
384 384
=0 . 290
712 ¢ 576
C = e—_—
s e
& 77128
C4 = _W 3
144 250
CS = —_— -
576
2-4.% Solve for Deflection Equations
_ 3 2
EIV|(n=—2N X 5Ly
1 192 | 6 ) 384
_-2Wx° | 15P%
1152 1152
= ﬂ(—23x3 + 15L2x)
1152
V)= (—23x3 +15L2x)
' 1152EI
_ 3 3 2 2 3
EIV) (x)= 28WIx" | Wixm L) 7Ry, Ly
192 (6 ) 36 4 128 144
a3 3 2 2 3
_ 23x W+64x W_96Lx W+63L xw_ 8L
1152 1152 1152 1152 1152
Vi(x)=—2 (41x3 — 9612+ 631 2% — 8L3)
1152EI
_ 3 3 2 3 2 2 3
EIV,|(2)= 23W[x_}+ﬂ(x__Li]_ 66W[x__LiJ_15L Xy 290
192 | 69~316 4 ) 19206 2 128 576
_ 3 3 2 3 2 2 3
_ e’ 6L’ 66x” 198La* 1350, 5BL
1152 1152 1152 1152 1152 1152 1152
Volx) £ ad (—25x3 +102Lx2 —135L2x+58L3)
1152E1

_ 3 3 2 3 2 3 2 2 3
HV4(X):ﬂ[x_J+ﬂ(x_i}@[ai]m[x_i}mw_z& o

192 (6) 36 4 ) 19216 2) 6(6 2 ) 128 576
_ 3 3 2 3 2 3 2 2 3
_o230ea %Ly 662° 19817 3200 14dLx 81%x . 50L
1152 1152 1152 1152 1152 1152 1152 152 1152
V,(x)= (7x° —42L4® +811°x — 500’
1152E]

18
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Fig. 2-5.1-1 Rail Force Free Body Diagrams for IBC/NBCC

Fp in x-direction

X
L | |
+ 2 | L |
125 Ry
> '3 F2| 73
7F
23F, Tp
Ry | £ RZT&FP Ry| 96
96 96
| L | L |

Y

—DM F1\L DM F1\L T Dﬁ

Ry |— x Ry |[— x Ril==» x R,

M= Ryx M = Ryx — F(x —L/2) M= Ryx — Fy(x—L/2) + Ry(x —L)

F1\\/ le D y

Ry|— x RzT

M = Rix>oFy (x —L/2) + Rylx —L) — Fy(x — 3L/2)

P-4.6 2-5 REQUIREMENT 8.4.12.2.1 (IBC/NBCC
JURISDICTIONS)

A17.1, requirement 8.4.12.2]1 takes maximum deflec-
ionatx =L/2.
2-5.1 General

3
Apax = V4 (E) oW _23(£j +1512 (E) Derivation of the formula 8.4.12.2.1(a) is shown]| The
2 2 2 equation is derived using continuous beam theory [with

W [—2313 1513 the guide shoe forces, F, and F,, impacting at the cgnter
> 1152EI{ S 5 } of the guide rail spans (see Fig. 2-5.1-1).
__W_[3) 2-5.2

T1I52EIT 8 ) Solve for rotations and deflections by integration of
the negative of the bending moment equations. “R” and
370 wr?
max = W= “F” are used for simplicity at this point.
* 9216EI  249EI
_wr?
T 249FA

This matches 8.4.12.2.1(a) for I for zone = 3.

19
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EIV' =—Ryx
2
EIV =—R, %+c1

x3
EI‘/1 :7R1X+C1X+C2

EIV, =—Ryx+F(x— %)

2 2

/ X X Lx
EIlV,=—R,—+F(———)+c

j=—Ri R - e

3 3 2
X X Lx

EIV, =—R,—+FEF(———)+cx+c

2 17 1(6 1 )t+cs 4

EIV, =—Ryx+ Fl(x—%)— Ry(x—L)

2 2 2
/ X X Lx X
ElV,=—R,—+FEFE(———)—R,(——Lx)+c
3 15 1( > 2) 2(2 )t+cs
3 3 2 3 2
X X Lx X Lx
ElV, =—Ri—+F(———)—Ry(———)+csx+¢
3 15 1(6 1 ) 2(6 > )+esxteg
EIV, = —Rlx-l-Fl(x—%)—Rz(x—L)+F2(x—%)
2 2 2 2
, X X Lx X X 3Lx
EIVy=—Ry—+F(=——) = Ry("=——I&) + F,(—— ") +c¢
i =R R )~ R ) BT+
3 3 2 3 2 3 2
X X Lx X Lx X 3Lx
EIV, =—R,=—+F(—— =)= Ry(—— =)+ F,(—— +exte
4 1% 1(6 4) 2(6 2) 2(6 )tezxteg
2-5.3 Boundary Conditions
, , 3L 3L
V1(0)=0 V(L) =V3(L) V3 [7) =V, (7]
(L (L _
vl(ﬂ:%@ V2 (1)=Vs (L) V@) =0
(3L (3L
L L Val 5 |=Va|
2 2
2-5.4 Integration Constants in Terms of Fp
2 =72
CIZ%FD C5 = 445} Fn
172 172
=0 2913
21L 288
=0 b 2
192 271
—L 192
C4:—Fp 3
72 c :—25L r
8 288 7

20
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2-5.5 Deflection Equations in Terms of F,

—23E,(3) 512
EIV (x)=— -1 [x—j LOLxp

% | 6 192 7

V (x)

1

=_F (723x3 + 15L2x)
576EI

— 3 3 7 7 3
EIV, ()= —22F | X |4 2p [ X D) 2lx L p
9 6 ) 376 4 192 P 72°F

F
Vo ()= 6”EI (41x3 —96Lx% +631%x — 8L3)

_ 3 3 2 3 2 2 3
EIV3(x)=£F XN 2p (X _LxT) 66, (x7 Lx7) 45Lx . 290 .
% l6) 3Fl6e 4) 9%Fle 2 192 7 288 7

Vs (x)= (—25x3 +102Lx% —13512x + 58L3)

P
576EI

_ 3 3 2 3 2\ F (.3 2 2 3
EIV4(x)=—23Fp x +%Fp x__Li _ﬁpp x__Li +_F x__3Lx +27Lpr_25L Fp
96 6 3 6 4 192 6 2 3(6 2 192 288

F
Vi) == 6pEI (7x° — 42Lx + 811%x — 501

P-5.6

A17.1, requirement 8.4.12.2.1 takes maximum deflection at x = L/2.

E 3
Apax = V4 (Ej =L —23(£j + 15L2(£J
2) 576EI 2 2

F, {—23L3 . 60L3}

~ 576EI

8 8
_ K (a70?
576EI\ 8
3 3
372 . RL _2RL

maX " 4608EI P 124.5E1 249EI

B 2FpL3
¥ D49FA

Q41207

T ol 1L £ IRC/INIRCC
TS ITIatCCS O Tz T\ ) TOT 1 - T

Y TOT T 7 TND TS

2-6 REQUIREMENT 8.4.14.1.1(b)

Requirement 8.4.14.1.1(a) and IBC/ASCE 7 require a vertical seismic force of +0.25,;W,
This equation can be rewritten in terms of F, and S_ with the following substitutions:

SMS = Fass

21
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NOTE: This equation also appears as eq. 11.4-1 in ASCE 7-10. where
where F, = NBCCsite class coefficient (NBCC 2010, Table
F_ = site coefficient 4.1.8.4B)
Sys = themaximum considered earthquake, 5% damped, 5,(0.2) = spectral response acceleration value at 0.2 sec
spectral response acceleration at short periods
adjusted for site class effects 2-7 REQUIREMENT 8.4.14.1.2, LOAD
S, = spectral response acceleration at 0.2 sec, normal- COMBINATIONS
ized for Site Class B
NBCC provides a load combination (in LSD) of
Sps = 3 5ms (eq. 11.4-3, ASCE 7-10) D+E
Thergfore 5 Converting to ASD (dividing by 1.4) would.yield
Sps = 3 FaSs 0.7D + 0.7E
Expanding 8.4.14.1.1(a) in terms of F, and S_ yields IBC/ASCE?7 provides two load comiinations (in ASD)
2 D + 0.7E
iO.Z(gF”SS)Wp and
0.6D + 0.7E

NBCC does not provide a vertical seismic force. Both
IBC pnd NBCC are based off of NEHRP provisions. To
provjide amore conservative approach and seismic forces
similar to those seen in the U.S., an equivalent vertical
forcd was added in A17.1/B44 for NBCC jurisdictions.

Prpvided in NBCC 2010 terms

F=+ (0.2[%1—"[,5“ (0.2)pr

The IBC/ASCE 7 combinations provide a worst-casg
loading, particularly in consideration of overturning
with a vertical seismic force.

With the addition of a vertical seismic force fo
NBCC jurisdictions, the IBC/ASCE 7 combinationg
have beén adopted for use in both IBC and NBC(
jurisdictions.

22
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Part 3
Sample Calculations

Sample calculations are provided to assist the user in
hpplying A17.1/B44 requirements. Sample calculation
B-1 shows examples of when A17.1/B44 seismic require-
nents are necessary and what force level requirements
bovern for each case. Sample calculations 3-2 through
B-4 show A17.1/B44 requirements using IBC and NBCC
hpplications with SI units. Sample calculations 3-5
hrough 3-7 show A17.1/B44 requirements using IBC
hnd NBCC applications with imperial units. Imperial
limensional units are used since most of the building
fodes and standards favor imperial units. The applica-
ble A17.1/B44 code sections are found under each calcu-
ation header. All references to Sections or requirements
vithin each calculation are for A17.1/B44 unless other-
vise specified.

B-1 SAMPLE CALCULATION(S) 1: DETERMINING
PROPER SEISMIC REQUIREMENTS AND
FORCES

The forces are based on the applicable building code
ind A17.1. The applicable A17.1/B44 code requirements
hre 8.4(a), 8.4(b), 8.4.13, and 8.4.14.

B-1.1 Sample Calculation 1a

3-1.1.1 Given:

(a) Building installed in jurisdiction where Interna-
ional Building Code (IBC) 2006:is\in effect.

(b) Latest Safety Code for(Elevators and Escalators
ASME A17.1) is also in effeet.

(c) Building is in Seismit Design Category C.

(d) Building has cemponent importance factor of 1.5.

(e) Building haswan'S,¢ of 0.95.

3-1.1.2 Determination of Proper Seismic Require-
ments and<Force Levels. Per 8.4(a)(1), A17.1 seismic
equireinerits (Section 8.4) are in effect for buildings
vitlrSeismic Design Category C and component impor-
afee factor of 1.5. Therefore, A17.1, Section 8.4 require-

Maximum force level (components at the top of build-
ing, z/h=1)

F,= 0.46121(;?).95)
1.5

Minimum force level = 0.43Wp.

[1+2]W, =0.68W,

NOTE: Thi$, minimum is dictated by requirement that F, must not
be less than0.35,,[, W,. Minimum force level calculated forf com-
ponefits at building base (z/h=0) would yield 0.23Wp.

3-1.1.3 Combining Nominal Loads Using Allowable
Stress Design. The load combinations and load factors
below will be used only in those cases in which thely are
specifically authorized by the applicable material d¢sign
standards. The loads will be considered to act in the fol-
lowing combinations, whichever produces the most yinfa-
vorable effect on the component, fastenings, or supports:

0.6D + 0.7E
or
1.0D + 0.7E
where E = earthquake load as defined in 8.4.14.

