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Abstract:

Objective:

The purpose of this paper is to present an overview of the specifications of three guidelines for the seismic design of structures with
passive dampers, to compare their similarities, as well as to discuss topics in which each guideline would be desirable to extend. The
guidelines compared here are: a) Minimum Design Load for Buildings and Other Structures (ASCE/SEI 7-16), b) European Standard
Anti-seismic Devices (EN 15129), and c) Technical Regulations for Seismic Design, corresponding to Mexico City Building Code
(NTCS-17).

Methods:

The document summarizes and discusses the most significant differences and similarities among the three guidelines for the design
of  structures  with  energy  dissipation  devices.  The  analysis  and  discussion  are  focused  on  the  following  sections:  1)  Type  of
Dissipation  Devices,  2)  General  Design  Requirements,  3)  Procedure  Selection,  4)  Seismic  Design  Action,  5)  Inspection  and  6)
Testing of Dissipaters.

Conclusion:

The paper identifies the gaps in each guideline and gives recommendations about its possible extension. The paper concludes that
ASCE/SEI 7-16 presents the procedure selection section with more detail; EN 15129 describes with more detail the Testing section,
and NTCS-17, the Inspection section. The paper can be useful for engineers and guideline writers from the USA, Europe, Mexico
and other countries that are in process of developing their guidelines for structures with supplementary damping.

Keywords: Buildings with dampers, Energy dissipating devices, American, Mexican and European design recommendations, Anti
Seismic Devices, Testing of Dissipater, Seismic Design Action.

1. INTRODUCTION

Different guidelines for the design of structures with anti-seismic devices have been published since several decades
ago [1 - 9]; the first of them were oriented to the seismic isolation of structural systems, then, the recommendations
were extended to structures with passive energy dissipation devices [10 - 17].

Here,  the  following  guidelines  for  designing  structures  with  damping  devices  are  reviewed  and  compared:  a)
Minimum Design Load for Buildings and other Structures ASCE/SEI 7-16 (ASCE 7-16) [9], b) European Standard
Anti-seismic  Devices  EN  15129  [4],  and  c)  Technical  Regulations  for  Seismic  Design  (Normas  Técnicas
Complementrias  para  Diseño  por  Sismo  (NTCS-17)  [18],  which  is  part  of  the  Mexico  City  Building  Code.  These
documents correspond to the USA, Europe and Mexico, respectively. The analysis was done in accordance with the
following sections order: 1) Type of devices, 2) General design requirements, 3) Procedure selection, 4) Seismic design
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action, 5) Inspection, and 6) Testing. Requirements specified in each section of each document were compared and
discussed in what follows.

2. TYPE OF DISSIPATION DEVICES

Passive seismic energy devices are commonly classified as follows: 1) those where the dissipated energy depends
on  the  relative  displacement  between  each  end  of  the  systems  (called  Displacement  Dependent  Devices,  DDD,  or
hysteretic devices), and 2) those where it depends on its relative velocity (called Velocity Dependent Devices, VDD).
This classification is  used in Chapter 18 of ASCE 7-16 [9],  in Appendix B of NTCS-17 [18],  and in the European
guidelines EN 15129 [4].

3. GENERAL DESIGN REQUIREMENTS

The recommendations given by the guidelines for the design of structures with energy dissipating devices require to
satisfy their own philosophy [19] as well as their general requirements for the design of conventional structures (without
dissipating devices). For example, the structure-energy dissipating system shall be designed taking into account the type
of structure, structural configuration, classification, type of seismic zone where the structure is located; as well as to
satisfy the specifications related to different structural effects, such as torsion, P-Delta effects, etc.

