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PROPOSAL FOR CHANGE  
Revise Part 1, Chapter 18, Sec. 18.3  of ASCE 7-05 to align with the changes in Proposal  5-
2R (Chapter 16)  as follows: 

 
 

CHAPTER 18 

SEISMIC DESIGN REQUIREMENTS FOR STRUCTURES WITH 
DAMPING SYSTEMS 

NOTE TO PUBLISHERS – PLEASE ADD “=” BETWEEN THE SYMBOL AND THE 
DESCRIPTION  

 

18.1  General 18 
18.1.1 Scope.  Every structure with a damping system 
and every portion thereof shall be designed and 
constructed in accordance with the requirements of this 
standard as modified by this section.  Where damping 
devices are used across the isolation interface of a 
seismically isolated structure, displacements, velocities,
and accelerations shall be determined in accordance 
with Section 17. 

46 

49 

18.1.2  Definitions.  The following definitions apply to 
the provisions of Section 18. 

52 
53 

Damping device:  A flexible structural element of 
the damping system that dissipates energy due to 
relative motion of each end of the device.  
Damping devices include all pins, bolts, gusset 
plates, brace extensions, and other components 
required to connect damping devices to the other 
elements of the structure.  Damping devices may 
be classified as either displacement-dependent or 
velocity-dependent, or a combination thereof, and 
may be configured to act in either a linear or 
nonlinear manner. 

54 
55 

Damping system:  The collection of structural 
elements that includes all the individual damping 
devices, all structural elements or bracing required 

to transfer forces from damping devices to the base 
of the structure, and the structural elements 
required to transfer forces from damping devices to 
the seismic force-resisting system. 

Displacement-dependent damping device:  The 
force response of a displacement-dependent 
damping device is primarily a function of the 
relative displacement, between each end of the 
device.  The response is substantially independent 
of the relative velocity between each of the 
devices, and/or the excitation frequency. 

Velocity-dependent damping device:  The force-
displacement relation for a velocity-dependent 
damping device is primarily a function of the 
relative velocity between each end of the device, 
and could also be a function of the relative 
displacement between each end of the device.  

18.1.3  Notation.  The following notation apply to the 
provisions of Section 18. 

B1D   = Numerical coefficient as set forth in Table 
18.6-1 for effective damping equal to βml 
(m=1) and period of structure equal to 
T1D. 
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B1E   =    Numerical coefficient as set forth in Table
18.6-1 for the effective damping equal to 
βI+βV1 and period equal to T1. 
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B1M Numerical coefficient as set forth in Table
18.6-1 for effective damping equal to βmM  
(m=1) and period of structure equal to 
T1M. 

54 
55 

BmD Numerical coefficient as set forth in Table
18.6-1 for effective damping equal to βml 
and period of structure equal to Tm. 

58 

BmM Numerical coefficient as set forth in Table
18.6-1 for effective damping equal to βmM 
and period of structure equal to Tm. 

61 
62 

BR Numerical coefficient as set forth in Table
18.6-1 for effective damping equal to βR 
and the period of structure equal to TR. 

64 

BV+I Numerical coefficient as set forth in Table
18.6-1 for effective damping equal to the 
sum of viscous damping in the 
fundamental mode of vibration of the 
structure in the direction of interest, βVm  
(m = 1), plus inherent damping, βl, and 
period of structure equal to T1.  

67 

CmFD Force coefficient as set forth in Table 
18.7-1. 

CmFV Force coefficient as set forth in Table 
18.7-2. 

CS1 Seismic response coefficient of the 
fundamental mode of vibration of the struc e 
in the direction of interest, Section 18.4.2.4  
Section 18.5.2.4 (m = 1). 

79 
80 

CSm Seismic response coefficient of the mth 
mode of vibration of the structure in the 
direction of interest, Section 18.4.2.4 (m =
1) or Section 18.4.2.6 (m > 1). 

84 

CSR Seismic response coefficient of the 
residual mode of vibration of the structure 
in the direction of interest, Section 
18.5.2.8. 

87 

D1D Fundamental mode design displacement at
the center rigidity of the roof level of 
structure in the direction under 
consideration, Section 18.5.3.2. 

90 

D1M Fundamental mode maximum 
displacement at the center of rigidity of 
the roof level of the structure in the 
direction under consideration, Section 
18.5.3.5. 

DmD Design displacement at the center of 
rigidity of the roof level of the structure 

due to the mth mode of vibration in the 
direction under consideration, Section 
18.4.3.2. 

DmM Maximum displacement at the center of 
rigidity of the roof level of the structure 
due to the mth mode of vibration in the 
direction under consideration, Section 
18.4.3.5. 

DRD Residual mode design displacement at the 
center of rigidity of the roof level of the 
structure in the direction under 
consideration, Section 18.5.3.2. 

DRM Residual mode maximum displacement at 
the center of rigidity of the roof level of 
the structure in the direction under 
consideration, Section 18.5.3.5. 

DY Displacement at the center of rigidity of 
the roof level of the structure at the 
effective yield point of the seismic-force-
resisting system, Section 18.6.3. 

fi Lateral force at Level i of the structure 
distributed approximately in accordance 
with Section 12.8.3, Section 18.5.2.3. 

Fi1 Inertial force at Level i (or mass point i) in 
the fundamental mode of vibration of the 
structure in the direction of interest, 
Section 18.5.2.9. 

Fim Inertial force at Level i (or mass point i) in 
the mth mode of vibration of the structure 
in the direction of interest, Section 
18.4.2.7. 

FiR Inertial force at Level i (or mass point i) in 
the residual mode of vibration of the 
structure in the direction of interest, 
Section 18.5.2.9. 

hr Height of the structure above the base to 
the roof level, Section 18.5.2.3. 

qH Hysteresis loop adjustment factor as 
determined in Section 18.6.2.2.1. 

QDSD Force in an element of the damping 
system required to resist design seismic 
forces of displacement-dependent 
damping devices, Section  18.7.2.5. 

QmDSV Forces in an element of the damping 
system required to resist design seismic 
forces of velocity-dependent damping 
devices due to the mth mode of vibration 
of structure in the direction of interest, 
Section 18.7.2.5. 
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QmSFRS Force in a element of the damping system 
equal to the design seismic force of the 
mth mode of vibration of the seismic force 
resisting system in the direction of 
interest, 18.7.2.5. 
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T1 The fundamental period of the structure in
the direction under consideration. 

T1D Effective period, in seconds, of the 
fundamental mode of vibration of the 
structure at the design displacement in the 
direction under consideration, as 
prescribed by Section 18.4.2.5 or Section 
18.5.2.5. 

T1M Effective period, in seconds, of the 
fundamental mode of vibration of the 
structure at the maximum displacement in 
the direction under consideration, as 
prescribed by Section 18.4.2.5 or Section 
18.5.2.5. 

TR Period, in seconds, of the residual mode of
vibration of the structure in the direction 
under consideration, Section 18.5.2.7. 

Vm Design value of the seismic base shear of 
the mth mode of vibration of the structure 
in the direction of interest, Section 
18.4.2.2. 

Vmin Minimum allowable value of base shear 
permitted for design of the seismic-force-
resisting system of the structure in the 
direction of interest, Section 18.2.2.1. 

VR Design value of the seismic base shear of 
the residual mode of vibration of the 
structure in a given direction, as 
determined in Section 18.5.2.6. 

1W  Effective fundamental mode seismic 
weight determined in accordance with 
18.4-2b for m = 1. 
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37 

RW  Effective residual mode seismic weight 
determined in accordance with Eq. 18.5-
13. 
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α Velocity exponent relating damping 
device force to damping device velocity. 

βmD Total effective damping of the mth mode 
of vibration of the structure in the 
direction of interest at the design 
displacement, Section 18.6.2. 

βmM Total effective damping of the mth mode 
of vibration of the structure in the 

direction of interest at the maximum 
displacement, Section 18.6.2. 

49 

51 βHD Component of effective damping of the 
structure in the direction of interest due to 
post-yield hysteric behavior of the 
seismic-force-resisting system and 
elements of the damping system at 
effective ductility demand μD, Section 
18.6.2.2. 

54 

βHM Component of effective damping of the 
structure in the direction of interest due to 
post-yield hysteric behavior of the 
seismic-force-resisting system and 
elements of the damping system at 
effective ductility demand, μM, Section 
18.6.2.2. 

58 

60 

64 

66 
βI Component of effective damping of the 

structure due to the inherent dissipation of 
energy by elements of the structure, at or 
just below the effective yield 
displacement of the seismic-force-
resisting system, Section 18.6.2.1. 

68 

βR Total effective damping in the residual 
mode of vibration of the structure in the 
direction of interest, calculated in 
accordance with Section 18.6.2 (using μD 
=1.0 and μM = 1.0). 

71 

βVm Component of effective damping of the 
mth mode of vibration of the structure in 
the direction of interest due to viscous 
dissipation of energy by the damping 
system, at or just below the effective yield 
displacement of the seismic-force-
resisting system, Section 18.6.2.3. 

80 

δi Elastic deflection of Level i of the 
structure due to applied lateral force, fi, 
Section 18.5.2.3. 

84 

δi1D Fundamental mode design earthquake 
deflection of Level i at the center of 
rigidity of the structure in the direction 
under consideration, Section 18.5.3.1. 

δiD Total design earthquake deflection of 
Level i at the center of rigidity of the 
structure in the direction under 
consideration, Section 18.5.3. 

δiM Total maximum earthquake deflection of 
Level i at the center of rigidity of the 
structure in the direction under 
consideration, Section 18.5.3. 
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δiRD Residual mode design earthquake 
deflection of Level i at the center of 
rigidity of the structure in the direction 
under consideration, Section 18.5.3.1. 
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δim Deflection of Level i in the mth mode of 
vibration at the center of rigidity of the 
structure in the direction under 
consideration, Section 18.6.2.3. 