Detailed examples of these force levels are shown in
additional sample calculations provided in this Gujde.

3-1.2 Sample Calculation 1b

3-1.2.1 Given:

(a) Building installed in jurisdiction where Nat
Building Code of Canada (NBCC) 2010 is in effect.

(b) Latest Safety Code for Elevators and Escalators
(ASME A17.1) is also in effect.

onal

Ments are in eftect.

Per 8.4(b)(1), building codes referencing Seismic
Design Categories shall use force levels as referenced in
8.4.14.

Per 8.4.14.1(a), the horizontal earthquake component
force level will be

23

(c) Building is in Site Class C.

(d) 5% damped spectral response, S (0.2), is 0.5.

(e) Earthquake importance factor for building, I, is 1.3.

(f) Building is not designated a post-disaster building.

(g) All connections for the elevator components/sys-
tems are rigid connections.
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3-1.2.2 Determination of Proper Seismic Require-
ments and Force Levels. Per 8.4(a)(3), A17.1 seismic
rules (Section 8.4) are in effect for buildings with design
spectral response acceleration for a 0.2-s time period
greater than 0.12 and I.F S (0.2) greater than or equal to
0.35. From NBCC 2010, Table 4.1.8.4.B, for Site Class C,
F =1.0for 5(0.2) of 0.5.

IEF'uQﬂ(ﬂ 2 =131 N0 =065

3-1.2.3 Combining Nominal Loads Using Allowable
Stress Design. The load combination and load factors
below will be used only in those cases in which they are
specifically authorized by the applicable material design
standards. The loads will be considered to act in the fol-
lowing combinations:

0.6D + 0.7E

THerefore, A17.1, Section 8.4 rules are in effect.

Pelr 8.4(b)(1), building codes referencing design spec-
tral gesponse acceleration, 5(0.2), shall use force levels as
referpnced in 8.4.14.

Per 8.4.14.1(b), the horizontal earthquake component
forcqd level, F o will be

F,=03ES,(02)I;S,W, =

03ES,(02)I¢|[C, J[4/]

For machinery with rigid connections, C,, A,, and
R afe found to be 1, 1, and 1.25, respectively, in NBCC
2010| Table 4.1.8.18, Category 11: Machinery, fixtures,
equipment, ducts, and tanks (including contents) that
are rfgid and rigidly connected.

Maximum force level (machinery at top of building,

B =1)

H - 0.3(1.0)(0.5)(1.3){(1)(1)(%]}% — 047
Mjnimum force level (machinery at building base,
h./h)=0)
1+0
F|= 0.3(1.0)(0.5)(1.3){(1)(1)(Eﬂwp =0.156W,

Siilarly, for rigid components (i.e., rail brackets, etc.),
Cp, 4, and Rp are found\to be 1, 1, and 2.5, respectively,
in NBCC 2010, Table4.1.8.18.

Maximum force Jlevel (rigid components at top of
buildling)

- 0.3(1.0)(o.5)(1.3){(1)(1)(%ﬂwp —023W,

[

or
1.0D + 0.7E

where E = earthquake load as defined in 8.4.14.

Detailed examples of these force levels atre showrn)
in additional sample calculations provided in thi
Guide.

3-1.3 Sample Calculation 1c

3-1.3.1 Given:

(a) Building installed ifijurisdiction where UBC 1997
is in effect.

(b) Latest Safety.Code for Elevators and Escalators
(ASME A17.1) is also in effect.

(c) Per UBC $eismic map, building is in area of seis
mic zone 2b:

(d) Building is considered an essential facility.

(e) Seil'profile type is S,.

3:1.3.2 Determination of Proper Seismic Require
ments and Force Levels. Per 8.4(a)(5), seismic desigy
is required for buildings in seismic zone 2 or greate]
A17.1 seismic requirements (Section 8.4) are in effect.

Per 8.4(b)(3), 8.4 force levels as dictated by seismi
zone or the building code’s component force level shal
be used, whichever is greater.

A17.1/B44 and UBC 1997 are compared to determing
appropriate force level.

(a) Per A17.1 requirements, horizontal force level wil
be either 0.25W, or 0.5W,, depending on the specifi
requirement.

Fp = 0.25Wp
or
Pp = 0.5Wp
(b) Per UBC 1997, Rule 1632.2, component seismi
horizontal force, F o is given as
Fp =04C I

ap

W,

From Table 16-I, a seismic zone factor, Z, is choser

Minimum force level (rigid components at building
base)

F, = 0.3(1.0)(0.5)(1.3)(0.7)W, = 0.14W,

NOTE: S is taken as the minimum allowable value of 0.7. Calculated
value of S with given NBCC parameters and component heights
would yiefd 0.4, below the allowed minimum.

Sp =[(1)A)((1 +0)/2.5)] =04

24

based on the seismic zone map.
Z =020

Using the Z value and the soil profile type, the seismic
coefficient, C, is found fromTable 16-Q.

C, =0.20

For essential facilities, Table 16-K dictates the I = 1.5
Inserting all values into the force equation yields


https://asmenormdoc.com/api2/?name=ASME TR A17.1-8.4 2013.pdf

ASME TR A17.1-8.4-2013

F, = 0.4020)(1L5)W, = 0.12W,

The A17.1 force is greater. Forces as listed per seismic
zone in A17.1, Section 8.4, will be used.

3-1.4 Sample Calculation 1d

3-1.4.1 Given:
(a) Building installed in jurisdiction where BOCA

3-1.5 Sample Calculation 1e

3-1.5.1 Given:

(a) Building installed in jurisdiction where Standard
Building Code (SBC) 1994 is in effect.

(b) Latest Safety Code for Elevators and Escalators
(ASME A17.1) is also in effect.

(c) Per SBC 1994, Contour Map of Effective Peak

‘7p]nm'f} _Related Acceleration Coefficient A (see Flg
T

996 1s 1n elfect.

(b) Latest Safety Code for Elevators and Escalators
ASME A17.1) is also in effect.

(c) Per BOCA seismic map, building is in area with
A, =0.15.
(d) Building is designated with Seismic Performance
Category C and Seismic Hazard Exposure Group II.

(e) All connections for the elevator components/sys-
ems are direct connections.

3-1.4.2 Determination of Proper Seismic Require-
ments and Force Levels. Per 8.4(a)(4), A17.1 seismic
equirements (Section 8.4) are in effect for buildings
vith Seismic Performance Category C and Seismic
Hazard Exposure Group II. Therefore, A17.1, Section
8.4 applies.
Per 8.4(b)(3), force levels as dictated by 8.4.13 shall be
1sed when building code references ground motions in
erms of A . Per 8.4.13, the greater of the building code
r A17.1 seismic zone component force level shall be
1sed.
Compare force levels per A17.1 and BOCA 1996.to
letermine appropriate force level.
(a) Per Al17.1, requirement 8.4.13.1, for A = 0:15, the
pquivalent A17.1 seismic zone will be zone 2

Per requirements in A17.1, minimum force level for
eismic zone 2 will be

Fp = O.25Wp

(b) Per BOCA 1996, Rule 1610.6.4, component seismic
orce, F o is given as
F,=ACPaW,
where
W = the operating'weight of the mechanical, electrical

componentor system
(1) Per-BOCA 1996, Table 1610.6.4(1)

cgmponent seismic coefficient, C. = 1.25

performance criteria factor, P = 1

3-1.5.1-1), building is in area between peak veldcity-
related acceleration coefficient contours 0.1 and 0:2,[with
A, = 0.18 (e.g., the western part of Tennesseg).

(d) Building information states Seismic Hdzard
Exposure Group III.

(e) All connections for the elevator components/sys-
tems are direct connections.

3-1.5.2 Determination,of- Proper Seismic Require-
ments and Force Levels. Per 8.4(a)(4), A17.1 sefsmic
requirements (Section§4) are in effect for buildings[with
Seismic Performance Category C and Seismic Hgzard
Exposure Group,ltand greater. Therefore, A17.1, Seftion
8.4 requirements are in effect.
Per 8.4(b)(2), force levels as dictated by 8.4.13 shall be
used when building code references ground motiohs in
terms/of A . Per 8.4.13, the greater of the building cofle or
Al7:1 seismic zone component force level shall be fised.
Compare force levels per A17.1 and SBC 1994 to deter-
mine appropriate force level.
(a) Per Al7.1, requirement 8.4.13.1, for A = 0.1§, the
equivalent A17.1 seismic zone will be zone 2.
Per requirements in A17.1, minimum force levgl for
seismic zone 2 will be

F,=025W,
(b) Per SBC 1994, Rule 1607.6.4
F,=ACPaW,
(1) Per SBC 1994, Table 1607.6.4A
component seismic coefficient, C, = 1.25
performance criteria factor, P = 1

(2) Per SBC 1994, Table 1607.6.4B
attachment amplification factor, a, = 1.0

(c) Calculating force level
F, = (0.18)(1.25)(L5)()W, = 0.3375W,
(d) Comparing Force Levels. Depending on Sectiop 8.4

ragirramant tha A17 1 catcpnio 2o 2 forcaunllha ither
e 15615 HEZOoRe=Foree-WHrDe-€l

ZJ Per BOCA 1996, Table 1610.6.4(2)
attachment amplification factor, a, = 1.0
(c) Calculating force level
F, = (0.15)(1.25)(1)()W, = 0.1875W,

(d) Comparing Force Levels. Minimum A17.1 force level
is greater (0.1875Wp< 0.25Wp). Therefore, A17.1 force
levels described for seismic zone 2 should be used.

Qa3
TOqETrCRcH

0.25W_or 0.5W . The SBC 1994 force level is greater than
the minimum A17.1 level, but less than the maximum
A17.1 force level (0.25Wp< 0.3375Wp< 0.5Wp).

(e) Force Level Determination. Force level to use will
vary based on each Section 8.4 requirement.

For requirements using maximum A17.1 force level
(for example, 8.4.2.1 with F by = O.SWP), A17.1 force levels
will be used.
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Fig. 3-1.5.1-1 SBC 1994, Fig. 1607.1.5B, Contour Map of Effective Peak Velocity-Related
Acceleration Coefficient, A,

For section 8.4 requirements using minimum‘A17.1
forcd level (for example, 8.4.5.2.1 with Fp = 0.25Wp), SBC
1994|force levels will be used.

3-1.¢ Sample Calculation 1f

3-1.6.1 Given:

(a) Building installed in jurisdiction where Standard
Buildling Code (SBC) 1982 is.in effect.

(b) Latest Safety Code-for Elevators and Escalators
(ASME A17.1) is also inveffect.

(c) SBC 1982 use$ aseismic zone map.

(d) Per SBC seismic zone map, building is in a seismic
zong 2.

3-1.6.2_Determination of Proper Seismic Require-
mentsand Force Levels. Per 8.4(a)(3), only buildings in

3-1.7 Sample Calculation 1g

3-1.7.1 Given:

(a) Building installed in jurisdiction where Standard
Building Code (SBC) 1982 is in effect.

(b) Latest Safety Code for Elevators and Escalator:
(ASME A17.1) is also in effect.

(c) SBC 1982 uses a seismic zone map.

(d) Per SBC seismic zone map, the building is in 4
seismic zone 0.

3-1.7.2 Determination of Proper Seismic Require
ments and Force Levels. Per 8.4(a)(5), only buildings i}
seismic risk zones 2 or greater must adhere to Section 8.4
Since this building is in seismic zone 0, A17.1, Section 8 4
requirements are not applicable.

seisIiC FiSK ZOTIes 2 0T greater MUSt adhere t0 Section 8.4.
Since this building is in seismic zone 2, A17.1, Section 8.4
requirements are in effect.