3.1. Structure – Damping System

With  respect  to  the  structure-damping  system  design,  the  three  documents  present  similar  recommendations;
however, they also present some specifications that are different. Similitudes and differences among the documents with
respect to the structure-damping system design, as well as some gaps in the guidelines, are mentioned as follows:

ASCE  7-16  and  NTCS-17  assume  that  the  structure-energy  dissipation  system  is  constituted  by  a  primarya.
system (force-resisting system) plus a secondary system (formed by the dampers and the elements that transfer
forces from them to the primary system, or alternatively, to the base of the structure), although both systems
may have common elements.
EN 15129 and NTCS-17 recommend that the actions transmitted by the dissipation device to the connectionsb.
shall be multiplied by a factor equal to 1.1 and 1.2, respectively. Similarly, ASCE 7-16 specifies that force-
controlled elements of the secondary system shall be designed for seismic forces that are increased by 20% from
those corresponding to the average maximum credible earthquake response. It is noticed that the increase in the
force is applied to the actions on the force-controlled elements, rather than to each structural element.
Sections 18.2.4.4 and 18.2.4.5 of ASCE 7-16 mention maximum and minimum property modification (λ) factorsc.
to  be  used  in  the  analysis  and  design  of  each  damping  device.  The  factors  take  into  account  the  possible
variation in damper properties above or below the nominal values. EN 15129 also considers that two sets of
design properties of the devices shall be properly established; 1) upper and 2) lower bound design properties.
These are representative values of a given property which are obtained from testing procedures. On the other
hand,  NTCS-17  does  not  recommend  any  modification  factor  that  considers  the  variation  with  respect  to
nominal properties.
ASCE 7-16 establishes (with some exceptions) that the seismic base shear used for designing the force-resistingd.
system shall not be less than a given limit (Vmin). This should be the greater of Vmin = V/BV+l and Vmin = 0.75 V,
where  V  represents  the  unreduced  seismic  base  shear,  and  BV+l  is  the  effective  damping  factor  (which  is
explained in the “Damping factor” section of the present paper). The restriction implies that the supplemental
damping should not be greater than a certain value. On the other hand, no restriction on a minimum seismic base
shear value has been established in NTCS-17 nor EN 15129.

3.2. Damping System Redundancy

Section 18.2.4.6 of ASCE 7-16 establishes that “if fewer than four energy-dissipation devices are provided in any
story of a building in either principal direction, or fewer than two devices are located on each side of the center of
stiffness  of  any  story  in  either  principal  direction,  all  energy-dissipation  devices  shall  be  capable  of  sustaining
displacements equal to 130% of the maximum calculated displacement in the device under MCER”, where MCER is
defined  as  the  “risk-targeted  maximum  considered  earthquake  ground  motion  response  acceleration”.  The  Design
Earthquake is given by two-thirds of the corresponding MCER ground motion. On the other hand, documents NTCS-17
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and EN 15129 do not establish any restriction with respect to the minimum number of devices that shall be installed in
the building stories.

4. PROCEDURE SELECTION

The  three  guidelines  (ASCE  7-16,  NTCS-17  and  EN  15129)  recommend  strength-based  structural  design
approaches, and not a displacement-based method [20 - 23]. The methods of analysis recommended by each of the
guidelines under review are the following:

ASCE 7-16 recommends using linear or non-linear structural analysis procedures, or a combination of these, asa.
permitted in Section 18.2.3. The document says that regardless of the method used, the peak response of the
structure  and the  energy dissipating  system shall  be  confirmed with  results  of  a  time history  analysis  if  the
structure is located at a site with S1 ≥ 0.6, where S1 is defined as “mapped MCER, 5 percent damped, spectral
response acceleration parameter at a period of 1 s” (see Section 11.4 of ASCE 7-16). The document explains in
detail  and  establishes  requirements  for  using  the  following  approaches:  i)  response-spectrum  procedure,  ii)
equivalent lateral force, and iii) non-linear time history method.
EN 15129 establishes that the procedure selection (response spectrum or the time history analysis) depends onb.
the type of the device used in the structure; however, the document does not specify the requirements for using
each  type  of  procedure.  It  is  recommended  that  this  section  could  be  extended  to  a  future  version  of  the
document. On the other hand, EN15129 strongly recommends that a time-history analysis shall be performed
when the equivalent damping ratio related to the hysteretic energy dissipation, is higher than 15%.
On  the  other  hand,  the  document  NTCS-17  does  not  contain  specific  recommendations  for  the  analysis  ofc.
buildings with energy dissipation devices. It is advisable that this section could be extended in future versions of
this guideline.