Δ1D Design earthquake story drift due to the 
fundamental mode of vibration of the 
structure in the direction of interest, 
Section 18.5.3.3. 

ΔD Total design earthquake story drift of the 
structure in the direction of interest, 
Section 18.5.3.3. 

ΔM Total maximum earthquake story drift of 
the structure in the direction of interest, 
Section 18.5.3. 

ΔmD Design earthquake story drift due to the 
mth mode of vibration of the structure in 
the direction of interest, Section 18.4.3.3. 

ΔRD Design earthquake story drift due to the 
residual mode of vibration of the structure 
in the direction of interest, Section 
18.5.3.3. 

μ Effective ductility demand on the seismic-
force-resisting system in the direction of 
interest. 

μD Effective ductility demand on the seismic-
force-resisting system in the direction of 
interest due to the design earthquake, 
Section 18.6.3. 

 

 

μM Effective ductility demand on the seismic-
force-resisting system in the direction of 
interest due to the maximum considered 
earthquake, Section 18.6.3. 

μmax Maximum allowable effective ductility 
demand on the seismic-force-resisting 
system due to design earthquake, Section 
18.6.4. 

φi1 Displacement amplitude at Level i of the 
fundamental mode of vibration of the 
structure in the direction of interest, 
normalized to unity at the roof level, 
Section 18.5.2.3. 

φiR Displacement amplitude at Level i of the 
residual mode of vibration of the structure 
in the direction of interest normalized to 
unity at the roof level, Section 18.5.2.7. 

Γ1 Participation factor of fundamental mode 
of vibration of the structure in the 
direction of interest, Section 18.4.2.3 or 
Section 18.5.2.3 (m = 1). 

Γm Participation factor on the mth mode of 
vibration of the structure in the direction 
of interest, Section 18.4.2.3. 

ΓR Participation factor of the residual mode 
of vibration of the structure in the 
direction of interest, Section 18.5.2.7. 

1D∇  Design earthquake story velocity due to 
the fundamental mode of vibration of the 
structure in the direction of interest, 
Section 18.5.3.4. 

62 
63 
64 
65 

D∇  Total design earthquake story velocity of 
the structure in the direction of interest, 
Section 18.4.3.4. 

66 
67 
68 

M∇  Total maximum earthquake story velocity 
of the structure in the direction of interest, 
Section 18.5.3. 

69 
70 
71 

mD∇  Design earthquake story velocity due to 
the mth mode of vibration of the structure 
in the direction of interest, Section 
18.4.3.4. 
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75 
18.2  General Design Requirements 

18.2.1  Seismic Design Category A.  Seismic Design 
Category A structures with a damping system shall be 
designed using the design spectral response acceleration 
determined in accordance with Section 11.4.4 and the 
analysis methods and design requirements for Seismic 
Design Category B structures. 82 
18.2.2  System Requirements.  Design of the structure 
shall consider the basic requirements for the seismic 
force-resisting system and the damping system as 
defined in the following sections.  The seismic force-
resisting system shall have the required strength to meet 
the forces defined in Section 18.2.2.1.  The combination 
of the seismic force-resisting system and the damping 
system is permitted to be used to meet the drift 
requirement. 

88 

18.2.2.1  Seismic Force-Resisting System.  Structures 
that contain a damping system are required to have a 
seismic force-resisting system that, in each lateral 
direction, conforms to one of the types indicated in 
Table 12.2-1. 
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The design of the seismic force-resisting system in each
direction shall satisfy the requirements of Section 18.7 
and the following: 

 1 
2 
3 

5 
6 
7 
8 

1. The seismic base shear used for design of the 4 
seismic force-resisting system shall not be less 
than Vmin, where Vmin is determined as the 
greater of the values computed using Eq. 18.2-
1 and 18.2-2 as follows: 

 min
V+1

VV
B

=  (Eq. 18.2-1) 58 9 

V10 
11 
12 
13 
14 
15 
16 
17 
18 

 19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

50 
51 
52 

56 
57 

59 

63 

65 

67 
68 
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71 
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  (Eq. 18.2-2) 60 0.75minV =

where: 

V  = seismic base shear in the 
direction of interest, determined 
in accordance with Section 12.8. 64 

BV+1  = numerical coefficient as set forth 
in Table 18.6-1 for effective 
damping equal to the sum of 
viscous damping in the 
fundamental mode of vibration of
the structure in the direction of 
interest, βVm (m = 1), plus 
inherent damping, βI, and period 
of structure equal to T1. 

66 

72 

Exception:  The seismic base shear used 
for design of the seismic force-resisting 
system shall not be taken as less than 
1.0V, if either of the following conditions 
apply: 

 

a. In the direction of interest, the 
damping system has less than two 
damping devices on each floor level, 
configured to resist torsion. 

82 

b. The seismic force-resisting system 
has horizontal irregularity Type 1b 
(Table 12.3-1) or vertical irregularity 
Type 1b (Table 12.3-2). 

86 

2. Minimum strength requirements for elements 38 
of the seismic force-resisting system that are 
also elements of the damping system or are 
otherwise required to resist forces from 
damping devices shall meet the additional 
requirements of Section 18.7.2. 

18.2.2.2  Damping System.  Elements of the damping 
system shall be designed to remain elastic for design 
loads including unreduced seismic forces of damping 
devices as required in Section 18.7.2.1, unless it is 
shown by analysis or test that inelastic response of 

elements would not adversely affect damping system 
function and inelastic response is limited in accordance 
with the requirements of Section 18.7.2.6. 

49 

18.2.3  Ground Motion 

18.2.3.1  Design Spectra.  Spectra for the design 
earthquake and the maximum considered earthquake 
developed in accordance with Section 17.3.1 shall be 
used for the design and analysis of all structures with a 
damping system.  Site-specific design spectra shall be 
developed and used for design of all structures with a 
damping system if either of the following conditions 
apply: 

53 
54 
55 

1. The structure is located on a Class F site or 61 
2. The structure is located at a site with S1 greater 62 

than or equal to 0.6. 

18.2.3.2  Ground Motion Histories.  Ground motion 
histories for the design earthquake and the maximum 
considered earthquake developed in accordance with 
Section 17.3.2 shall be used for design and analysis of 
all structures with a damping system if either of the 
following conditions apply: 

1. The structure is located at a site with S1 greater 70 
than or equal to 0.6. 

2. The damping system is explicitly modeled and 
analyzed using the response history analysis 
method. 

18.2.4  Procedure Selection.  All structures with a 
damping system shall be designed using linear 
procedures, nonlinear procedures, or a combination of 
linear and nonlinear procedures, as permitted in this 
section. 

Regardless of the analysis method used, the peak 
dynamic response of the structure and elements of the 
damping system shall be confirmed by using the 
nonlinear response history procedure if the structure is 
located at a site with S1 greater than or equal to 0.6. 

18.2.4.1  Nonlinear Procedures.  The nonlinear 
procedures of Section 18.3 are permitted to be used for 
design of all structures with damping systems. 

18.2.4.2  Response Spectrum Procedure.  The 
response spectrum procedure of Section 18.4 is 
permitted to be used for design of structures with 
damping systems provided that: 

1. In the direction of interest, the damping system 92 
has at least two damping devices in each story, 
configured to resist torsion; and 

2. The total effective damping of the fundamental 95 
mode, βmD (m = 1), of the structure in the 
direction of interest is not greater than 35 
percent of critical. 
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18.2.4.3  Equivalent Lateral Force Procedure.  The 
equivalent lateral force procedure of Section 18.5 is 
permitted to be used for design of structures with 
damping systems provided that: 
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1. In the direction of interest, the damping system5 
has at least two damping devices in each story,
configured to resist torsion; 

54 
55 

2. The total effective damping of the fundamental8 
mode, βmD (m = 1), of the structure in the 
direction of interest is not greater than 35 
percent of critical; 

57 
58 

3. The seismic force-resisting system does not 12 
have horizontal irregularity Type 1a or 1b 
(Table  12.3-1) or vertical irregularity Type 1a,
1b, 2, or 3 (Table  12.3-2); 

63 
64 

4. Floor diaphragms are rigid as defined in 16 
Section 12.3.1; and 

5. The height of the structure above the base does18 
not exceed 100 ft (30 m). 

68 

18.2.5  Damping System 

18.2.5.1  Device Design.  The design, construction, and 
installation of damping devices shall be based on 
maximum earthquake response and consideration of the
following conditions: 

72 

74 

1. Low-cycle, large-displacement degradation 25 
due to seismic loads; 

2. High-cycle, small-displacement degradation 27 
due to wind, thermal, or other cyclic loads; 

3. Forces or displacements due to gravity loads; 29 
4. Adhesion of device parts due to corrosion or 30 

abrasion, biodegradation, moisture, or 
chemical exposure; and  

5. Exposure to environmental conditions, 33 
including but not limited to temperature, 
humidity, moisture, radiation (e.g., ultraviolet 
light), and reactive or corrosive substances 
(e.g., salt water). 

87 
88 

Damping devices subject to failure by low-cycle fatigue
shall resist wind forces without slip, movement, or 
inelastic cycling. 

91 

The design of damping devices shall incorporate the 
range of thermal conditions, device wear, 
manufacturing tolerances, and other effects that cause 
device properties to vary during the design life of the 
device. 

18.2.5.2  Multi-axis Movement.  Connection points of 
damping devices shall provide sufficient articulation to
accommodate simultaneous longitudinal, lateral, and 
vertical displacements of the damping system. 

99 
100 

18.2.5.3  Inspection and Periodic Testing.  Means of 
access for inspection and removal of all damping 
devices shall be provided. 