Seismic force levels as described for seismic zone 2
throughout 8.4.1 through 8.4.12 apply. Requirements
8.4.13 and 8.4.14 will not apply.
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3-2 SAMPLE CALCULATION(S) 2: CONTROLLER
ANCHORAGE (SI UNITS)

The applicable A17.1/B44 code requirements are
8.4(a), 8.4(b), 8.4.14,8.4.15, and 8.4.2.3.
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3-2.1 Sample Calculation 2a (Sl Units — IBC)

3-2.1.1 Given:

(a) Building installed in jurisdiction where IBC 2006
is in effect.

(b) Latest Safety Code for Elevators and Escalators
(ASME A17.1/CSA B44) is also in effect.

3-2.1.3 Determination of Proper Seismic Loading
Per requirement 8.4.14.1.2, IBC/ASCE 7 basic load
combinations for ASD are
0.6D + 0.7E [load combination 8.4.14.1.2(b)]
or
D + 0.7E [load combination 8.4.14.1.2(a)]

(c) lp =15
o aoq whichever is more strineent_where
7 —opg — V70 o

(e) Seismic Design Category C

(f) Controller weight= 3560 N

(¢) Controller attachment elevation with respect to
base, z = 58 m

(h) Average roof height of structure with respect to
pase, h = 61 m

3-2.1.2 Determination of Proper Seismic Require-
ments and Force Levels
(a) Per requirement 8.4(a)(1)

Seismic Design Category = C

component importance factor, L,=15

Therefore, Section 8.4 requirements are in effect.

(b) Per requirement 8.4(b)(1), building code refer-
brices Seismic Design Categories. Therefore, force levels
per 8.4.14 are to be used.

(c) Per requirement 8.4.14.1(a)

F b= horizontal force based on SD

3w

a_ = 1.0 (also reference ASCE 7-10, Table 13.6-1)

0.4a,S
_ p°DS
=9.807 —R

P
IP

p
Rp = 2.5 (also reference ASCE.Z*10, Table 13.6-1)
W, = 3560 N [per requirement 8.4.15(a)]

0.4(1)(0.78

£, =| 220078) L, 58 m (3560N)=1933.7 N

P 25 61m

F, is not required to be greater than

F, =655 1, W, = 1.6(0.78)3 560 N = 4 4429 N
F; shall not be taken as less than

F =035, L, W, =0.3(0.78)3 560 N = 1249.6 N

D = dead load = W, for this application
E = earthquake load = F,+F,

The seismic loading to be used will be tHe|nost gtrin-
gent of the four cases outlined in Mandatery Appgndix
I, Figs. I-1 through I-4.

Maximum tension on the controller anchors w
generated with Case 1 (see Mandatory Append
Fig. I-1).

It is not the purpose of this-example to design a specific
anchorage of the controllerto its supports. Depending on
the medium to which{the controller is attached, dg¢sign
guidance is giverrintequirements 8.4.2.3.3(a) through (d).
The analysis of{the’fastening will be based on best pngi-
neering practice.
NOTE: ASCE 7-10, Section 13.4.2, Anchors in Concrete or Magonry:
Anchors embedded in concrete or masonry shall be proportioned
to cafry the least of the following:

(@). 1.3 times the force in the component and its supports d

the prescribed forces.

(b) the maximum force that can be transferred to the anchor by

the component and its supports. The value of R used in Section

13.3.1 to determine the forces in the connected part shalll not

exceed 1.5 unless

(1) the component anchorage is designed to be governed
by the strength of a ductile steel element
(2) the design of the post-installed anchors in concretg used
for component anchorage is prequalified for seismic applicgtions
in accordance with ACI 355.2
(3) the anchor is designed in accordance with Sgction
14.2.2.14

1l be

ix I,

ue to

3-2.2 Sample Calculation 2b (SI Units - NBCC)
3-2.2.1 Given:

(a) Building installed in jurisdiction where NB(C is
in effect.

(b) Latest Safety Code for Elevators and Escalators
(ASME A17.1/CSA B44) is also in effect.

(c) I,=15

(d) Site Class C

(e) 5,0.2)=0.98

Therefore, F , = 19837 Nis acceptable.
(d) Per requirement 8.4.14.1.1(a)

F, = vertical force = tO.ZSDSWp
= +0.2(0.78)3560 N = +555.4 N
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(f) F,=1 (per NBCC, Table 4.1.8.4.B)

(g) Controller weight = 3560 N

(h) Controller attachment elevation with respect to
base, i, = 58 m

(i) Average roof height of structure with respect to
base, i, = 61 m
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3-2.2.2 Determination of Proper Seismic Require-
ments and Force Levels
(a) Per requirement 8.4(a)(3)

I,F,5,(0.2) = (15)(1)(0.98) = 1.47 > 035

Therefore, Section 8.4 requirements are in effect.
(b) Per requirement 8.4(b)(1), building code references
5,(0.2). Therefore, force levels per 8.4.14 are to be used.

The seismic loading to be used will be the most strin-
gent of the four cases outlined in Mandatory Appendix I,
Figs. I-1 through I-4.

Maximum tension on the controller anchors will be gen-
erated with Case 1 (see Mandatory Appendix I, Fig. I-1).

Itis not the purpose of this example to design a specific
anchorage of the controller to its supports. Depending on
the medium to which the controller is attached, design

(c)| Per requirement 8.4.14.1(b) (and NBCC 2010, 4.1.8.18)

F = horizontal force based on SD =
O.SFaSu(O.Z)IESpr

NOTE: NBCC 2010, 4.1.8.18 lists F, as V. A171.1/B44 uses the F
term fo maintain a common term for simifar IBC/NBCC equations.

(1) Per NBCC 2010, Table 4.1.8.18, Category 11

Al =10
Cf{=10
Rl =125
NOTE: Controllers can be considered machinery that are rigid and

rigidlly connected. See Note (3) from requirement 8.4.14.1(b).

h 58
C,A |1+2-* DD 1+2=2
lean, ( ; ]_()( )1+ 61)2232

n
P R, R, a 1.25

whete S minimum allowed = 0.7 and S, maximum
need not be more than four. Calculated Sp falls within
the gcceptable range and will be used.

(2) Per requirement 8.4.15(a)

Wp = 3560 N
Therefore

03F,8,(02)I:8, W, = 0.3(1)(0.98)(1.5)2.32)(3560 N)
= 36423 N

Per requirement 8.4.14.1.1(b)

!
Il

(d
E,==*0.2 —ZFS (02) W
[4 3G a [4

= iO.2E(1)(0.98)](3 560 N)=+4652N

2.2.3 Determination of Proper Seismic Loading. Per
requjrement8:4.14.1.2, IBC/ASCE 7 basic load combina-
tiond forASD are

06D + 0.7E [load combination 8.4.14.1.2(b)]

guidance is given in requirements 8.4.2.3.3(a) through
(d). The analysis of the fastening will be based onrbest
engineering practice.

3-3 SAMPLE CALCULATION(S) 3: GUIDE,RAIL
BRACKET SPACING (SI UNITS)

The applicable A17.1/B44 code\requirements arg
8.4(a), 8.4(b), 8.4.8.9,8.4.12, 8.4.14,'and 8.4.15.

3-3.1 Sample Calculation’3a (SI Units - IBC)

3-3.1.1 Given:
(a) Building installed in jurisdiction where IBC 200¢
is in effect.
(b) Latest Safety Code for Elevators and Escalator
(ASME A17-1/CSA B44) is also in effect.
(©) I, <15

(d) Sps=0.78
(e)\'Seismic Design Category C
() A standard overhead traction elevator systen
with the following;:
(1) 38426 N car weight
(2) 15575 N capacity
(3) 2100 N traveling cable weight
(4) 4619 N compensation weight
(5) 4.9 m car guide overall height (CL lower to CI{
upper guide)
(6) Opverall building height = 61 m
(7) Center of gravity of car at its highest point =
52m
(8) Center of gravity of car at its lowest point = 2m
(9) Center of gravity located one-third abovg
lower car position restraints
(10) 22.5 kg/m steel car guide rails to be used

3-3.1.2 Determination of Proper Seismic Require
ments and Force Levels
(a) Per requirement 8.4(a)(1), Seismic Design Category C

Ip =15

or
D + 0.7E [load combination 8.4.14.1.2(a)]

whichever is more stringent, where
D = dead load = W, for this application
E = earthquakeload = F, + F,
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Therefore, Section 8.4 requirements are in effect.

(b) Per requirement 8.4(b)(1), building code refer-
ences Seismic Design Categories. Therefore, force levels
per 8.4.14 are to be used.

(c) Per requirement 8.4.14.1(a)

F = horizontal force based on SD
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Therefore
max. Fp =225959N

where Iy min. F, = 156743 N
1.0 (also reference ASCE 7-10, Table 13.6-1) (b) Per requirement 8.4.8.9, the following force lev-
2.5 (also reference ASCE 7-10, Table 13.6-1) els are to be shown on elevator layouts (see Mandatory
Appendix I, Fig. I-6).
04(1)(0.78)( 52\ ppendixl, Fig 1-6)
max.tp ZTL1+Z—JWP ZU.‘:)UOVV},J .
(2.5) 61 3-3.1.3.1 Requirement 8.4.8.9.1(a). Maximuhiuide
(1.5) rail force normal to x-x axis of guide rail, F,_,
. 04(1)(078) 2Y.,. 2F, 2(22595.9
min. Fy ===y 142 | W, = 0199W, Fx_x:%_g_lggo&;gl\{

F, is not required to be greater than

= 1.65,5l,W, = 1.6(0.78)(1.5)W, = 1.872W,

F ) shall not be taken as less than

F, =038l W, = 03(0.78)(15)W, = 0.351W,

Then maximum F, = 0.506W, is acceptable (within min-
[mum/maximum F, range). Minimum F, = 0.199W _is not
cceptable. A minimum F, = 0.351W, must be used.
Therefore

max. Fp = O.506Wp

min. Fp = O.351Wp

NOTE: Equating F, formula with minimum allowed F  and solvingfor
will indicate highest point where minimum allowed z will be tised.

£ 04(1)(0.78)

o)

[1+23Jw =0351W
61) 7 r

z = 26.7 m)

[herefore, the minimum F_aalue, 0.351W , will be used for all
heights up to 26.7 m (see"Mandatory Appendix I, Fig. I-5). At
eights above 26.7 m, the edlculated F, based on z will be used.
[he calculated F, will\eoritinue to be used until z=h or the max-
mum F_value is’feached. (Maximum Fp is not reached in this
alculation.)