It is noticed that only ASCE 7-16 specifies in detail the requirements and the methodology to be followed in the
methods of analysis; and that the other two guidelines do not present such detailing.

5. SEISMIC DESIGN ACTIONS

The three documents  reviewed here  define the seismic design actions by means of  design spectra  or  by related
accelerograms. Their characteristics depend on the seismic hazard associated with the zone of interest, and their format
depends on each code. In what follows, two particular issues that are of interest in the present review are analyzed with
some details: Site-specific spectra, and damping coefficients which are applied to the design spectra.

5.1. Site-Specific Spectra

The specifications of each document with respect to the seismic design actions and the development of site-specific
design spectra are mentioned as follows:

Section  18.2.2  of  ASCE 7-16  specifies  that  the  Design  Earthquake  and  the  Maximum Credible  Earthquakea.
(MCER) shall be used for the design and analysis of structures with a supplementary damping. The spectra for
both cases should be developed in accordance with its Section 11.4. The document (ASCE 7-16) indicates that
site-specific design spectra shall be used if either of the following conditions apply: i) the structure is located on
a Class F site (see Sections 11.4.8 and 20.3.1), or ii) it is located at a site where S1 ≥ 0.6 (S1 was defined above).
EN 15129 refers to the seismic design action in Clause 3 of EN 1998-1 (Eurocode 8) [25], which refers to theb.
elastic  response  spectrum  and/or  related  accelerograms.  El  document  mentions  that  for  sites  with  ground
conditions matching either one of the two special types S1 or S2, special studies for the definition of seismic
action are required.  S1  ground types are deposits  consisting or containing a layer at  least  10 m thick of soft
clays/silts with a high plasticity index (PI > 40) and high water content; such soils have typically low values of
shear-wave  velocity,  low  internal  damping,  an  abnormally  extended  range  of  linear  behavior.  Whereas,  S2
ground types are deposits of liquefiable soils.
NTCS-17 defines the seismic design action in its Chapter 3 and in Section 6.2.1. The design acceleration spectrac.
are determined from a software (named SASID) which can be found at the internet (www.SASID.df.gob.mx).
On the other hand, NTCS-17 specifies that site-specific spectra can be developed when the geotechnical studies
show the existence of anomalies in the characteristics of the soil with respect to those of its surrounding area.

http://www.SASID.df.gob.mx
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Appendix A of NTCS-17 mentions general criteria for developing site-specific spectra.

5.2. Damping Coefficient

The three guidelines permit that the design spectra may be reduced by a damping coefficient (or damping factor)
due to the presence of dissipation devices. The damping coefficients specified by each of the documents are as follows:

ASCE 7-16  specifies  the  damping  coefficient  (called  B)  as  the  function  of  only  the  vibration  period  of  thea.
structure (T), without including that of the soil. The guidelines recommend that where the structural period is
greater or equal to T 0, the B value is obtained from Table 1; however, where T < T 0, the B value shall be linearly
interpolated between a unity value at 0-second period and the value at period T 0, as indicated in Table 1, for all
values of the effective damping. Here T 0 is the period at the end of the first branch of the design spectra.

Table 1. Damping Coefficient B.