The registered design professional responsible for 
design of the structure shall establish an appropriate 
inspection and testing schedule for each type of 
damping device to ensure that the devices respond in a 
dependable manner throughout the design life.  The 
degree of inspection and testing shall reflect the 
established in-service history of the damping devices, 
and the likelihood of change in properties over the 
design life of devices. 

18.2.5.4  Quality Control.  As part of the quality 
assurance plan developed in accordance with Section 
11A.1.2, the registered design professional responsible 
for the structural design shall establish a quality control 
plan for the manufacture of damping devices.  As a 
minimum, this plan shall include the testing 
requirements of Section 18.9.2. 

18.3  Nonlinear Procedures.  The stiffness and 
damping properties of the damping devices used in the 
models shall be based on or verified by testing of the 
damping devices as specified in Section 18.9.  The 
nonlinear force-deflection characteristics of damping 
devices shall be modeled, as required, to explicitly 
account for device dependence on frequency, 
amplitude, and duration of seismic loading. 

18.3.1  Nonlinear Response History Procedure.  A 
nonlinear response history (time history) analysis shall 
utilize a mathematical model of the structure and the 
damping system as provided in Chapter 16 and this 
section.  The model shall directly account for the 
nonlinear hysteretic behavior of elements of the 
structure and the damping devices to determine its 
response, through methods of numerical integration, to 
suites of ground motions compatible with the design 
response spectrum for the site.   

The analysis shall be performed in accordance with 
Chapter 16 together with the requirements of this 
section.  Inherent damping of the structure shall not be 
taken greater than five percent of critical unless test 
data consistent with levels of deformation at or just 
below the effective yield displacement of the seismic 
force-resisting system support higher values. 
 

If the calculated force in an element of the seismic 
force-resisting system does not exceed 1.5 times its 
nominal strength, that element is permitted to be 
modeled as linear. 

18.3.1.1  Damping Device Modeling.  Mathematical 
models of displacement-dependent damping devices 
shall include the hysteretic behavior of the devices 
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consistent with test data and accounting for all 
significant changes in strength, stiffness, and hysteretic 
loop shape.  Mathematical models of velocity-
dependent damping devices shall include the velocity 
coefficient consistent with test data.  If this coefficient 
changes with time and/or temperature, such behavior 
shall be modeled explicitly.  The elements of damping 
devices connecting damper units to the structure shall 
be included in the model. 

56 
1 
2 
3 
4 
5 
6 
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8 
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13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

 34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

88 
89 
90 
91 
92 
93 
94 

96 
97 
98 

100 
101 
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103 

Exception:  If the properties of the damping 
devices are expected to change during the 
duration of the time history analysis, the 
dynamic response is permitted to be enveloped 
by the upper and lower limits of device 
properties.  All these limit cases for variable 
device properties must satisfy the same 
conditions as if the time dependent behavior of 
the devices were explicitly modeled. 

18.3.1.2   Response Parameters. For each ground 
motion analyzed, individual response parameters 
consisting of the maximum value of the individual 
member forces, member inelastic deformations and 
story drifts at each story shall be determined.   
Moreover, for each ground motion used for response 
history analysis, individual response parameters 
consisting of the maximum value of the discrete 
damping device forces, displacements, and velocities, 
in the case of velocity-dependent devices, shall be 
determined.   
If at least seven ground motions are used for response 
history analysis, the design values of the damping 
device forces, displacements, and velocities are 
permitted to be taken as the average of the values 
determined by the analyses.  If fewer than seven ground
motions are used for response history analysis, the 
design damping device forces, displacements and 
velocities shall be taken as the maximum value 
determined by the analyses.  A minimum of three 
ground motions shall be used. 

87 

18.3.2  Nonlinear Static Procedure.  Nonlinear static 
procedures may be used to construct the lateral force-
displacement curve of the seismic force-resisting 
system in lieu of the elastoplastic curve assumed in the 
response spectrum procedure and in the equivalent 
lateral force procedure.  When nonlinear static 
procedures is used, the nonlinear modeling described 
in. Chapter 16 shall be used.  The resulting force-
displacement curve shall be used in lieu of the assumed 
effective yield displacement, DY, of Eq. 18.6-10 to 
calculate the effective ductility demand due to the 
design earthquake, μD, and due to the maximum 
considered earthquake, μM, in Equations 18.6-8 and 
18.6-9, respectively.  The value of (R/Cd) shall be taken 
as 1.0 in Eq. 18.4-4, 18.4-5, 18.4-8, and 18.4-9 for the 

response spectrum procedure, and in Eq. 18.5-6, 18.5-7 
and 18.5-15 for the equivalent lateral force procedure. 

95 

99 

18.4  Response Spectrum Procedure 

Where the response spectrum procedure is used to 
analyze structures with a damping system, the 
requirements of this section shall apply. 

18.4.1  Modeling.  A mathematical model of the 
seismic force-resisting system and damping system 
shall be constructed that represents the spatial 
distribution of mass, stiffness and damping throughout 
the structure.  The model and analysis shall comply 
with the requirements of Section 12.9 for the seismic 
force-resisting system and to the requirements of this 
section for the damping system.  The stiffness and 
damping properties of the damping devices used in the 
models shall be based on or verified by testing of the 
damping devices as specified in Section 18.9. 

The elastic stiffness of elements of the damping system 
other than damping devices shall be explicitly modeled.  
Stiffness of damping devices shall be modeled 
depending on damping device type as follows: 

1. Displacement-Dependent Damping Devices: 
Displacement-dependent damping devices 
shall be modeled with an effective stiffness 
that represents damping device force at the 
response displacement of interest (e.g., design 
story drift).   Alternatively, the stiffness of 
hysteretic and friction damping devices is 
permitted to be excluded from response 
spectrum analysis provided design forces in 
displacement-dependent damping devices, 
QDSD, are applied to the model as external loads 
(Section 18.7.2.5). 

2. Velocity-Dependent Damping Devices: 
Velocity-dependent damping devices that have 
a stiffness component (e.g., visco-elastic 
damping devices) shall be modeled with an 
effective stiffness corresponding to the 
amplitude and frequency of interest. 

18.4.2  Seismic Force-Resisting System 

18.4.2.1  Seismic Base Shear.  The seismic base shear, 
V, of the structure in a given direction shall be 
determined as the combination of modal components, 
Vm, subject to the limits of Eq. 18.4-1 as follows: 

minV V≥  (Eq. 18.4-1) 

The seismic base shear, V, of the structure shall be 
determined by the square root sum of the squares or 
complete quadratic combination of modal base shear 
components, Vm.  
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18.4.2.2  Modal Base Shear.  Modal base shear of the 
mth mode of vibration, Vm, of the structure in the 
direction of interest shall be determined in accordance 
with Eq. 18.4-2 as follows: 

1 
2 
3 
4 

m smV C W= m5  (Eq. 18.4-2a) 

∑

∑

=
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i
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w

w
W

1

2

2

1

φ

φ
 (Eq. 18.4-2b) 6 

7 
8 
9 

10 
11 
12 
13 

 

where: 

Csm = seismic response coefficient of the mth 
mode of vibration of the structure in the 
direction of interest as determined from 
Section 18.4.2.4 (m = 1) or Section 
18.4.2.6 (m > 1), and 

mW  = effective seismic weight of the mth mode 
of vibration of the structure  

14 
15 
16 
17 
18 
19 

18.4.2.3  Modal Participation Factor.  The modal 
participation factor of the mth mode of vibration, Γm, of 
the structure in the direction of interest shall be 
determined in accordance with Eq. 18.4-3 as follows: 

1

m
m n

i im
i

W

w
Γ

φ
=

=

∑
 (Eq. 18.4-3) 20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

where: 

φim = displacement amplitude at the ith level of 
the structure in the mth mode of vibration 
in the direction of interest, normalized to 
unity at the roof level. 

18.4.2.4  Fundamental Mode Seismic Response 
Coefficient.  The fundamental mode (m = 1) seismic 
response coefficient, CS1, in the direction of interest 
shall be determined in accordance with Eq. 18.4-4 and 
18.4-5 as follows: 

For T1D < TS,  

DS
s1

d 0 1D

SRC
C B

⎛ ⎞
= ⎜ ⎟ Ω⎝ ⎠

                  (Eq. 18.4-4) 32 

33 For T1D  ≥  TS,  

( )
D1

s1
d 1D 0 1D

SRC
C T B

⎛ ⎞
= ⎜ ⎟ Ω⎝ ⎠

        (Eq. 18.4-5) 34 

35 
36 
37 
38 
39 

41 
42 

18.4.2.5  Effective Fundamental Mode Period 
Determination.  The effective fundamental mode (m = 
1) period at the design earthquake, T1D, and at the 
maximum considered earthquake, T1M, shall be based 
either on explicit consideration of the post-yield 
nonlinear force deflection characteristics of the 
structure or determined in accordance with Eq. 18.4-6 
and 18.4-7 as follows: 

40 

1D 1 DT T μ=  (Eq. 18.4-6) 43 

1M 1 MT T μ=  (Eq. 18.4-7) 44 

45 
46 
47 
48 
49 
50 

18.4.2.6  Higher Mode Seismic Response Coefficient.  
Higher mode (m > 1) seismic response coefficient, CSm, 
of the mth mode of vibration (m > 1) of the structure in 
the direction of interest shall be determined in 
accordance with Eq. 18.4-8 and 18.4-9 as follows: 

For Tm < TS,  

 DS
Sm

d 0 mD

SRC
C BΩ

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
 (Eq. 18.4-8) 51 

52 For Tm ≥  TS,  

( )T
D1

Sm
d m 0 mD

SRC
C BΩ

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
       (Eq. 18.4-9) 53 

where: 54 

56 
57 
58 
59 
60 
61 
62 
63 
64 

Tm = period, in seconds, of the mth mode of 
vibration of the structure in the direction 
under consideration, and 

55 

BmD = numerical coefficient as set forth in Table 
18.6-1 for effective damping equal to βmD 
and period of the structure equal to Tm. 