3-3.113"Determination of Seismic Forces for Layouts
(a)Per requirement 8.4.15(b)

WF = car weight + 40% capacity

3-3.1.3.2 Requirement 8.4.8.9:2(a). Maximum guide
rail force normal to y-y axis of guide rail, F

E, , (22595.9)

3-3.1.4 Determination of Car Rail Bracket Spacing
Based on Seismic Requirements (Section 8.4). The force
levels calculated in 3-3.1.3(b) are based on SD. To copvert
to ASD, IBC allows a factored load, 0.7F , to be used.
Al7.1/B44 has already accounted flé)r this facfored
value as (0. 7Fp)
The factored value is used when sizing equipment and
determining spacing of rail brackets (in stress calcula-

tions). See bending stress calculation section under A17.1/
B44, requirement 8.4.12.1, and 3-4, Sample Calculati¢pn 4.
(a) Nomenclature
E = modulus of elasticity for steel, E = 2.068 X
10° N/mm?
F = horizontal seismic rail force (strength level)
I = moment of inertia, mm?*
¢ = distance between car guide rail brackets, nhm
Z = elastic section modulus, mm?
A = maximum allowable deflection at center of rail

span, mm (based on A17.1/B44, Table 8.4.1p.2.2,
reproduced in Mandatory Appendix I, TableI-1)

(1) Rail Section Properties for 22.5 kg/m Rail| (Per
A17.1/B44, Fig. 8.4.8.9; See Mandatory Appendix I, Fig.{I-7)

I, =199 X 10° mm* I,,=229X 10® mmp

= 3.62 X 10* mm?3
Rail
ix1,

Z. . =31x10*mm3 Z,,

(2) Maximum Allowable Deflection, 22.5 kg/
(Per A17.1/B44, Table 8.4.12.2.2; See Mandatory Appe

Insert given values
= [38 426 + (0.4)(15 575)] = 44656 N
Updatmg maximum and minimum F, calculated above
yields

max. F, = (0.506)(44 656) = 22 5959 N

min. F, = (0.351)(44 656) = 15 674.3 N
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Table [-1)
A = 38 mm

(b) Requirement 8.4.12.1, Maximum Weight Per Pair of
Guide Rails
(1) Requirement 8.4.12.1.1(a)(1). Force normal to
x-x axis of rail (no intermediate tie brackets)

NOTE: ¢, can also be obtained from Fig. 3-3.1.4-1 with 2.93(0.7Fp) =
46344.2 N.
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V4

For 22.5 kg/m rail

0, =4948

— X 1=4948
2.93(0.7x22595.9 N)

2.93(0.7F )

3.10%10*mm? }
14

=3309.8 mm

{; = 3.31 m <~ maximum length

(2) Requirement 8.4.12.1.2(a)(1). Force normal to

7 000 kg safety load has maximum bracket spacing of 3 m

5 443 kg safety load has maximum bracket spacing of 4.3 m

6192kg—7000kg _ éSectionZ.ZB_?’m
5443 kg —7000 kg 43m-3m

y-y vis of rail (v\r\ ntermediate tie ]r\vnﬁ]{nf-c)
7 62%10% 3
0, 49896| — Y |=9gge| 6210 mm
2.93(0.7F, ) 2.93(0.7% 225959 N
=7729.9 mm
ly=773m

(c) Requirement 8.4.12.2, Required Moment of Inertia of
Guidp Rails
(1) Requirement 8.4.12.2.1. Force normal to x-x axis

of rajl
% 6 5 %
1Y249AE] (1.99x10%)(249)(38)(2.068 % 10°)
63 = — =
2F, (2x22595.9)
=4416.8 mm
ly=442m
(2) Requirement 8.4.12.2.2. Force normal to y-y axis
of rajl
, |1 498aE ]A (2.29x10°)(498)(38)(2.068 x10°
= -
2F, (2x22595.9)
=5831.5mm
¢, =58 m

Pgr seismic requirements, £, contréls and maximum
allowable rail bracket spacing is 3 3%m. This same spac-
ing dan be found using A17.1/B44,Fig. 8.4.8.2-4 (see Fig.
3-3.114-1).

3-3.1.5 Comparison of Car Rail Bracket Spacing Based
on Part 2 Rail Requirements (Section 2.23). A17.1/B44,
Part |2 rail requirements must also be checked against
safetly loading:

THe shortest/rail bracket spacing result from Section
8.4 apd Section 2.23 would control the design.

(a) Rerrequirement 2.23.4.1

L =3.675m>/, =331m

Section 2.23

Per Section 2.23, maximum allowable rail‘ spacing
is 3.675 m. Therefore, Section 8.4 bracket spat¢ing con
trols and maximum bracket spacing allowed is 3.31 m|
This same spacing can be found using A17.1/B44, Fig
2.23.4.1-1 (see Fig. 3-3.1.5-1).

3-3.1.6 Section 2.23 Versu$/'Section 8.4 Control o
Design: Additional Example. For comparison, thg
bracket spacing for the misiimum F, force will be found

for Fp =0351 Wp =156743 N

(a) Requirement, 84.12.1, Maximum Weight Per Pair of
Guide Rails
(1) Reqtiirement 8.4.12.1.1(a)(1). Force normal tq

x-x axis @rail (no intermediate tie brackets)

1x10%
rfexoss| — % |_ 4048 31310
2.93(0.7F,) 2.93(0.7x15674.3)
=4771.31mm

£, = 4.77 m « maximum length

(2) Requirement 8.4.12.1.2(a)(1). Force normal t
y-y axis of rail (no intermediate tie brackets)

4 62x10%
[, =9896| — L |= 3.62X10
2.93(0.7Fp) 2.93(0.7X15674.3)
=11143.3 mm

f,=11.14m

(b) Requirement 8.4.12.2, Required Moment of Inertia o
Guide Rails
(1) Force normal to x-x axis of rail

. _[ 1,2494E " [ (1:9910°)(249)(38) (2,068 x 10°)
K 2k, (2x15674.3)

=4989.5 mm

==

==

/. =50m
5]

total load on safety, Wsafety = car weight + capacity +

traveling cable weight + compensation weight

W

safety — 38426 + 15575 + 2100 + 4 619 = 60 720 N or

6192 kg

The allowed bracket spacing is interpolated from
Fig. 3-3.1.5-1.

(2) Force normal to y-y axis of rail

2F, (2x15674.3)

%
. [Iy 498AE]’ _ (2.29%10°)(498)(38)(2.068 x10°)
P

=6587.6 mm
{,=6.59m
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Fig. 3-3.1.4-1 A17.1/B44, Fig. 8.4.8.2-4,22.5 kg/m (15 lb/ft) Guide-Rail Bracket Spacing

177.93 (40)

169.03 (38)

(Marked for Sample Calculation 3a)

4l
RATAY

151.24 (34) \ \

142.34 (32) \\

133.45 (30) \ '
é 124.55 (28) \
g \
G] \ )
& — 115.65(26) ‘
m 8 \
\ N
CC) = 106.76 (24 \ \\
N £ 06.76 (24) \ \ One intermediate tie bracket !
g % 97.86 (22) \ XX | | I g T 195.72 (44)
g EE ’ \ \\\ /Two intermediate.fie brackets ’
Lo 7
S5 gao6 0 \ AN 177.93 (40)
5 5 \ \ \

Q

- “ 80.07(18) N\ NN 160.14 (36)
P 71.17 (16) NN 142.34 (32)
- - \ \\

62.28 (14) \\ 124.55 (28)

AN \\
. 106.76 (24

5338 (12) No intermediate tie bracket \ \\ e

46.34 kN 24.48 (10 \ 88.96 (20)
35.59 (8) ' 71.17 (16)
1.220,1.525 1.830 2.135 2.440 2.745 3.050 3.355 3.660 3.965 4.270 4.575 4.878
(4) (5) (6) (7) (8) 9) (10) (11 (12) (13)  (14) (15) (16)
3.31Tm

Bracket Spacing, m (ft)

=3

W VAT - N
VVp (OCISTINC Z0TTE Z)

Per Pair of Rails, kN (kips)

31
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Fig. 3-3.1.5-1

24000 (52,863)
23000 (50,661)
22000 (48,458)

21000 (46,256)
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A17.1/B44, Fig. 2.23.4.1-1 (Marked for Sample Calculation 3a and 3b)

| 44.5 kg (30 Ib) rail

Load on Safety, kg (Ib)

20000 (44,053)
19000 (41,850)
18000 (39,648)
17000 (37,445)
16000 (35,242)
15000 (33,040)

14000 (30,837)

AN 14515 (31,971)

—33.5 kg (22.5 Ib) rail ‘

\\ ‘ ‘ 737 g
13000 (28,634) N~
12000 (26,432) \
11000 (24,229) Vo) \\
10000 (22,046) | 27:5 kg (185 Ib) rail 9980 (21,982)
‘\
9000 (19,824) _™N e~
8000 (17,621) E\Y 8165 (17,985)
| 22.5 kg (15 Ib) rail LY
7000 (15,419) =
6192 kg ‘ —
6000 (13,216)
18kg (12]1b) rai[ M e — 5443 (11,989)
5000 (11,013) < ]
-16.5 kg (11T [b) rail \\ 4062 (8,991)
4000 (8,811) A = 3630 (7,996)
3000 (6,608) 712 kg ($ Ib) rail
\ [ ——
2000 (4,405) | (| B
! 1814\“ 1043
1000 (2,2¢3 (3,996) (2,297)
o | |
1 2 3 4
(3.3) (6.6) (9.8) 3.675m  (13)

Bracket Spacing, m (ft)

32
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Per seismic requirements, maximum rail bracket spac-
ing will be 4.77 m. Comparing this to the bracket spacing
found for Section 2.23

Lgection 223 =

For the minimum F , the bracket spacing found in
Section 2.23 controls the design.

3.675m </, =477 m

where S, minimum allowed = 0.7 and S , maximum
need not be more than four.
Maximum S, will be taken at the highest car position.
Minimum S, will be taken at the lowest car position.

(1)(1)[”2(2]}

ASME A17.1/CSA B44) is also in effect.
(c) I, =15
(d) Site Class C
(e) 5,0.2) =0.98
(f) F,=1 (per NBCC, Table 4.1.8.4.B)
(¢) Astandard overhead traction elevator system with
(1) 38426 N car weight
(2) 15575 N capacity
(3) 2100 N traveling cable weight
(4) 4619 N compensation weight
(5) 4.9 m car guide overall height (CL lower to CL
ipper guide)
(6) Overall building height = 61 m
(7) Center of gravity of car at its highest point = 52 m
(8) Center of gravity of car at its lowest point = 2m
(9) Center of gravity is located one-third above
ower car position restraints.
(10) 22.5 kg/m steel car guide rails to be uséd

3-3.2.2 Determination of Proper Seismic -Require-
ments and Force Levels
(a) Per requirement 8.4(a)(3)

I,F,S.(0.2) = (1.5)(1)(0.98).= 1.47 > 0.35

Therefore, Section 8.4 requirements are in effect.
(b) Per requirement 8.4(b)(1), building code refer-
bnces S(0.2) values. Thergfore, force levels per 8.4.14 are
o be used.

(c) Per 8.4.14.1(b)(and NBCC 2010, 4.1.8.18)

F )= horiZontal seismic force based on SD =
O’3Fasa(0'2)IESpr

NOTE: NB€C'2010, 4.1.8.18 lists Fp as Vp. ASME A171.1/B44 uses
he Fp term to maintain a common term for similar IBC/NBCC
quations.

(1) Per NBCC 2010,  Table 4.1 818 Category 18

calculated max. S, = 75 =1.08
3-3.—2—Sampte-6a+culatiuu 3ty (S: Units ?"BCC) < within allowed Sr; range
3-3.2.1 Given:
(a) Building installed in jurisdiction where NBCC 2010 5
G in effect. (1)(1){1 " z(ﬂ
(b) Latest Safety Code for Elevators and Escalators —61—:0,43

calculated min. S, =
b 2.5

< outside allowed’§ range

Calculated maximum S sis within allowed range
Calculated minimum/S, is below minimum allowWed.
Therefore, minimuay Sp used will be 0.7.

solv-
ed Sp

NOTE: Equating S, formiila with minimum allowed S and|
ing for h, will indicate’ highest point where minimum allow
will be used.