18.4.2.7  Design Lateral Force.  Design lateral force at 
Level i due to mth mode of vibration, Fim, of the 
structure in the direction of interest shall be determined 
in accordance with Eq. 18.4-10 as follows: 

m
im i im m

m
F w

W
VΓφ=  (Eq. 18.4-10) 65 

66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

Design forces in elements of the seismic force-resisting 
system shall be determined by the square root of the 
sum of the squares or complete quadratic combination 
of modal design forces. 

18.4.3  Damping System.  Design forces in damping 
devices and other elements of the damping system shall 
be determined on the basis of the floor deflection, story 
drift and story velocity response parameters described 
in the following sections. 

Displacements and velocities used to determine 
maximum forces in damping devices at each story shall 
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account for the angle of orientation from horizontal and 
consider the effects of increased response due to torsion
required for design of the seismic force-resisting 
system. 

1 
 2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Floor deflections at Level i, δiD and δiM, design story 
drifts, ΔD and ΔM, and design story velocities, ∇D and 
∇M, shall be calculated for both the design earthquake 
and the maximum considered earthquake, respectively, 
in accordance with this section. 

18.4.3.1  Design Earthquake Floor Deflection.  The 
deflection of structure due to the design earthquake at 
Level i in the mth mode of vibration, δimD, of the 
structure in the direction of interest shall be determined 
in accordance with Eq. 18.4-11 as follows: 

imD mD imDδ φ=  (Eq. 18.4-11) 15 

16 
17 
18 
19 

26 

The total design earthquake deflection at each floor of 
the structure shall be calculated by the square root of 
the sum of the squares or complete quadratic 
combination of modal design earthquake deflections. 

18.4.3.2 Design Earthquake Roof Displacement.  20 
Fundamental (m = 1) and higher mode (m > 1) roof 21 
displacements due to the design earthquake, D1D and 22 
DmD, of the structure in the direction of interest shall be 23 
determined in accordance with Eq. 18.4-12 and 18.4-13 24 
as follows: 25 
For m=1, 
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28   (Eq. 18.4-12a) 
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  (Eq. 18.4-12b) 

 
For m > 1,  

2
1

2 24 4
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mD mD
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π π
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33 
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43 

46 
47 

  

  (Eq. 18.4-13) 

 

18.4.3.3  Design Earthquake Story Drift.  Design 
earthquake story drift in the fundamental mode, Δ1D, 
and higher modes, ΔmD (m > 1), of the structure in the 
direction of interest shall be calculated in accordance 
with Section 12.8.6 using modal roof displacements of 
Section 18.4.3.2. 

Total design earthquake story drift, ΔD , shall be 
determined by the square root of the sum of the squares 

or complete quadratic combination of modal design 
earthquake drifts. 

44 
45 

18.4.3.4  Design Earthquake Story Velocity.  Design 
earthquake story velocity in the fundamental mode, 

1D∇ , and higher modes, mD∇  (m > 1), of the structure 
in the direction of interest shall be calculated in 
accordance with Eq. 18.4-14 and 18.4-15 as follows: 

48 
49 
50 

For m = 1,  2 1D
1D

1DT
Δ∇ π=   (Eq. 18.4-14) 51 

For m > 1,  2
T

mD
mD

m

Δ∇ π=  (Eq. 18.4-15) 52 

Total design earthquake story velocity, D∇ , shall be 
determined by the square root of the sum of the squares 
or complete quadratic combination of modal design 
earthquake velocities. 

53 

55 
56 
57 
58 
59 
60 
61 

64 
65 
66 
67 
68 

54 

 

18.4.3.5  Maximum Earthquake Response.  Total 
modal maximum earthquake floor deflection at Level i, 
design story drift values and design story velocity 
values shall be based on Section 18.4.3.1, 18.4.3.3 and 
18.4.3.4, respectively, except design earthquake roof 
displacement shall be replaced by maximum earthquake 
roof displacement.  Maximum earthquake roof 
displacement of the structure in the direction of interest 
shall be calculated in accordance with Eq. 18.4-16 and 
18.4-17 as follows: 

62 
63 
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70  (Eq. 18.5-16a) 

SM
E

M

M

MM
M TT

B
TSg

B
TSgD ≥⎟

⎠

⎞
⎜
⎝

⎛≥⎟
⎠

⎞
⎜
⎝

⎛= 1
1

11
12

1

11
121 ,

44
Γ

π
Γ

π
           71 

72 
73 

 (Eq. 18.5-16b) 
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   (Eq. 18.4-17) 

where: 

BmM  = numerical coefficient as set forth in 
Table 18.6-1 for effective damping 
equal to βmM and period of the 
structure equal to Tm. 

78 
79 

18.5  Equivalent Lateral Force Procedure.  Where 
the equivalent lateral force procedure is used to design 

81 
82 
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structures with a damping system, the requirements of 
this section shall apply. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

18.5.1  Modeling.  Elements of the seismic force-
resisting system shall be modeled in a manner 
consistent with the requirements of Section  12.8.  For 
purposes of analysis, the structure shall be considered 
to be fixed at the base. 

Elements of the damping system shall be modeled as 
required to determine design forces transferred from 
damping devices to both the ground and the seismic 
force-resisting system.  The effective stiffness of 
velocity-dependent damping devices shall be modeled. 

Damping devices need not be explicitly modeled 
provided effective damping is calculated in accordance 
with the procedures of Section 18.6 and used to modify 
response as required in Section 18.5.2 and 18.5.3. 

The stiffness and damping properties of the damping 
devices used in the models shall be based on or verified 
by testing of the damping devices as specified in 
Section 18.9. 

18.5.2  Seismic Force-Resisting System 

18.5.2.1  Seismic Base Shear.  The seismic base 
shear, V, of the seismic force-resisting system in a 
given direction shall be determined as the 
combination of the two modal components, V1 and 
VR, in accordance with the following equation: 

2 2
1 R miV V V V= + ≥ n27 

28 
29 

 30 
31 
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34 
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36 
37 
38 
39 
40 
41 
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43 

 (Eq. 18.5-1) 

where: 

V1 = design value of the seismic base shear of 
the fundamental mode in a given direction
of response, as determined in Section 
18.5.2.2, 

VR = design value of the seismic base shear of 
the residual mode in a given direction, as 
determined in Section 18.5.2.6, and 

Vmin = minimum allowable value of base shear 
permitted for design of the seismic force-
resisting system of the structure in 
direction of the interest, as determined in 
Section 18.2.2.1. 

18.5.2.2  Fundamental Mode Base Shear.  The 
fundamental mode base shear, V1, shall be determined 
in accordance with the following equation: 

1 S1V C W= 144 
45 

46 
47 
48 

 (Eq. 18.5-2) 

where: 

CS1 = the fundamental mode seismic response 
coefficient, as determined in Section 
18.5.2.4, and 

1W  = the effective fundamental mode seismic 
weight including portions of the live load 
as defined by Eq. 18.4-2b for m = 1. 

49 
50 
51 
52 
53 
54 
55 

18.5.2.3  Fundamental Mode Properties.  The 
fundamental mode shape, φi1, and participation factor, 
Γ1, shall be determined by either dynamic analysis 
using the elastic structural properties and deformational 
characteristics of the resisting elements or using Eq. 
18.5-3 and 18.5-4 as follows: 
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where: 

hi = the height of the structure above the base 
to Level i, 

hr = the height of the structure above the base 
to the roof level, 

wi = the portion of the total effective seismic 
weight, W, located at or assigned to 
Level i. 67 

The fundamental period, T1, shall be determined either 
by dynamic analysis using the elastic structural 
properties and deformational characteristics of the 
resisting elements, or using Eq. 18.5-5 as follows: 

70 
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 (Eq. 18.5-5) 72 
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77 
78 
79 

81 
82 
83 
84 

where: 

fi = lateral force at Level i of the structure 
distributed in accordance with 
Section  12.8.3, and 

δi = elastic deflection at Level i of the 
structure due to applied lateral forces 
fi. 

18.5.2.4  Fundamental Mode Seismic Response 
Coefficient.  The fundamental mode seismic response 
coefficient, CS1, shall be determined using Eq. 18.5-6 or 
18.5-7 as follows: 

80 

For T1D < TS,  
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where: 

SDS = the design spectral response acceleration 
parameter in the short period range, 

SD1 = the design spectral response acceleration 
parameter at a period of 1 second, and

B1D = numerical coefficient as set forth in Table 
18.6-1 for effective damping equal to βmD 
(m = 1) and period of the structure equal 
to T1D. 

18.5.2.5  Effective Fundamental Mode Period 
Determination.  The effective fundamental mode 
period at the design earthquake, T1D, and at the 
maximum considered earthquake, T1M, shall be based 
on explicit consideration of the post-yield force 
deflection characteristics of the structure or shall be 
calculated using Eq. 18.5-8 and 18.5-9 as follows: 

1D 1 DT T μ=  (Eq. 18.5-8) 20 

1M 1 MT T μ=  (Eq. 18.5-9) 21 

22 
23 
24 

18.5.2.6  Residual Mode Base Shear.  Residual mode 
base shear, VR, shall be determined in accordance with 
Eq. 18.5-10 as follows: 

R SRV C W= R25 

26 
27 
28 
29 

 (Eq. 18.5-10) 

where: 

CSR = the residual mode seismic response 
coefficient as determined in Section 
18.5.2.8, and 

RW  = the effective residual mode effective 
weight of the structure determined 
using Eq. 18.5-13. 

30 
31 
32 
33 
34 

18.5.2.7  Residual Mode Properties.  Residual mode 
shape, φiR, participation factor, ΓR, effective residual 
mode seismic weight of the structure, RW , and effective 
period, TR, shall be determined using Eq. 18.5-11 
through 18.5-14 as follows: 

35 
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 (Eq. 18.5-11) 38 

11RΓ Γ= −  39 (Eq. 18.5-12) 

R 1WW W= −40  (Eq. 18.5-13) 

0.4R 1T T=  (Eq. 1

18.5.2.8  Residual Mode Seismic Response 
Coefficient.  The residua

8.5-14) 41 

42 
l mode seismic response 43 

coefficient, CSR, shall be determined in accordance with 44 
the following equatio45 n: 
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50 
51 
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em 53 
54 

re in the 55 
direction of interest shall be determined in accordance 56 
with Eq. 18.5-16 a57 

re: 

Numerical coefficient as set fo
Table 18.6-1 for effecti

47 
48 
49 

equal to βR, and period of the 
structure equal to TR.  

18.5.2.9  Design Lateral Force.  The design lateral 
force in elements of the seismic force-resisting syst
at Level i due to fundamental mode response, Fi1, and 
residual mode response, FiR, of the structu

nd 18.5-17 as follows: 

1
i1 i i1 1
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Γφ=58  (Eq. 18.5-16) 
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l and 71 
the effects of increased response due to torsion 72 

m73 

75 
drift

the sum of the squares of the forces due to fundamenta
and residual modes. 

18.5.3  Damping System.  Design forces in damping 
devices and other elements of the damping system shall 
be determined on the basis o

62 

drift, and story velocity response parameters desc
in the following sections. 

Displacements and velocities used to determine 
maximum forces in damping devices at each story shall 
account for the angle of orientation from horizonta
consider 
required for design of the seis ic force-resisting 
system. 

Floor deflections at Level i, δiD and δiM, design story 
s, ΔD and ΔM, and design story velocities, 

74 

D∇  and 76 

M∇ , shall be calculated for both the design earthquake 77 

79 
and the maximum78  considered earthquake, respectively, 
in accordance with the following sections. 



 
 
 
Proposal 25RA (2009) continued 

Proposal 2-5RA PUC Ballot Copy (July, 2008)    Page 12 of 21
  

 

18.5.3.1  Design Earthquake Floor Deflection.  The 
total design earthquake deflection at each floor of t
structure in the direction of interest shall be calculated 
as the square root of the sum of the squares of the 
fundamental and residual mode floor deflections.  The 
fundamental and residual mode deflections due to the 
design earthquake, δi1D and δiRD, at the center of rigidit
of Level i

1 
he 2 

3 
4 
5 
6 

y 7 
 of the structure in the direction of interest 8 

shall be determ9 
follows: 10 

ined using Eq. 18.5-18 and 18.5-19 as 

i1D 1D i1Dδ φ=  (Eq. 18.5-18) 11 

iRD RD iRDδ φ=  (Eq. 18.5-19) 12 
whe13 

D1D  = 14 
15 

 level of the structure in the 16 
 17 

18 
DRD  = 19 

20 
n 21 

. 22 
23 
24 
25 

vel of the structure in the direction 26 
of interest shall be determined using Eq. 18.5-20 and 27 
18.5-21 as follows: 28 

re: 

Fundamental mode design 
displacement at the center of rigidity 
of the roof
direction under consideration, Section
18.5.3.2. 

Residual mode design displacement 
at the center of rigidity of the roof 
level of the structure in the directio
under consideration, Section 18.5.3.2

18.5.3.2  Design Earthquake Roof Displacement.  
Fundamental and residual mode displacements due to 
the design earthquake, D1D and D1R, at the center of 
rigidity of the roof le

SD
E

DS

D

DDS
D TT

BB
D <⎟

⎠
⎜
⎝

≥⎟
⎠

⎜
⎝

= 1
1

1
12

1

1
121 ,

44
Γ

π
Γ

π
  TSgTSg ⎞⎛⎞⎛ 22

29 

 (Eq. 18.5-20a) 30 
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1
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DDD TT
TSgTSg

≥⎟
⎞

⎜
⎛≥⎟

⎞
⎜
⎛= 1111 ,ΓΓ     31 

32 
 (Eq. 18.5-20b) 33 
 34 
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Γ Γ
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35 

(Eq. 18.5-21) 36 
 37 

n 38 
earthquake story drifts, ΔD, in the direction of interest 39 
shall be calculated u40 

  

              

18.5.3.3  Design Earthquake Story Drift.  Desig

       (Eq. 18.5-21)

sing Eq. 18.5-22 as follows: 

2 2
D 1D RDΔ Δ+  (Eq. 18.5-22) 41 

where: 42 

43 
44 
45 

48 
49 
50 

53 

Δ =

Δ1D = design earthquake story drift due to the 
fundamental mode of vibration of the 
structure in the direction of interest, and 

ΔRD = design earthquake story drift due to the 
residual mode of vibration of the structure 
in the direction of interest. 

46 
47 

Modal design earthquake story drifts, Δ1D and ΔRD, shall 
be determined as the difference of the deflections at the 
top and bottom of the story under consideration using 
the floor deflections of Section 18.5.3.1. 

51 
52 

18.5.3.4  Design Earthquake Story Velocity.  Design 
earthquake story velocities, D∇ , in the direction of 
interest shall be calculated in accordance with Eq. 18.5-
23 through 18.5-25 as follows: 

54 
55 
56 

2 2
D 1D RD∇ ∇ ∇= +  (Eq. 18.5-23) 57 

2 1D
1D

1DT
Δ∇ π=  (Eq. 18.5-24) 58 

2 RD
RD

RT
Δ∇ π=  (Eq. 18.5-25) 59 

where: 60 

1D∇  = design earthquake story velocity due to 
the fundamental mode of vibration of the 
structure in the direction of interest, and  

61 
62 
63 

RD∇  = design earthquake story velocity due to 
the residual mode of vibration of the 
structure in the direction of interest. 

64 
65 

68 
69 

71 
72 
73 
74 
75 
76 
77 

66 
18.5.3.5 Maximum Earthquake Response. 67 
Total and modal maximum earthquake floor 
deflections at Level i, design story drifts, and 
design story velocities shall be based on the 
equations in Section 18.5.3.1, 18.5.3.3 and 
18.5.3.4, respectively, except that design 
earthquake roof displacements shall be replaced by 
maximum earthquake roof displacements.  
Maximum earthquake roof displacements shall be 
calculated in accordance with Eq. 18.5-26 and 
18.5-27 as follows: 

70 
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MMS
M TT
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TSg

B
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79         (Eq. 18.5-26a) 
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  (Eq. 18.5-26b)    
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2 24 4
MS RM1 R

RM R R
R R

S TS Tg gD
B B

Γ Γ
π π

⎛ ⎞ ⎛ ⎞= ≤⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

1 

 2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

 

Damping Coefficien , B , B , or B  

Effective Damping, β (percentage   

B1M = Numerical coefficient as set forth in Table 
18.6-1 for effective damping equal to βmM 
(m = 1) and period of structure equal to 
T1M. 

 (Eq. 18.5-27)                          (Eq. 18.5-27) 18.6  Damped Response Modification.  As required in 
Section 18.4 and 18.5, response of the structure shall be 
modified for the effects of the damping system. 

where: 

SM1 = the maximum considered earthquake, 5-
percent-damped, spectral response 
acceleration at a period of 1 second, 
determined in accordance with Section 
11.4.3. 

18.6.1  Damping Coefficient.  Where the period of the 
structure is greater than or equal to T0, the damping 
coefficient shall be as prescribed in Table 18.6-1.  
Where the period of the structure is less than T0, the 
damping coefficient shall be linearly interpolated 
between a value of 1.0 at a 0-second period for all 
values of effective damping and the value at period T0 
as indicated in Table 18.6-1. 

SMS = the maximum considered earthquake, 5-
percent-damped, spectral response 
acceleration at short periods, determined 
in accordance with Section 11.4.3. 

Table 18.6- 1 
t, BV+I, B1D, BR 1M mD mM

BV+I, B , B , B1M, B D or B

of critical) 
1D R m mM

(where period of the 
structure ≥T0)  

≤ 2 
 

0.8 
5 1.0 

10 1.2 
20 1.5 
30 1.8 
40 2.1 
50 2.4 
60 2.7 
70 3.0 
80 3.3 
90 3.6 

≥  100 4.0 

 

ve Damping.  The effective damping 
 

18.6.2  Effecti
at the design displacement, βmD, and at the maximum
displacement, βmM, of the mth mode of vibration of the 
structure in the direction under consideration shall be 
calculated using Eq. 18.6-1 and 18.6-2 as follows: 

Proposal 2-5RA PUC Ballot Copy (July, 2008)    Page 13 of 21
  

 

mD I Vm D HDβ β β μ β= + +     (Eq. 18.6-1) 

mM I Vm M HMβ β β μ β= + +   (Eq. 18.6-2) 

where: 

 = component of effective damping of the 

elements of the damping system at 

 = of the 

β  = of the 

βHD
structure in the direction of interest due 
to post-yield hysteretic behavior of the 
seismic force-resisting system and 

effective ductility demand, μD; 

component of effective damping βHM
structure in the direction of interest due 
to post-yield hysteretic behavior of the 
seismic force-resisting system and 
elements of the damping system at 
effective ductility demand, μM; 

component of effective damping I
structure due to the inherent dissipation 
of energy by elements of the structure, 
at or just below the effective yield 
displacement of the seismic-force-
resisting system; 
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βVm = component of effective damping of the 
mth mode of vibration of the structure in 
the direction of interest due to viscous 
dissipation of energy by the damping 
system, at or just below the effective 
yield displacement of the seismic force-
resisting system; 

μD = effective ductility demand on the 
seismic force-resisting system in the 
direction of interest due to the design 
earthquake; and 

μM = effective ductility demand on the 
seismic force-resisting system in the 
direction of interest due to the 
maximum considered earthquake. 