(1)(1){”2’%} N

n
25

or
h,=0375h,

(This constraint is true for all rigid components
ductile material.)

h, =0.375(61 m) =229 m

Then the minimum Sp will be used for all heigh
to 229 m.

Inserting values for F,, 5§(0.2), I, and min./max. Fp
yields

max. F, = 0.3(1)(0.98)(1.5)(1.08)W, = 0.476W,

with

min. Fp = 0.3(1)(0.98)(1.5)(0.7)Wp = 0.309Wp
Therefore
max. Fp = O.476Wp

min. F;7 = 0.309Wp

3-3.2.3 Determination of Seismic Forces for Layolits

(a) Per requirement 8.4.15(b)

A =10
C,=10
R =25

NOTE: Rails and rail brackets are considered rigid components
with ductile material and connections.

hx

n
g RP RP

33

W,

Insert given values
W, = [38426 + (0.4)(15 575)] = 44 656 N
Updating maximum and minimum F, yields

max. F, = (0.476)(44 656) = 212563 N

= car weight + 40% capacity

min. F, = (0.309)(44 656) = 13798.7 N
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Therefore
max. Fp = 21256.3 N

min. Fp = 13798.7 N

(b) Per requirement 8.4.8.9, the following force lev-
els are to be shown on elevator layouts (see Mandatory
Appendlxl F1g 1-6):

(b) Requirement 8.4.12.1, Maximum Weight Per Pair of
Guide Rails
(1) Requirement 8.4.12.1.1(a)(1). Force normal to
x-x axis of rail (no intermediate tie brackets)

NOTE: /, can also be obtained from A17.1/B44, Fig. 8.4.8.2-4 with
2.93(0.7Fp) = 10,433.8 Ibf. See Fig. 3-3.2.4-1.

el oz LT

310x10*mm> |

\L/ i\CI/Il/lLICIILCILL () x. 8 9 1\!4/ lVlC{)\lllll,llll Suluc 16[11 €1 - 4 /TS - 4{)‘10
forcd normal to x-x axis of guide rail, F__ [293 (0'7Fp)J L2'93 (07212563 N)J
2F, 2(21256.3) =3518.3mm
Fey= 3 3 141709 N £, = 3.5 m < maximum length

(2) Requirement 8.4.8.9.2(a). Maximum guide rail

forcq normal to y-y axis of guide rail, F,

_F, (21256.3) _

EF,., —?—7—7085.4N
THerefore
F . =141709N
F,, =70854N

3-B.2.4 Determination of Car Rail Bracket Spacing
Based on Seismic Requirements (Section 8.4). The
forcq levels calculated in 3-3.2.3(b) are based on SD. To
convlert to ASD, IBC allows a factored load, 0.7F , to be
used| This same factored load will be used for NECC to
convlert to ASD.

A17.1/B44 has already accounted for this factored
valug as (0.7F )

THe factored value is used when sizing equipmeént’and
detefmining spacing of rail brackets (in stresstcalcula-
tiond). See bending stress calculation sectiopunder A17.1/

B44, frequirement 8.4.12.1 and 3-4, Sample Cdlculation 4.
(a) Nomenclature
H = modulus of elasticity for &téel, E = 2.068 X 10°
N/mm?
F| = horizontal seismic rail force (strength level)
= moment of inertia, mm?*
= distance between.car guide rail brackets, mm
7 = elastic sectionstodulus, mm?
A = maximumallowable deflection at center of rail

span,mm (based on Mandatory Appendix I,
Table-1)
(1)~Rail Section Properties for 22.5 kg/m Rail (See

Manglatery’ Appendix I, Fig. I-7)

(2) Requirement 8.4.12.1.2(a)(1). Force) normal td
y-y axis of rail (no intermediate tie brackets)

v | 3.62x10*mm’®
2.93(0.7F,) 2.93(0.7 X 212563 N

1,=98%

=8217.0 mm
f5=82m

=

(c) Requirement 8&.12.2, Required Moment of Inertia of
Guide Rails
(1) Refutirement 8.4.12.2.1. Force normal to x-x axi
of rail

%

Y\D249AE |

2T B
14

(199 10%)(249)(38)(2.068  10%) |
(2x21256.3)

=4507.7 mm
ly=45m

(2) Requirement 8.4.12.2.2. Force normal to y-y axis
of rail

[Iy 498AE ]%
0y= -
2F,

=5951.5mm

(2.29%10°)(498)(38)(2.068 x10°) 1
(2x21256.3)

l,=6.0m

Per seismic requirements, £, controls, and maximun
allowable rail bracket spacing is 3.5 m. This same spac
ing can be found using A17.1/B44, Fig. 8.4.8.2-4 (see Figj
3-3.2.4-1).

3-3.2.5 Comparison of Car Rail Bracket Spacing Baseg
on Part 2 Rail Requirements (Section 2.23). A17.1/B44

I, = 1.99X10° mm* Iy= 2.29X10° mm*

Z, = 3.1x10* mm? Zy = 3.62X10* mm?

(2) Maximum Allowable Deflection, 22.5 kg/m Rail
(See Mandatory Appendix 1, Table I-1)

A = 38 mm

34

Part2Tait TEeqUITEIITeTTtS TITuSt atsobechecked AZALITS
safety loading.

The shortest rail bracket spacing result from Section
8.4 and Section 2.23 would control the design.

(a) Per requirement 2.23.4.1

total load on safety, W, ..,
traveling cable weight + compensation weight

= car weight + capacity +
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Fig. 3-3.2.4-1 A17.1/B44, Fig. 8.4.8.2-4, 22.5 kg/m (15 lb/ft) Guide-Rail Bracket Spacing
(Marked for Sample Calculation 3b)

(6) (7)

(9) (10)  (11) | (12) (13)  (14)
35m

Bracket Spacing, m (ft)

177.93 (40)
169.03 (38)
10U. 14 (50)
151.24 (34)
142.34 (32)
133.45 (30) \
£ 124.55 (28) \
g_) 8
5 A\
5 — 115.65 (26) .
® 28 \ \ )
v q
S 10676 (24) \
':l) Z : N\ One intermediate tie bracket : k
§ % 97.86 (22) ‘>< ‘ | | | 195.72 (44)
3 : . \ \\\ /Two intermediate-{ie brackets .
-~ 0O N7
[ [¢
S5 88.96(20) \ \\\ 177.93 (400
o = \ 7
[]
Qn
= 80.07 (18) \ AR N 160.14 (36)
~
P 71.17 (16) NN 142.34 (32)
K TN N
62.28 (14) \ \\\ 124.55 (28)
53.38 (12) : — AN \\ 106.76 (24)
mtermed@te tie bracket \\ \
44.48 (10) ! 88.96 (20)
\\
35.59 (8) S~ 71.17 (16)
1.200YT.525 1.830 2.135 2.440 2.745 3.050 3.355 | 3.660 3.965 4.270 4.575 4.878

(16)

35

VVp\UGIDIIII\, LUTIC 47
Per Pair of Rails, kN (kips)
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W

safety

= 38426 + 15575 + 2100 + 4619 = 60 720 N or
6192 kg

The allowed bracket spacing is interpolated from

%
. ( I, 498AE] _ (229x10%)(249)(38)(2.068 x 10°)

(2) Force normal to y-y axis of rail

1

A17.1/B44, Fig. 2.23.4.1-1 (see Fig. 3-3.1.5.1). ZFP (2 <13 798.7)
For 22.5 kg/m rail =6873.5mm
7 000 kg safety load has maximum bracket spacing of 3 m /. =69 m

5 44B kg safety load has maximum bracket spacing of 4.3 m

6192kg ~7000kg | _( section223 ~3m
5443 kg —7000 kg 43m-3m

0 =3.675m >/, =35m

Section 2.23

THerefore, Section 8.4 bracket spacing controls and
maxjmum bracket spacing allowed is 3.5 m. This same
spacjng can be found can be found using Al17.1/B44,
Fig. £.23.4.1-1 (see Fig. 3-3.1.5.1).

3-B.2.6 Section 2.23 Versus Section 8.4 Control
of Design - Additional Example. For comparison,
the fpracket spacing for the minimum F, force will be
founid

for Fp = 0.309 Wp =13798.7 N

(a) Requirement 8.4.12.1, Maximum Weight Per Pair of
Guidp Rails
(1) Requirement 8.4.12.1.1(a)(1). Force normal to
x-x alxis of rail (no intermediate tie brackets)

~
—_
|

4
{q048| — |- 1018 310X10
2.93(0.7F,) 2.93(0.7 x13 7987 N)
=5419.9 mm

£, = 54 m < maximum length

(2) Requirement 8.4.12.1.2(a)(1)." Force normal to
y-y alxis of rail (no intermediate tie/brackets)

Z 62%x10%
(559896 ——~—[=9896 3.62x10
2.93(0.75,) 2.93(0.7x13798.7 N)
=12658 mm
/,=127m

(b) Regtiirement 8.4.12.2, Required Moment of Inertia of
Guidp Rails

(1) Eorcanormaltor-x axicofrail
tO—X—X—

Per seismic requirements, maximum rail bracket spac
ing will be 5.2 m. Comparing this to the bracket spacing
found for Part 2

0 =3675m </, =52m

For the minimum F , the bracket spacing found in
Section 2.23 controls the design.

Section 2.23

3-4 SAMPLE CALCULATION(S) 4: GUIDE RAIL
BRACKET STRENGTH AND DESIGN (SI UNITS)

The applicable A17.14B44 code requirements are 8.4(a)
8.4(b), 8.4.8.7,8.4.12, 84)14, and 8.4.15.

3-4.1 Sample Calculation 4a (SI Units — IBC)

3-4.1.1 Given:

(a) Bdildihg installed in jurisdiction where IBC 200¢
is in effect.

(b} Latest Safety Code for Elevators and Escalator
(ASME A17.1/CSA B44) is also in effect.

(c) I,=10

(d) $ =075

(e) Seismic Design Category D

(f) Counterweight weight = 33361.7 N

(g) Counterweight is two-thirds full

(h) Distance between upper and lower position
restraints is greater than rail bracket span, L > ¢

(i) Center of gravity of counterweight at its highest
point, z =61 m

(j) Average roof height of structure with respect tq
base, h = 67 m

3-4.1.2 Determination of Proper Seismic Requirements
and Force Levels
(a) Per requirement 8.4(a)(1)

Seismic Design Category = D

component importance factor, L,=1.0

Therefore, Section 8.4 requirements are in effect.
(h) Per requirement 84(b)(1), building code refer

\e 3 +Orce-Hoar T5-O1+—THT

[Ir249AEJ
1y=] > =

1;

(1.99x10°)(249)(38)(2.068 > 10°
(2x13798.7)

2F,

5206 mm

f,=52m

ences Seismic Design Categories. Therefore, force levels
per 8.4.14 are to be used.
(c) Per requirement 8.4.14.1(a)

Fp = horizontal force based on SD

0.4a,S
— DS 1+2(5j W
Rp h 14

Ty
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where Per H3
a, = 1.0 Q=167
R, =125 Therefore
W, = 33361.7 N [per requirement 8.4.15(a)]
0 4(1) (O 75) 61 Allowable Strength Design Allowable Stress Design
. . m
max. Fp = 25 l:l + 2[ 67 m]:|(33 361-7) 0.6Force,,,, = Force . 4 0.65tressy,,y = Sress bl
1.0
=112932 N Per Table 8.4.8.7, the bracket force was factoredyjy 0.7

3-4.1.3 Guide Rail Bracket Design

(a) Per requirement 8.4.8.7 (and Table 8.4.8.7), the
buide rail brackets must withstand the seismic loads
pecified in 8.4.8.2.6. These are summarized, for this
rase, in Table 8.4.8.7.