Unless analysis or test data supports other values, the 
effective ductility demand of higher modes of 
vibration in the direction of interest shall be taken as 
1.0. 

18.6.2.1  Inherent Damping.  Inherent damping, βI, 
shall be based on the material type, configuration, 
and behavior of the structure and nonstructural 
components responding dynamically at or just below 
yield of the seismic force-resisting system.  Unless 
analysis or test data supports other values, inherent 
damping shall be taken as not greater than five 
percent of critical for all modes of vibration. 

18.6.2.2  Hysteretic Damping.  Hysteretic damping 
of the seismic force-resisting system and elements of 
the damping system shall be based either on test or 
analysis, or shall be calculated using Eq. 18.6-3 and 
18.6-4 as follows: 

( ) 10.64 1HD H I
D

qβ β
μ

⎛ ⎞
= − −⎜

⎝ ⎠
⎟   (Eq. 18.6-3) 

( ) 10.64 1HM H I
M

qβ β
μ

⎛ ⎞
= − −⎜

⎝ ⎠
⎟

maximum considered earthquake, as 
defined in Section 18.6.3. 

Unless analy e 
hysteretic dam ibration in 

smic 

 (Eq. 18.6-4) 

where: 

qH = hysteresis loop adjustment factor, as 
defined in Section 18.6.2.2.1, 

μD = effective ductility demand on the 
seismic force-resisting system in the 
direction of interest due to the design 
earthquake, as defined in Section 
18.6.3, and 

μM = effective ductility demand on the 
seismic force-resisting system in the 
direction of interest due to the 

sis or test data supports other values, th
ping of higher modes of v

the direction of interest shall be taken as zero.  

18.6.2.2.1  Hysteresis Loop Adjustment Factor.  
The calculation of hysteretic damping of the sei
force-resisting system and elements of the damping 
system shall consider pinching and other effects that 
reduce the area of the hysteresis loop during repeated 
cycles of earthquake demand.  Unless analysis or test 
data support other values, the fraction of full 
hysteretic loop area of the seismic force-resisting 
system used for design shall be taken as equal to the 
factor, qH, using Eq. 18.6-5 as follows: 

0.67 S
H

Tq
T

=  (Eq. 18.6-5) 
1

where: 

T = period defined by the ratio, SD1/SDS 

= period of the fundamental mode of 

The value of an 1.0, 
and need not  

Vm, shall be 

S 

T1 
vibration of the structure in the 
direction of the interest 

qH shall not be taken as greater th
 be taken as less than 0.5.

18.6.2.3  Viscous Damping.  Viscous damping of the 
mth mode of vibration of the structure, β
calculated using Eq. 18.6-6 and 18.6-7 as follows:  

4

mj
j

Vm

W
β

∑
=  (Eq. 18.6-6

mWπ
) 

1
2m im

i
W F imδ= ∑  (Eq. 18.6-7) 

where: 

W  = work done by jth damping device in one 
complete cycle of dynamic response 

Wm = mth mode 
ucture in the 

Fim = l i, 

 

e of 
vibration at the center of rigidity of the 
structure in the direction under 
consideration. 

mj

corresponding to the mth mode of 
vibration of the structure in the 
direction of interest at modal 
displacements, δim,  

maximum strain energy in the 
of vibration of the str
direction of interest at modal 
displacements, δim,  

mth mode inertial force at Leve

δim = deflection of Level i in the mth mod
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Visc
damping dev
amplitude eq ment of 
the structure. 

 

 interest.  The work done by individual 

 pins, 

arthquake, μM, shall be 

ous modal damping of displacement-dependent 
ices shall be based on a response 
ual to the effective yield displace

The calculation of the work done by individual 
damping devices shall consider orientation and
participation of each device with respect to the mode 
of vibration of
damping devices shall be reduced as required to 
account for the flexibility of elements, including
bolts, gusset plates, brace extensions, and other 
components that connect damping devices to other 
elements of the structure.  

18.6.3  Effective Ductility Demand.  The effective 
ductility demand on the seismic force-resisting 
system due to the design earthquake, μD, and due to 
the maximum considered e
calculated using Eq. 18.6-8, 18.6-9, and 18.6-10 as 
follows: 

1.01D
D

Y

D
D

μ = ≥  (Eq. 18.6-8) 

1.01M
M

Y

D
D

μ = ≥  (Eq. 18.6-9) 

2
24

0 d
Y 1 S1 1

CgD C TΩ Γ
π

⎛ ⎞⎛ ⎞= ⎜ ⎟⎜ ⎟
⎝ ⎠⎝

  (Eq. 18.6-10) 

where: 

D1D  = fundamental mode sig
displacement at th ent
of the roof level of the structure in the 
direction under consideration, Section 

D1M  = 

eration, Section 

DY  = 
he 

, 

Cd  =  

ode of vibration of the 
 interest, 

CS1  = 
tal mode of vibration of the 

 

T1  = 
e structure in the 

The design eart not 
exceed the max ve ductility 

.  
resis loop 

 

R ⎠

 de n 
e c er of rigidity 

18.4.3.2 or 18.5.3.2, 

fundamental mode maximum 
displacement at the center of rigidity 
of the roof level of structure in the 
direction under consid
18.4.3.5 or 18.5.3.5, 

displacement at the center of rigidity 
of the roof level of the structure at t
effective yield point of the seismic 
force-resisting system

R  = response modification coefficient 
from Table  12.2-1, 

deflection amplification factor from
Table  12.2-1, 

Ωo  = system overstrength factor from 
Table  12.2-1, 

Γ1  = participation factor of the 
fundamental m
structure in the direction of
Section 18.4.2.3 or Section 18.5.2.3 
(m = 1),  

seismic response coefficient of the 
fundamen
structure in the direction of interest,
Section 18.4.2.4 or Section 18.5.2.4 
(m = 1), and 

period of the fundamental mode of 
vibration of th
direction of interest. 

hquake ductility demand, μD, shall 
imum value of effecti

demand, μmax, given in Section 18.6.4. 

18.6.4 Maximum Effective Ductility Demand
For determination of the hyste
adjustment factor, hysteretic damping, and 
other parameters, the maximum value of 
effective ductility demand, μmax, shall be 
calculated using Eq. 18.6-11 and 18.6-12 as
follows: 

For TID 

 

≤  TS,  

 
2

1
mμ

⎛ ⎞
⎜ 1

2ax
0

R
IΩ

⎛ ⎞ ⎟= +⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠
       (Eq. 18.6-11) 

or T1 TS,  

 

F  ≥

max
0

R
I

μ
Ω

=    (Eq. 18.6-12) 

For T1  < TS < T1D μmax shall be d
linear interpolation between 

e 

where: 

I = the occupan  factor 
determined in accordance with 

T1D = effe
mod he structure at the 

18.7 Seismic
Criteria 

rce-resisting system, damping system, 

, etermined by 

th values of Eq. 18.6-11 
and 18.6-12 

cy importance

Section  11.5.1. 

ctive period of the fundamental 
e of vibration of t

design displacement in the direction 
under consideration. 

 Load Conditions and Acceptance 

For the nonlinear procedures of Section 18.3, the 
seismic fo
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loading conditions and acceptance criteria for 
response parameters of interest shall conform wit
Section 18.7.1.  Design forces and displacemen
determined in accordance with the response spectru
procedure of Section 18.4 or the equivalent lateral
force procedure of Section 18.5 shall be checked 
using the strength design criteria of this standard  an
the seismic loading conditions of Section 18.7.1 a
18.7.2.   

18.7.1 Nonlinear Procedures.  Where nonlinear 
procedure

h 
ts 

m 
 

d 
nd 

s are used in analysis, the seismic force-

 

sisting System. The 
ismic force-resisting system shall satisfy the 

e 

 

ems.   The damping devices 
nd their connections shall be sized to resist the 

cts. The effects 
n the damping system due to gravity loads and 

c 

fect 
to 

Response 
arameters Of Interest.   The damping system 

 
dure 

esponse Spectrum and Equivalent Lateral 
orce Procedures.  Where response spectrum and 

g 
nce 

8.7.2.1  Seismic Force-Resisting System.  The 

ase 

s determined 
 

cts 

 system 

s 

e effects 

dancy 

Modal Damping System Design Forces.  

ts 
 

 and velocities shall 

e is 

isplacement-Dependent Damping Devices:  

sed 

esign 

ing Devices:  

g 

 

ine 
all 

resisting system, damping system, seismic loading 
conditions and acceptance criteria shall conform to
the following subsections. 
 
18.7.1.1 Seismic Force-Re
se
strength requirements of Section  12.2.1 using th
seismic base shear, Vmin , as given by Section 
18.2.2.1.   The story drift shall be determined using
the design earthquake. 
 
18.7.1.2  Damping Syst
a
forces, displacements and velocities from the 
maximum considered earthquake.   
 
18.7.1.3 Combination of Load Effe
o
seismic forces shall be combined in accordance with 
Section 12.4 using the effect of horizontal seismi
forces, QE, determined in accordance with the 
analysis.  The redundancy factor, ρ, shall be taken 
equal to 1.0 in all cases and the seismic load ef
with overstrength of Section 12.4.3 need not apply 
the design of the damping system. 
 