(1) To design for deflection, the rail bracket, its
astenings, and any building supports must have a com-
bined deflection of not greater than 6 m with a horizontal
eismic load, P, of (see Mandatory Appendix I, Fig. I-8)

2 2
pP= (CB)E(FP) =(1)5(112932)=75288N
(2) To design for stress, no permanent deforma-
ion may result from the combined stresses resulting
rom the horizontal seismic load, P, of

P = (CB)%(FP) = (0.7)%(11 293.2)=527016 N (3413

This force is imposed directly on to the counterweight
ail bracket.

ANSI/AISC 360-05, Chapter H, H3.2 states (se¢ Note
| and Mandatory Appendix I, Fig. I-9)

2
EoM Ve Tl 2y
P M) \V

c c

M, = allowable flexural strength (as defined in
Chapter F)

M, = required flexuralstrength

P_= allowable tensile or compressive strength
(as defined{in Chapter D or E)

= required-axial strength (calculated value)

= allowable torsional strength (as defined in
Chapter H)

T = Aequired torsional strength

V_=\allowable shear strength (as defined in Chapter G)

Vo5 required shear strength

NOTE: See A17.1/B44, Table 8.4.8.7, Note 6.

[eq.(3-4.1.3-1)].

Allowable Strength Design Allowabte Stress Desigi

0.6Force,,,, = 0.7Force . ;e 0.6Stress iy, = 0.7Stress_ |

or

0.86 Stress¢y, = Stress ;...

Note that this is approximately the same stress [limit
that had been used in previous editions of Al7.| for
bending stress in-brackets.

3-4.2 Sample Calculation 4b (SI Units - NBCC)

3-4:2.1 Given:

(@) “Building installed in jurisdiction where NBCC
2010 is in effect.

(b) Latest Safety Code for Elevators and Escalators
(ASME A17.1/CSA B44) is also in effect.

(c) I;=1.0

(d) Site Class C

(e) 5,(02)=1.0

(f) F,=1 (per NBCC Table 4.1.8.4.B)

(g) Counterweight weight = 33 361.7 N

(h) Counterweight is two-thirds full

(i) Distance between upper and lower podition
restraints is greater than rail bracket span, L > ¢

(j) Center of gravity of counterweight at its highest
point, z = 61 m

(k) Average roof height of structure with respdct to
base, h = 67 m

3-4.2.2 Determination of Proper Seismic Require-
ments and Force Levels
(a) Per requirement 8.4(a)(3)

I,F,5,0.2) = (1LO)(1)(1) = 1.0 > 0.35

Therefore, Section 8.4 requirements are in effect.

AISC provides equalities, etc., in terms of allowable
strength. A17.1 provides requirements in terms of allow-
able stress. In generic terms

Allowable Strength Design Allowable Stress Design

Force, oy _ Stressyielg _
Q Q
FOrce oqireq (alculated force) Stress,owable

(b Per tequirement S.4(b)(1), building code refer-
ences 5(0.2) values. Therefore, force levels per 8.4.14 are
to be used.

(c) Per 8.4.14.1(b) (and NBCC 2010, 4.1.8.18)

F = horizontal seismic force based on SD =
O.SFaSu(O.Z)IESPWp

NOTE:NBCC2010,4.1.8.18listsF, as V . A17.1/B44 uses the F term
to maintain a common term for similar IBC/NBCC equations.
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where
Wp = 33 361.7 N [per requirement 8.4.15(a)]
and F, 5,(0.2), and I, are provided above.

NOTE: See A17.1/B44, Table 8.4.8.7, Note 6.

AISC provides equalities, etc., in terms of allowable
strength. A17.1 provides requirements in terms of allow-

I able stress. In generic terms
CAA CpAr(l-Fij
g —_Prx_ hn Allowable Strength Design Allowable Stress Design
! RP RP
Force,ow _ Stressyieg _
61 T =
(D)D) 1+ 2(5) Force, oq,ireq (calculated force) Stressaiiowable
calculated max. S, = = ==1.13
2.5
«within allowed S_range of 0.7 through 4 Per H3
p
Q=167
NOTE: Rails and rail brackets are considered rigid components
Therefore

with Huctile material and connections. Therefore, C, = 1.0, A, =
1.0, ahd Rp = 2.5 (per NBCC 2010, Table 4.1.8.18, Category 18).

max. F, = 0.3(1.0)(1.0)(1.0)(1.13)(33 361.7) = 11 309.6 N

3-4.2.3 Guide Rail Bracket Design

(a) Per requirement 8.4.8.7 (and Table 8.4.8.7), the
guide rail brackets must withstand the seismic loads
specified in 8.4.8.2.6. These are summarized, for this
case/in Table 8.4.8.7.
(1) To design for deflection, the rail bracket, its fas-
tenirfgs, and any building supports must have a combined
deflection of not greater than 0.25 in. with a horizontal seis-
mic load, P, of (see Mandatory Appendix I, Fig. I-8)

P=@E§@H=O%ﬂl%9®=7%97N

(2) To design for stress, no permanent defotma-
tion [may result from the combined stresses.restlting
from| the horizontal seismic load, P, of

P=C&§@J=@ﬂ§@ﬂ@bkﬂ2ﬁ8N (3-4.2.3-1)

THis force is imposed directly on-to'the counterweight
rail Bracket.

AINSI/AISC 360-05, Chapter H, H3.2 states (see Note
1 angl Mandatory Appendix, Fig. I-9)

2
LA 3 N L/
P w) Vv

c c

M) = allowable flexural strength (as defined in
Chapter F)

Allowable Strength Design Allowable Stress Design

0.6Force = Force

allow = 0.6Stress, ;4 = Stress

required allowable

Per Table 8.4.8.7, thebracket force was factored by 0.7
[eq. (3-4.2.3-1)].

Allowable Strength Design Allowable Stress Design

0.6Fareey o, = 0.7Forcerequired 0.65tress;,y = 0.75tress i1

or

0.86Stress,,,; = Stress_;; .

Note that this is approximately the same stress limit
that had been used in previous editions of A17.1 fo
bending stress in brackets.

3-5 SAMPLE CALCULATION(S) 2: CONTROLLER
ANCHORAGE (IMPERIAL UNITS)

The applicable A17.1/B44 code requirements arg
8.4(a), 8.4(b), 8.4.14, 8.4.15, and 8.4.2.3.

3-5.1 Sample Calculation 2a (Imperial Units - IBC)

3-5.1.1 Given:

(a) Building installed in jurisdiction where IBC 2004
is in effect.

(b) Latest Safety Code for Elevators and Escalator:

M| = required flexural Strength (ASME A17.1/CSA B44) is also in effect.
Pl =allowable tensile or compressive strength (c) I, =15
(as defined in Chapter D or E) (d) Spg=10.78
P, = required axial strength (calculated value) (e) Seismic Design Category C
T, = allowable torsional strength (as defined in (f) Controller weight = 800 1b

Chapter H)
= required torsional strength
allowable shear strength (as defined in Chapter G)
= required shear strength

SN H
Il

(g) Controller attachment elevation with respect to
base, z = 190.5 ft

(h) Average roof height of structure with respect to
base, h = 200.5 ft
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3-5.1.2 Determination of Proper Seismic Requirements
and Force Levels
(a) Per requirement 8.4(a)(1)

Seismic Design Category = C
component importance factor, Ip =15

Therefore, Section 8 4 rerlnirp‘mpn’rq are in effect

guidance is given in requirements 8.4.2.3.3(a) through
(d). The analysis of the fastening will be based on best
engineering practice.
NOTE: ASCE 7-10, Section 13.4.2, Anchors in Concrete or Masonry:
Anchors embedded in concrete or masonry shall be proportioned
to carry the least of the following:

(a) 1.3 times the force in the component and its supports due to

the prescribed forces.
fb)themasdinumforce—that-canbetransferred—+to—the—anchor

(b) Per requirement 8.4(b)(1), building code refer-
ences Seismic Design Categories. Therefore, force levels
per 8.4.14 are to be used.

(c) Per requirement 8.4.14.1(a)

F )= horizontal force based on SD

_ O‘4apSDS 142 E W
R, h P
1,
where P
a, = 1.0 (also reference ASCE 7-10, Table 13.6-1)
Rp = 2.5 (also reference ASCE 7-10, Table 13.6-1)
W, = 800 Ibf [per requirement 8.4.15(a)]
g, = 24O, o[ 1905f (8001bf)=43431b
p 2.5 200.5 ft

15

F, is not required to be greater than
F,=1.65,5,W, =1.6(0.78)800 Ibf = 998 Ibf
F, shall not be taken as less than

= 038 gl W, = 0.3(0.78)(1.5)800 Ibf = 28] Tbf

Therefore, F, = 434.3 Ibf is acceptable.
(d) Per requirement 8.4.14.1.1(a)

F, = vertical force = iO.ZSDSWp =
+0.2(0.78)800 Ibf =.x125 Ibf

3-5.1.3 Determination of Proper Seismic Loading
Per requirement 8.4-14.1.2, IBC/ASCE 7 basic load
fombinations for ASD,are

0.6D + 0.ZEHload combination 8.4.14.1.2(b)]
br
D’ #0.7E [load combination 8.4.14.1.2(a)]

Nhichever is more stringent, where
= dead load = W, for this application

by the component and its supports. The value of R)usged in
Section 13.3.1 to determine the forces in the connected part
shall not exceed 1.5 unless
(1) the component anchorage is designed, to"be governed
by the strength of a ductile steel element
(2) the design of the post-installed anchers in concretd used
for component anchorage is prequalified for seismic applicgtions
in accordance with ACI 355.2

(3) the anchor is designedyin accordance with Section
14.2.2.14
3-5.2 Sample Calculation 2b (Imperial Units - NB{LC)

3-5.2.1 Given:

(a) Building\installed in jurisdiction where NBCC
2005 is in effect.

(b) Latest Safety Code for Elevators and Escalators
(ASME.A17.1/CSA B44) is also in effect.

(©)<I=15

(d) Site Class C

(e) 5,(0.2)=0.98

(f) F,=1 (per NBCC Table 4.1.8.4.B)

(g) Controller weight = 800 1b

(h) Controller attachment elevation with respect to
base, z = 190.5 ft

(i) Average roof height of structure with respdct to
base, h = 200.5 ft

3-5.2.2 Determination of Proper Seismic Requirements
and Force Levels
(a) Per requirement 8.4(a)(3)

I.F,5(0.2) = (1.5)(1)(0.98) = 1.47 > 0.35

Therefore, Section 8.4 requirements are in effect.

(b) Per requirement 8.4(b)(1), building code refers
5,(0.2). Therefore, force levels per 8.4.14 are to be use

(c) Per requirement 8.4.14.1(b) (and NBCC
4.1.8.17)

nces
d.
005,

F = horizontal force based on SD =
0.3F,S,(0.2)I S W

NOTE:. NN BCC ’)nﬂf\ 41817 lists F as V ASME-_A1711 /B4

uses

E — na«+hq1 d]/n]r\dr] — T_‘ L T_‘

The seismic loading to be used will be the most strin-
gent of the four cases outlined in Mandatory Appendix
I, Figs. I-1 through I-4.

Maximum tension on the controller anchors will be gen-
erated with Case 1 (see Mandatory Appendix I, Fig. I-1).

Itis not the purpose of this example to design a specific
anchorage of the controller to its supports. Depending on
the medium to which the controller is attached, design
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the F term to maintain a common term for similar IBC/NBCC
equatlons

(1) Per NBCC 2005, Table 4.1.8.17, Category 11

A =10
C,=10
R, = 125
NOTE: Controllers can be considered machinery that are rigid and

rigidly connected. See Note (3) from requirement 8.4.14.1(b).
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h
Ci A, CpAr[thxj (1)(1)(1+2
S = =

n/) _
P
R, Rp 1.25

190.5
200.5

) =232

where S minimum allowed = 0.7 and S maximum

need not be more than 4. Calculated S_ falls within the
. 4

acceptable range and will be used.

() I,=15
(d) Spg =078
(e) Seismic Design Category C
(f/ A standard overhead traction elevator system
with
(1) 8,634 b car weight
(2) 3,500 Ib capacity
(3) 472 1b traveling cable weight

(2) Per reauirerment-3.4-15(a)
1 7

Wp = 800 Ibf
THerefore
F;7 = 0'3Fasa(0'2)lESpr = 0.3(1)(0.98)(1.5)(2.32)(800 1bf)
=818.5 Ibf
(d)] Per requirement 8.4.14.1.1(b)
F, =5+ 0.2[%1—;5,1 (0.2)}Wp =+ 0.2{%(1)(0.98)}(800 lbf)
=*+104.5Ibf
3-5.2.3 Determination of Proper Seismic Loading. Per

requjrement 8.4.14.1.2, IBC/ASCE 7 basic load combina-
tiond for ASD are

0.6D + 0.7E [load combination 8.4.14.1.2(b)]
or
D + 0.7E [load combination 8.4.14.1.2(a)]

whidhever is more stringent, where

[} = dead load = W, for this application
H = earthquakeload = F + F,
THe seismic loading to be used will be the most strin-

of the four cases outlined in Mandatory Appendix
I, Figs. I-1 through I-4.

Mhaximum tension on the controller arichors will be
gendrated with Case 1 (see Mandatory Appendix I,
Fig. [-1).

It s not the purpose of this example to design a specific
anchiorage of the controller to its.supports. Depending
on the medium to which._thé controller is attached,
design guidance is given\in requirements 8.4.2.3.3(a)
throgigh (d). The analy$is.of the fastening will be based
on best engineeringpractice.

gent

3-6 | SAMPLE'CALCULATION(S) 3: GUIDE RAIL

BRACKET SPACING (IMPERIAL UNITS)

THevapplicable A17.1/B44 code requirements are

QAAN-Q 4 Q Q Q 4. 17 Q 4 14 4-1=

(4) 1,038 Ib compensation weight

(5) 16 ft car guide overall height (CL lower.to.CI}
upper guide)

(6) Overall building height = 200.5 ft

(7) Center of gravity of car at its highest point =
187.5 ft

(8) Center of gravity of car at it§ lowest point = 7 f{

(9) Center of gravity is located one-third abovg
lower car position restraints.

(10) 15 1b steel car guide,rails to be used

3-6.1.2 Determinatiof:of Proper Seismic Requirements
and Force Levels
(a) Per requirement 8.4(a)(1)

Seismic Design Category C

Ip =15

Therefore, Section 8.4 requirements are in effect.

(b) Per requirement 8.4(b)(1), building code refer
ences Seismic Design Categories. Therefore, force level
per 8.4.14 are to be used.

(c) Per8.4.14.1(a)

F = horizontal seismic force based on SD

0.4a,S
ZpeDS 1+2£ W
R, h)?
1,
where b
a, = 1.0 (also reference ASCE 7-10, Table 13.6-1)

Rp = 2.5 (also reference ASCE 7-10, Table 13.6-1)

~ 0.4(1)(0.78) 1875).,, _
max. F, = 25) 1+2 005 W, =0.537W,
(1.5)
.~ 04(1)(0.78) 7 _
min. F, = 25) 1+2 2005 W, =0.200W,
(1.5)

E s not required to be greater than

8.4(

1 Q
), O.=x\V), 0.7.0.7, 0.%. 14, O.7%. 1%, dITU O.7. 1J.

3-6.1 Sample Calculation 3a (Imperial Units — IBC)

3-6.1.1 Given:

(a) Building installed in jurisdiction where IBC 2006
is in effect.

(b) Latest Safety Code for Elevators and Escalators
(ASME A17.1/CSA B44) is also in effect.

40

Fp = 1.6SDSIpr = 1.6(0.78)(1.5)Wp = 1.872Wp
F » shall not be taken as less than
Fp = 0‘3SDSIpr = 0.3(0.78)(1.5)Wp = 0.351W;7

Then maximum F, = 0.537W,, is acceptable (within min-
imum/maximum F range). Minimum F_ = 0.200Wp isnot
acceptable. A minimum F, = 0.351W, must be used.
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Therefore
max. F, = 0.506W,
min. F, = 0.351W,
NOTE: Equating F, formula with minimum allowed F, and solving

for z will indicate ﬁighest point where minimum allowed z will be
used.

3-6.1.4 Determination of Car Rail Bracket Spacing Based
on Seismic Requirements (Section 8.4). These force levels
calculated in 3-6.1.3(b) are based on SD. To convert to ASD,
IBC allows a factored load, 0.7F to be used.

A17.1/B44 has already accounted for this factored
value as (0.7Fp).

The factored value is used when sizing equipment
and determining spacing of rail brackets (in stress

S)Wp =0.351W,

z =877 ft

Therefore, the minimum F_ value, 0.351W , will be used for
11 heights up to 87.7 ft (see Mandatory Appendix I, Fig. I-5). At
eights above 87.7 ft, the calculated F, based on z will be used.
[he calculated F, will continue to be used until z = h or the max-
mum F_ value is reached. (Maximum F ) is not reached in this
alculation.)

3-6.1.3 Determination of Seismic Forces for Layouts
(a) Per requirement 8.4.15(b)

W,

Insert given values

W, = [8,634 + (0.4)(3,500)] = 10,034 Ibf

= car weight + 40% capacity

Updating maximum and minimum F, calculated
hbove yields

max. F, = (0.537)(10,034) = 5,388.3 Ibf

min. Fp = (0.351)(10,034) = 3,521.9 bt
Therefore
max. Fp = 5,388.3 Ibf

min. Fp = 3,521:9'1bf

(b) Per requirement 8.4.8.9;, the following force lev-
b]s are to be shown on elévator layouts (see Mandatory
Appendix I, Fig. I-6).

3-6.1.3.1 Requirement 8.4.8.9.1(@). Maximum guide
ail force normal'to x-x axis of guide rail, F

2F
P =—Lr= 2(5,388.3) 3,592.2 Ibf

calculations). See bending stress calculation .seftion
under A17.1/B44, requirement 8.4.12.1 and 3-7,Sample
Calculation 7.

(a) Nomenclature

E = modulus of elasticity for steel (E,= 30 X 109psi
F )= horizontal seismic rail force\(Strength level)

I = moment of inertia, in.*

¢ = distance between caryguide rail brackets, i.

Z = elastic section modulus, in.3

A = maximum allowable deflection at center of rail

span, in. (based on A17.1/B44, Table 8.4.1p.2.2,
reproduced:in Mandatory Appendix I, Table{I-1)

(1) Rail Section Properties for 151b Rail (See Mandatory

Appendix I, Fig. I'7)

[[=478in* I,= 551 in*

Z =189in? Z,=221 in?
(2) Maximum Allowable Deflection, 15 Ib Rai
Mandatory Appendix 1, Table I-1)
A =1.50in.

(b) Requirement 8.4.12.1, Maximum Weight Per Phir of
Guide Rails
(1) Requirement 8.4.12.1.1(a)(1). Force normpl to

x-x axis of rail (no intermediate tie brackets)

(See

3-6.1.3.2 Requirement 8.4.8.9.2(a). Maximum guide
rail force normal to y-y axis of guide rail, F, vy

F
F,,= p 53883 _ 1,796.1 1bf
3 3
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NOTE: ¢, can also be obtained from Fig. 3-6.1.4-1 with 2.93(0.7F ) =
11,0514 1b.
0,=717,671 L |- 717,671 189
2.93(0.7F, ) 2.93(0.7 % 5,38.3)
=122.7 in.
¢, = 10.2 ft <~ maximum length
(2) Requirement 8.4.12.1.2(a)(1). Force normal t¢ y-y
axis of rail (no intermediate tie brackets)
Z
l,=1,435,342 — |=1,435,342 22 ]
2.93(0.7F, 2.93(0.7 % 5,388.3)
=287.0in.
0, =239 ft

(c) Requirement 8.4.12.2, Required Moment of Inertia of
Guide Rails
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(1) Requirement 8.4.12.2.1. Force normal to x-x axis
of rail

17

3-6.1.6 Section 2.23 Versus Section 8.4 Control of Des-
ign: Additional Example. For comparison, the bracket
spacing for the minimum F p force will be found

%
. _[1.299aE (4.78)(249)(1.5) (30 10°) for F, = 0.351W, = 35219 Ib
3 ZFp (2><5,388.3) (a) Requirement 8.4.12.1, Maximum Weight Per Pair of
17071 Guide Rails
- usm (1) Requirement 8.4.12.1.1(a)(1). Force normal to
I — 142 ft X-X axis ol rail (no mtermediate tie brackets)
A .
(2) Requirement 8.4.12.2.2. Force normal to y-y axis 1.89
of rafl 0,=717,671 ——>— |=717,671 -
) p 2.93(0.7F, ) 2.93(0.7 X8,521.9) |
| _[Ly498aE " [ (551)(498)(15)(30%10°) —187 8in.
b 2F, B (2x5,388.3) ¢, = 15.6 ft < maximumlength
=2254in. (2) Requirement 8.4.12.1¢2¢a)(1). Force normal tq
/ — 188 ft y-y axis of rail (no intermediate tie brackets)
4 - .

Per seismic requirements, £, controls and maximum
allowable rail bracket spacing will be 10.2 ft. This same
spacng can be found using A17.1/B44, Fig. 8.4.8.2-4 (see
Fig. B-6.1.4-1).

3

6.1.5 Comparison of Car Rail Bracket Spacing Based
on Part 2 Rail Requirements (Section 2.23). A17.1/B44,
Part |2 rail requirements must also be checked against
safetly loading.

THe shortest rail bracket spacing result from Section
8.4 ahd Section 2.23 would control the design.

(a) Per requirement 2.23.4.1

totdl load on safety, W, = car weight + capacity +

[raveling cable weight + compensation weight

Weatety = 8,634 + 3,500 + 472 + 1,038 13,644 b
THe allowed bracket spacing is intefpolated from Fig.
3-6.115-1.

For 15 b Rail

15,4119 |b safety load has maximum bracket spacing of 9.84 ft
11,989 b safety load hasfnaximum bracket spacing of 14.104 ft

| H |

ESection 223 9.84 ft
14.104 ft —9.84 ft

13,644 1b=15,419 Ib
11,9891b~ 15,419 1b

KSection 223

Z, 2.21
0,=1,435,342| — 41 |=1,435,342
2.93(07F, ) 2.93(0.7 X 3,521.9)
=439.1in.
0, =366 ft

Y

(b) Requirement 8.4.12.2, Required Moment of Inertia o
Guide Rails
(1) Requirement 8.4.12.2.1. Force normal to x-x axis
of'rail

%

%
. _[L2098E) _ (4.78)(249)(1.5) (30 10°)
L= -
2F, (2x3,521.9)
=196.6in.
0, =164 ft

(2) Requirement 8.4.12.2.2. Force normal to y-y axi
of rail

1,

%
6
. 1,498AE) (5.51)(498)(1.5)(30 x10°
2F, (2x3,521.9)
=259.8n.
0, =216 ft

Per seismic requirements, maximum rail bracket spac

12.05 ft >/, = 10.2 ft

Per Section 2.23, maximum allowable rail spacing is
12.05 ft.