18.7.1.4 Acceptance Criteria For The 
P
components shall be evaluated using the strength 
design criteria of this standard using the seismic 
forces and seismic loading conditions determined 
from the nonlinear procedures and φ = 1.0.  The 
members of the seismic force-resisting system need
not be evaluated where using the nonlinear proce
forces. 
 
18.7.2 R
F
equivalent lateral force procedures are used in 
analysis, the seismic force-resisting system, dampin
system, seismic loading conditions and accepta
criteria shall conform to the following subsections.  
 

1
seismic force-resisting system shall satisfy the 
requirements of Section  12.2-1 using seismic b
shear and design forces determined in accordance 
with Section 18.4.2 or Section 18.5.2. 

The design earthquake story drift, ΔD, a
in either Section 18.4.3.3 or Section 18.5.3.3 shall not
exceed (R/Cd) times the allowable story drift, as 
obtained from Table 12.12-1, considering the effe
of torsion as required in Section  12.12.1. 

18.7.2.2  Damping System.  The damping
shall satisfy the requirements of Section 12.2.1 for 
seismic design forces and seismic loading condition
determined in accordance with this section. 

18.7.2.3 Combination of Load Effects.  Th
on the damping system and its components due to 
gravity loads and seismic forces shall be combined in 
accordance with Section  12.4 using the effect of 
horizontal seismic forces, QE, determined in 
accordance with Section 18.7.2.5.  The redun
factor, ρ, shall be taken equal to 1.0 in all cases and 
the seismic load effect with overstrength of Section 
12.4.3 need not apply to the design of the damping 
system. 

18.7.2.4 
Modal damping system design forces shall be 
calculated on the basis of the type of damping 
devices and the modal design story displacemen
and velocities determined in accordance with either
Section 18.4.3 or Section 18.5.3. 

Modal design story displacements
be increased as required to envelop the total design 
story displacements and velocities determined in 
accordance with Section 18.3 where peak respons
required to be confirmed by response history 
analysis. 

1. D
Design seismic force in displacement-
dependent damping devices shall be ba
on the maximum force in the device at 
displacements up to and including the d
earthquake story drift, ΔD. 

2. Velocity-Dependent Damp
Design seismic force in each mode of 
vibration in velocity-dependent dampin
devices shall be based on the maximum 
force in the device at velocities up to and
including the design earthquake story 
velocity for the mode of interest. 

Displacements and velocities used to determ
design forces in damping devices at each story sh
account for the angle of orientation of the damping 



 
 
 
Proposal 25RA (2009) continued 

Proposal 2-5RA PUC Ballot Copy (July, 2008)    Page 17 of 21
  

 

mic design 

ge of Maximum Displacement:  Seismic 

s: 

device from horizontal and consider the effects of 
increased floor response due to torsional motions. 

18.7.2.5 Seismic Load Conditions and 
Combination of Modal Responses.  Seis
force, QE, in each element of the damping system due 
to horizontal earthquake load shall be taken as the 
maximum force of the following three loading 
conditions: 

1. Sta
design force at the stage of maximum 
displacement shall be calculated in 
accordance with Eq. 18.7-1 as follow

( )2
E o mSFRS DSD

m
Q QΩ= ±∑ Q   (Eq. 18.7-1) 

where: 
QmSFRS = Force in an element of the 

e 
 

stem 

QDSD = 
 

f 

Seismic force e damping 

ng 

t 

2. eismic 

ce 

 

damping system equal to th
design seismic force of the mth

mode of vibration of the 
seismic force-resisting sy
in the direction of interest.  

Force in an element of the 
damping system required to
resist design seismic forces o
displacement-dependent 
damping devices. 

s in elements of th
system, QDSD, shall be calculated by 
imposing design forces of displacement-
dependent damping devices on the dampi
system as pseudo-static forces.  Design 
seismic forces of displacement-dependen
damping devices shall be applied in both 
positive and negative directions at peak 
displacement of the structure. 

Stage of Maximum Velocity:  S
design force at the stage of maximum 
velocity shall be calculated in accordan
with Eq. 18.7-2 as follows: 

( )2
E mDSV

m
Q Q= ∑  (Eq. 18.7-2) 

where: 

 = Force in an element of the 
 

f 

f 

Modal seismic de s of the 

mping 

ode 

d 

s 

vel 

mic 

ws: 

damping system required to
resist design seismic forces o
velocity-dependent damping 
devices due to the mth mode o

vibration of structure in the 
direction of interest. 

sign forces in element
damping system, QmDSV, shall be calculated by 
imposing modal design forces of velocity-
dependent devices on the non-deformed da
system as pseudo-static forces.  Modal seismic 
design forces shall be applied in directions 
consistent with the deformed shape of the m
of interest.  Horizontal restraint forces shall be 
applied at each floor Level i of the non-deforme
damping system concurrent with the design 
forces in velocity-dependent damping device
such that the horizontal displacement at each 
level of the structure is zero.  At each floor Le
i, restraint forces shall be proportional to and 
applied at the location of each mass point. 

3. Stage of Maximum Acceleration:  Seis
design force at the stage of maximum 
acceleration shall be calculated in 
accordance with Eq. 18.7-3 as follo

( )2
E m F D o m SF R S m F V m D SV D SD

m
Q C Q C Q QΩ= +∑

 (Eq. 18.7-3

±

 ) 

ing 

al-mode response (m = 1) in the 

, 

e less  

 

e (m > 1) or residual-mode 

ed on a 

(βmD or 

The force coefficients, CmFD and CmFV, shall be 
determined from Tables 18.7-1 and 18.7-2, 
respectively, using values of effective damp
determined in accordance with the following 
requirements: 

For fundament
direction of interest, the coefficients, C1FD and 
C1FV, shall be based on the velocity exponent, α
that relates device force to damping device 
velocity.  The effective fundamental-mode 
damping, shall be taken equal to the total 
effective damping of the fundamental mod

the hysteretic component of damping (β1D - βHD 
or β1M - βHM) at the response level of interest (μ =
μD or μ = μM). 

For higher-mod
response in the direction of interest, the 
coefficients, CmFD and CmFV, shall be bas
value of α equal to 1.0.  The effective modal 
damping shall be taken equal to the total 
effective damping of the mode of interest 
βmM).  For determination of the coefficient CmFD, 
the ductility demand shall be taken equal to that 
of the fundamental mode (μ = μD or μ = μM). 

QmDSV
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Table 18.7- 1 Force Coefficient, CmFD a, b  

μ ≤  1.0  
Effective 
Damping 

 
α  0.25 ≤ ≥

 
α = 0.5 

 
α = 0.75 

 
α  1.0 

 
CmFD = 1.0c 

 
≤ 0.05 

 
1.00 

 
1.00 

 
1.00 

 
1.00 

 
μ ≥ 1.0 

 
0.1 

 
1.00 

 
1.00 

 
1.00 

 
1.00 

 
μ ≥ 1.0 

 
0.2 

 
1.00 

 
0.95 

 
0.94 

 
0.93 

 
μ ≥ 1.1 

 
0.3 

 
1.00 

 
0.92 

 
0.88 

 
0.86 

 
μ ≥ 1.2 

 
0.4 

 
1.00 

 
0.88 

 
0.81 

 
0.78 

 
μ ≥ 1.3 

 
0.5 

 
1.00 

 
0.84 

 
0.73 

 
0.71 

 
μ ≥ 1.4 

 
0.6 

 
1.00 

 
0.79 

 
0.64 

 
0.64 

 
μ ≥ 1.6 

 
0.7 

 
1.00 

 
0.75 

 
0.55 

 
0.58 

 
μ ≥ 1.7 

 
0.8 

 
1.00 

 
0.70 

 
0.50 

 
0.53 

 
μ ≥ 1.9 

 
0.9 

 
1.00 

 
0.66 

 
0.50 

 
0.50 

 
μ ≥ 2.1 

 
≥ 1.0 

 
1.00 

 
0.62 

 
0.50 

 
0.50 

 
μ ≥ 2.2 

 
Notes: 
a Unless analysis or test data support other values, the force coefficient CmFD for visco-elastic systems 

shall be taken as 1.0. 
b Interpolation shall be used for intermediate values of velocity exponent, α, and ductility demand, μ. 
c CmFD shall be taken equal to 1.0 for values of ductility demand, μ, greater than or equal to the values 

shown. 
 

Table 18.7- 2  Force Coefficient, CmFV a, b 
 
Effective Damping 

 
α  0.25 ≤

 
α = 0.5 

 
α = 0.75 

 
α ≥  1.0 

 
≤ 0.05 

 
1.00 

 
0.35 

 
0.20 

 
0.10 

 
0.1 

 
1.00 

 
0.44 

 
0.31 

 
0.20 

 
0.2 

 
1.00 

 
0.56 

 
0.46 

 
0.37 

 
0.3 

 
1.00 

 
0.64 

 
0.58 

 
0.51 

 
0.4 

 
1.00 

 
0.70 

 
0.69 

 
0.62 

 
0.5 

 
1.00 

 
0.75 

 
0.77 

 
0.71 

 
0.6 

 
1.00 

 
0.80 

 
0.84 

 
0.77 

 
0.7 

 
1.00 

 
0.83 

 
0.90 

 
0.81 

 
0.8 

 
1.00 

 
0.90 

 
0.94 

 
0.90 

 
0.9 

 
1.00 

 
1.00 

 
1.00 

 
1.00 

 
≥ 1.0 

 
1.00 

 
1.00 

 
1.00 

 
1.00 

 
Notes: 
a Unless analysis or test data support other values, the force coefficient CmFD for visco-elastic systems 
shall be taken as 1.0. 
b Interpolation shall be used for intermediate values of velocity exponent, α. 
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18.7.2.6 Inelastic Response Limits.  Elements of the 
damping system are permitted to exceed strength 
limits for design loads provided it is shown by 
analysis or test that: 

1. Inelastic response does not adversely affect 
damping system function. 

2. Element forces calculated in accordance with 
Section 18.7.2.5, using a value of Ω0, taken equal 
to 1.0, do not exceed the strength required to 
satisfy the load combinations of Section 12.4. 