Therefore, Section 8.4 bracket spacing controls and
maximum bracket spacing allowed is 10.2 ft. This same
spacing can be found using Al17.1/B44, Fig. 2.23.4.1-1
(see Fig. 3-6.1.5-1).
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ing will be 15.6 ft. Comparing this to the bracket spacing
found for Section 2.23

L

Section 2.23 12.05 ft < fl =15.6ft

For the minimum F , the bracket spacing found in
Section 2.23 controls the design.
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Fig. 3-6.1.4-1 A17.1/B44, Fig. 8.4.8.2-4,22.5 kg/m (15 lb/ft) Guide-Rail Bracket Spacing

18144 (40)

17237 (38)

nnnnnnnnn

(Marked for Sample Calculation 3a)

2.93(0.7) F, or W, (Seismic Zone 3 or Greater)
Per Pair of Rails, kg (kips)

1051.4 b

TOOSUTO07

19958 (44)

18144 (40)

16330 (36)

14515 (32)

12701 (28)

10886 (24)

9072 (20)

7258 (16)

15422 (34)
14515 (32)
13608 (30) \
12701 (28) \\ I
11794 (26) \\\ ‘
10886 (24) \\ ne intermediate tie bracket ;
O
9979 (22) d l I
\ N\ Two intermediate _tip: brackets
9072 (20) \
8165 (18) \\ \
7258 (16) \ \
6350(14) \\t
5443 (12) - , S
intermediate't \
4536 (10) \
3629 (8)
1.220,°1.525 1.830 2.135 2.440 2.745 3.0p0 3.355 3.660 3.965 4.270 4.575 4.878

(6) (7)

(10) (11 (12) (13)  (14)

10.2 ft

Bracket Spacing, m (ft)

(16)
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vvp(beismic Zone 2)
Per Pair of Rails, kg (kips)
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Fig.3-6.1.5-1 A17.1/B44, Fig. 2.23.4.1-1 (Marked for Sample Calculation 3a)

24000 (52,863)
23000 (50,661)
22000 (48,458)

21000 (46,256)

| 44.5 kg (30 Ib) rail

Load on Safety, kg (Ib)

20000 (44,053)
19000 (41,850)
18000 (39,648)
17000 (37,445)
16000 (35,242)
15000 (33,040)
14000 (30,837)
13000 (28,634)
12000 (26,432)
11000 (24,229)
10000 (22,046)

9000 (19,824)

8000 (17,621)

7000 (15,419)
6189

\ 14515 (31,971)

—33.5 kg (22.5 Ib) rail

—27.5 kg (18.5 Ib) rail \ 9980 (21,982)

s 8165 (17,985)
|_22/5 kg (15 Ib) rail ;’

(13,644) 6000 (13,216)
5000 (11,013)

4000 (8,811)

3000 (6,608)

2000 (4,405)

1000 (2,203)
0

/

18kg (121b) rail 5443 (11,989)

4062 (8,991)
— ,
T 3630 (7,996)

16,5 kg (111 B) rail

12 kg8 1b) rail
~ Nt e —

J T
1814 1043
(3,99|6) (2,29|7)

1 2 3 4

(3.3) (6.6) (9.8) 3.673 (13)

(12.05)

Bracket Spacing, m (ft)
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3-6.2 Sample Calculation 3b (Imperial Units — NBCC)
3-6.2.1 Given:

(1)(1){”2(%;)}

calculated max. Sp =

(a) Building installed in jurisdiction where NBCC 25
2005 is in effect. -
=11 thin allowed S
(b) Latest Safety Code for Elevators and Escalators 5« within allowed 5, range
(ASME A17.1/CSA B44) is also in effect. 7
(c) I, =15 (1)(1){”2(2005)}
(d) Site Class C calculated min qi’ = o .

(e) 5,(0.2) =0.98
(f) F,=1(per NBCC Table 4.1.8.4.B)
(g) Astandard overhead traction elevator system with
(1) 8,634 1b car weight
(2) 3,500 Ib capacity
(3) 472 1b traveling cable weight
(4) 1,038 Ib compensation weight
(5) 16 ft car guide overall height (CL lower to CL
ipper guide)
(6) Overall building height = 200.5 ft
(7) Center of gravity of car at its highest point =
| 87.5 ft
(8) Center of gravity of car at its lowest point = 7 ft
(9) Center of gravity is located one-third above
ower car position restraints
(10) 15 1b/ ft steel car guide rails to be used

3-6.2.2 Determination of Proper Seismic Requirements
ind Force Levels
(a) Per requirement 8.4(a)(3)

I.F,5(0.2) = (1.5)(1)(0.98) = 1.47 > 0.35

Therefore, Section 8.4 requirements are in effect:
(b) Per requirement 8.4(b)(1), building code refer-
brices S(0.2) values. Therefore, force levels per-8.4.14 are
o be used.

(c) Per 8.4.14.1(b) (and NBCC 2005, 4.1.8.17)

F = horizontal seismic force based on SD
= O.3FﬂSﬂ(O.2)IESpr

NOTE: NBCC 2010, 4.1.8.18 lists Fp as V . ASME A171.1/B44 uses
he Fp term to maintain a“eommon term for similar IBC/NBCC
quations.

(1) Per NBEC-2005, Table 4.1.8.17, Category 18

A =10
C,=10
R, =25

NOTE«Rails and rail brackets are considered rigid components
vith‘dUctile material and connections.

= 0.43 « outside allowed Sp range

Calculated max. S is within allowed rarnige
Calculated min. S_is below minimum allowed.
Therefore, minimum S ) used will be 0.7.

NOTE: Equating S, formula with minimum allowed S and sg¢lving
for h, will indicate the highest poigt-where minimum allowed S,

will be used.
(1)(1){“2{;:]} N

25

or
h,= 0.375h,

(This*Constraint is true for all rigid components
ductile material.)

h, = 0.375(200.5 ft) = 75.19 ft

Then the minimum S ) will be used for all heigh
to 75.19 ft.
Inserting values for F,, 5 (0.2), I, and min./max. F f yields

max. F, = 0.3(1)(0.98)(1.5)(1.15)W, = 0.507W,

with

min. Fp = 0.3(1)(0.98)(1.5)(0.7)Wp = 0.309Wp
Therefore
max. Fp = 0.507Wp
min. Fp = 0.309Wp

3-6.2.3 Determination of Seismic Forces for Layojts
(a) Per requirement 8.4.15(b)

W, = car weight + 40% capacity

Insert given values
W, = [8,634 + (0.4)(3,500)] = 10,034 Ibf

[ ) Updating maximum and minimum FF vields
CoA A, CpAr Ll +2 h:J max. Fp = (0.507)(10,034) = 5,087.2 b

S = =
R, R, min. F, = (0.309)(10,034) = 3,100.5 Ib

where S, minimum allowed = 0.7 and S, maximum
need not be more than 4.
Maximum S_will be taken at the highest car position.
Minimum S, will be taken at the lowest car position.
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Therefore
max. Fp =5,087.21b

min. Fp =3,100.51b
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(b) Per requirement 8.4.8.9, the following force lev-
els are to be shown on elevator layouts (see Mandatory
Appendix I, Fig. I-6).

(1) Requirement 8.4.8.9.1(a). Maximum guide rail
force normal to x-x axis of guide rail, F__

2F, 2(5,087.2)

I3 :T”: =3,391.5 Ibf

xX-X

- z
= 717’67{2.93(09(.7@)]

1.89
2.93(0.7 % 5,087.2)

= 717,671|: ] =130in.

£, = 10.8 ft <~ maximum length

(2) Requirement 8.4.8.9.2(a). Maximum guide rail
forcd normal to y-y axis of guide rail, F Y-y

E, (5,087.2)

Fy= 3 3 1,695.7 Ibf
THerefore
F_ =33915Ibf
Fyfy = 1,695.7 Ibf
3-6.2.4 Determination of Car Rail Bracket Spacing

Based on Seismic Requirements (Section 8.4). The
forcq levels calculated in 3-6.2.7 are based on SD. To
conviert to ASD, IBC allows a factored load, 0.7Fp to be
used|. This same factored load will be used for NBCC to
convlert to ASD.

A17.1/B44 has already accounted for this factored
valug as (O.7Fp).

THe factored value is used when sizing equipment and
deteymining spacing of rail brackets (in stress calculd<
tiond). See bending stress calculation section under A17:1/
B44, requirement 8.4.12.1 and 3-7, Sample Calculation 4.

(a) Nomenclature
H = modulus of elasticity for steel, E =-30-X 10° psi
Fl = horizontal seismic rail force (strength level)
= moment of inertia, in.*
= distance between car guiderail brackets, in.

7 = elastic section modulus, in.>

A = maximum allowabl€é deflection at center of rail
span, in. (based on Table 8.4.12.2.2)

(1) Rail Section «Properties for 15 Ib/lb Rail (See

Manglatory AppendixA, Eig. I-7)
I.=478in* I,=5.51 in*
Z =189 in? Z,=221 in3

(2)Maximum Allowable Deflection, 15 Ib Rail (See
Mangatory Appendix 1, Table I-1)

(2) Requirement 8.4.12.1.2(a)(1). Force normal~tg
y-y axis of rail (no intermediate tie brackets)

l,=1, 435,342[—y}
2.93(0.7F,)
2.21
2.93(0.7 X 5,087.2)

= 1,435,342{ } =304 in.

1, =758 1t

(c) Requirement 8.4.12.2,"Required Moment of Inertia o
Guide Rails
(1) Requirement8.4.12.2.1. Force normal to x-x axis

Y

of rail

%
4.78)(249)(1.5)(30 x 10°
£32[1x249AE] | (478)(249)(15)( | .|

oF, (2x5,087.2)

1, =145 ft

(2) Requirement 8.4.12.2.2. Force normal to y-y axis
of rail

1

%
: 6
_(1,4984E) (5.51)(498)(1.5)(30x 10°
L2 (2x5,087.2)

=229.81n.

0, =192t

Per seismic requirements, ¢, controls, maximum allow
able rail bracket spacing is 10.8 ft. This same spacing
can be found using A17.1/B44, Fig. 8.4.8.2-4 (see Figj
3-3.2.4.1).

3-6.2.5 Comparison of Car Rail Bracket Spacing Baseg
on Part 2 Rail Requirements (Section 2.23). A17.1/B44]
Part 2 rail requirements must also be checked against

safetyv loading
Y o}

A =1.50in.

(b) Requirement 8.4.12.1, Maximum Weight Per Pair of
Guide Rails
(1) Requirement 8.4.12.1.1(a)(1). Force normal to
x-x axis of rail (no intermediate tie brackets)

NOTE: /, can also be obtained from A17.1/B44, Fig. 8.4.8.2-4 with
2.93(0.7Fp). See Fig. 3-3.2.4.1.

The shortest rail bracket spacing result from Section
8.4 and Section 2.23 would control the design.
(a) Per requirement 2.23.4.1

total load on safety, W, ..,
traveling cable weight + compensation weight

= car weight + capacity +

W

safety

= 8,634 + 3,500 + 472 + 1,038 = 13,644 1b
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