18.8  Design Review.  A design review of the 
damping system and related test programs shall be 
performed by an independent team of registered 
design professionals in the appropriate disciplines 
and others experienced in seismic analysis methods 
and the theory and application of energy dissipation 
systems. 

The design review shall include, but need not be 
limited to, the following: 

1. Review of site-specific seismic criteria including 
the development of the site-specific spectra and 
ground motion histories and all other project 
specific design criteria; 

2. Review of the preliminary design of the seismic 
force-resisting system and the damping system, 
including design parameters of damping devices; 

3. Review of the final design of the seismic force-
resisting system and the damping system and all 
supporting analyses; and  

4. Review of damping device test requirements, 
device manufacturing quality control and 
assurance, and scheduled maintenance and 
inspection requirements. 

18.9  Testing.  The force-velocity-displacement and 
damping properties used for the design of the 
damping system shall be based on the prototype tests 
as specified in this section. 

The fabrication and quality control procedures used 
for all prototype and production damping devices 
shall be identical. 

18.9.1  Prototype Tests.  The following tests shall be 
performed separately on two full-size damping 
devices of each type and size used in the design, in 
the order listed below. 

Representative sizes of each type of device is 
permitted to be used for prototype testing, provided 
both of the following conditions are met: 

1. Fabrication and quality control procedures 
are identical for each type and size of 
devices used in the structure. 

2. Prototype testing of representative sizes is 
accepted by the registered design 
professional responsible for design of the 
structure.  

Test specimens shall not be used for construction, 
unless they are accepted by the registered design 
professional responsible for design of the structure 
and meet the requirements for prototype and 
production tests. 

18.9.1.1  Data Recording.  The force-deflection 
relationship for each cycle of each test shall be 
recorded. 

18.9.1.2  Sequence and Cycles of Testing.  For the 
following test sequences, each damping device shall 
be subjected to gravity load effects and thermal 
environments representative of the installed 
condition. For seismic testing, the displacement in the 
devices calculated for the maximum considered 
earthquake, termed herein as the maximum 
earthquake device displacement, shall be used. 

1. Each damping device shall be subjected to 
the number of cycles expected in the design 
windstorm, but not less than 2000 
continuous fully reversed cycles of wind 
load.  Wind load shall be at amplitudes 
expected in the design wind storm, and 
applied at a frequency equal to the inverse of 
the fundamental period of the building (f1 = 
1/T1). 

Exception:  Damping devices need 
not be subjected to these tests if 
they are not subject to wind-
induced forces or displacements, or 
if the design wind force is less than 
the device yield or slip force. 

2. Each damping device shall be loaded with 5 
fully reversed, sinusoidal cycles at the 
maximum earthquake device displacement 
at a frequency equal to 1/T1M as calculated in 
Section 18.4.2.5.  Where the damping device 
characteristics vary with operating 
temperature, these tests shall be conducted 
at a minimum of three temperatures 
(minimum, ambient, and maximum) that 
bracket the range of operating temperatures. 

Exception:  Damping devices are 
permitted to be tested by alternative 
methods provided all of the 
following conditions are met: 

a. Alternative methods of testing are 
equivalent to the cyclic testing 
requirements of this section. 
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b. Alternative methods capture the 
dependence of the damping device 
response on ambient temperature, 
frequency of loading, and 
temperature rise during testing. 

c. Alternative methods are accepted 
by the registered design 
professional responsible for the 
design of the structure. 

3. If the force-deformation properties of the 
damping device at any displacement less 
than or equal the maximum earthquake 
device displacement change by more than 15 
percent for changes in testing frequency 
from 1/T1M to 2.5/T1, then the preceding tests 
shall also be performed at frequencies equal 
to 1/T1 and 2.5/T1. 

If reduced-scale prototypes are used to 
qualify the rate dependent properties of 
damping devices, the reduced-scale 
prototypes should be of the same type and 
materials, and manufactured with the same 
processes and quality control procedures, as 
full-scale prototypes, and tested at a 
similitude-scaled frequency that represents 
the full-scale loading rates. 

18.9.1.3  Testing Similar Devices.  Damping devices 
need not be prototype tested provided that both of the 
following conditions are met: 

1. All pertinent testing and other damping 
device data are made available to, and are 
accepted by the registered design 
professional responsible for the design of the 
structure. 

2. The registered design professional 
substantiates the similarity of the damping 
device to previously tested devices. 

18.9.1.4  Determination of Force-Velocity-
Displacement Characteristics.  The force-velocity-
displacement characteristics of a damping device 
shall be based on the cyclic load and displacement 
tests of prototype devices specified above.  Effective 
stiffness of a damping device shall be calculated for 
each cycle of deformation using equation  17.8-1. 

18.9.1.5  Device Adequacy.  The performance of a 
prototype damping device shall be deemed adequate 
if all of the conditions listed below are satisfied.  The 
15-percent limits specified below are permitted to be 
increased by the registered design professional 
responsible for the design of the structure provided 
that the increased limit has been demonstrated by 

analysis not to have a deleterious effect on the 
response of the structure. 

18.9.1.5.1  Displacement-Dependent Damping 
Devices.  The performance of the prototype 
displacement-dependent damping devices shall be 
deemed adequate if the following conditions, based 
on tests specified in Section 18.9.1.2, are satisfied: 

1. For Test 1, no signs of damage including 
leakage, yielding, or breakage. 

2. For Tests 2 and 3, the maximum force and 
minimum force at zero displacement for a 
damping device for any one cycle does not 
differ by more than 15 percent from the 
average maximum and minimum forces at 
zero displacement as calculated from all 
cycles in that test at a specific frequency and 
temperature. 

3. For Tests 2 and 3, the maximum force and 
minimum force at maximum earthquake 
device displacement for a damping device 
for any one cycle does not differ by more 
than 15 percent from the average maximum 
and minimum forces at the maximum 
earthquake device displacement as 
calculated from all cycles in that test at a 
specific frequency and temperature. 

4. For Tests 2 and 3, the area of hysteresis loop 
(Eloop) of a damping device for any one cycle 
does not differ by more than 15 percent from 
the average area of the hysteresis loop as 
calculated from all cycles in that test at a 
specific frequency and temperature. 

5. The average maximum and minimum forces 
at zero displacement and maximum 
earthquake displacement, and the average 
area of the hysteresis loop (Eloop), calculated 
for each test in the sequence of Tests 2 and 
3, shall not differ by more than 15 percent 
from the target values specified by the 
registered design professional responsible 
for the design of the structure. 

18.9.1.5.1  Velocity-Dependent Damping Devices.  
The performance of the prototype velocity-dependent 
damping devices shall be deemed adequate if the 
following conditions, based on tests specified in 
Section 18.9.1.2, are satisfied: 

1. For Test 1, no signs of damage including 
leakage, yielding, or breakage. 
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2. For velocity-dependent damping devices 
with stiffness, the effective stiffness of a 
damping device in any one cycle of Tests 2 
and 3 does not differ by more than 15 
percent from the average effective stiffness 
as calculated from all cycles in that test at a 
specific frequency and temperature. 

3. For Tests 2 and 3, the maximum force and 
minimum force at zero displacement for a 
damping device for any one cycle does not 
differ by more than 15 percent from the 
average maximum and minimum forces at 
zero displacement as calculated from all 
cycles in that test at a specific frequency and 
temperature. 

4. For Tests 2 and 3, the area of hysteresis loop 
(Eloop) of a damping device for any one cycle 
does not differ by more than 15 percent from 
the average area of the hysteresis loop as 
calculated from all cycles in that test at a 
specific frequency and temperature. 

5. The average maximum and minimum forces 
at zero displacement, effective stiffness (for 
damping devices with stiffness only), and 
average area of the hysteresis loop (Eloop) 
calculated for each test in the sequence of 
Tests 2 and 3, does not differ by more than 
15 percent from the target values specified 
by the registered design professional 
responsible for the design of the structure. 

18.9.2  Production Testing.  Prior to installation in a 
building, damping devices shall be tested to ensure 
that their force-velocity-displacement characteristics 
fall within the limits set by the registered design 
professional responsible for the design of the 
structure.  The scope and frequency of the 
production-testing program shall be determined by 
the registered design professional responsible for the 
design of the structure. 

REASON FOR PROPOSAL:   
 
The modifications to Chapter 18 are being made 
to make the requirements consistent with the 
rewrite of Chapter 16 (Proposal 2-5).  As such, 
this proposal is a companion proposal to 2-5.  
 
TS 2 VOTE:  
 
Yes = 7  Yes with Reservations = 0 
 
Not Voting = 2 No = 0 

 
 
 
 


	18.3  Nonlinear Procedures.  The stiffness and damping properties of the damping devices used in the models shall be based on or verified by testing of the damping devices as specified in Section 18.9.  The nonlinear force-deflection characteristics of damping devices shall be modeled, as required, to explicitly account for device dependence on frequency, amplitude, and duration of seismic loading.
	18.3.1.2   Response Parameters. For each ground motion analyzed, individual response parameters consisting of the maximum value of the individual member forces, member inelastic deformations and story drifts at each story shall be determined.   Moreover, for each ground motion used for response history analysis, individual response parameters consisting of the maximum value of the discrete damping device forces, displacements, and velocities, in the case of velocity-dependent devices, shall be determined.  

	18.9  Testing.  The force-velocity-displacement and damping properties used for the design of the damping system shall be based on the prototype tests as specified in this section.