Effective Damping (Percentage of Critical) B (where Structural Period ≥ T)
≤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

The  European  Guidelines  EN  1998-1  [24],  in  Section  3.2.2.2  (2),  specify  a  general  rule  to  calculate  the  Bb.
damping factor.  It  depends on the ratio of critical effective damping expressed as a percentage (ζ),  and it  is
limited to 0.55 value. Equation 3.6 of EN 1998-1 [25] is as follows:

(1)

NTCS-17 specifies the damping factor shown in equation 2 (which corresponds to equation 3.1.4 of NTCS-17).c.
It depends on the ratio of critical effective damping (ζ) and on the fundamental vibration period of the structure
(T). The equation is a result of a seismic hazard based study in reference [26]. Equation 2 is divided into three
parts: the first is applicable to structures with short structural vibration period (T ≤ Ta), the second to those with
intermediate period (Ta < T ≤ Tb), and the last one to those with large structural vibration period (T ≥), where Ta

and Tb  correspond to the period at  the end of the first  and second branch of the acceleration design spectra,
respectively; and depend on the dominant vibration period of the soil (Ts), as shown in Table 2.

Table 2. Parameters in Ec. 3.1.4 of NTCS-17.

Dominant Period of the Soil (s) λ ε τ
Ts ≤0.5 0.40 0.80 2.5

0.5 <Ts ≤1.0 0.45 0.20 1.0
1.0 <Ts ≤1.5 0.45 0.30 1.0
1.5 <Ts ≤2.0 0.50 1.20 1.0
2.0 <Ts ≤2.5 0.50 1.80 1.0
2.5 <Ts ≤3.0 0.55 3.00 1.0
3.0 <Ts ≤4.0 0.50 4.00 1.0

    
10.0

05.0 ��
�B        
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(2)

Fig. (1) shows a comparison of the damping coefficients specified by the documents ASCE 7-16, EN 1998-1 and
NTCS-17 (corresponding to Table 1, and Eq. 1 and 2), for ζ= 30%. Fig. (1) corresponds to systems located on the firm
ground, and it shows that the damping coefficients recommended by ASCE-16 are more conservative than those in
NTCS-17 for small and moderate vibration periods of the structure, but not for large periods. The figure also shows that
the  damping  coefficients  recommended  by  ASCE  7-16  are  slightly  more  conservative  than  those  specified  by  the
European guidelines.

Fig. (1). Comparison of the damping coefficients.

6. INSPECTION

The three design guidelines specify that the structures with energy dissipating systems shall be inspected at certain
intervals. The specifications of each document are as follows:

ASCE 7-16 recommends that: “the registered design professional responsible for the design of the structure shalla.
establish  an  appropriate  inspection  and  testing  schedule  for  each  type  of  damping  device  to  ensure  that  the
devices respond in a dependable manner throughout their design life”.
EN 15129 specifies that a periodic inspection and maintenance program for the devices and their connectionsb.
shall  be  elaborated  during  the  project  implementation.  The  guidelines  indicate  that  the  documentation  shall
contain a detailed description of inspection and maintenance procedures.
NTCS-17 specifies  that  the structures with supplementary damping within Group A (those whose structuralc.
failure can give place to serious consequences) and to Group B (common structures, for example, residential
use, office buildings, hotels, etc) must be inspected after each intense earthquake. The document also specifies
that the inspection interval for structures of Group A should not exceed 3 years, and those of Group B, it should
not exceed 5 years, between two consecutive inspections. These intervals are in agreement with the occurrence
of severe earthquakes (M > 7.1) in Mexico.

It is noticed that NTCS-17 is the only document of the three under review that recommends specific intervals for
inspection of the structures, while the other two design guidelines do not.

7. TESTING

The  three  guidelines  specify  that  the  energy  dissipating  devices  used  in  structures  shall  be  tested  under  cyclic
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loading. Some general recommendations are as follows:

The three guidelines permit to use representative sizes (prototypes smaller than the actual device sizes) of eacha.
type of device, provided it is accepted by the professional responsible for the design of the structure (in the case
of  ASCE  7-16),  or  by  the  group  of  professionals  responsible  for  the  tests  supervision  (in  accordance  with
NTCS-17). EN 15129 requires that tests of smaller specimens shall be carried out only on specimens whose
geometrical scale ratio is not less than 0.5.
ASCE  7-16  and  NTCS-17  recommend  that  the  test  shall  be  performed  on  two  full-size  damping  devicesb.
corresponding  to  each  type  and  each  size  of  the  device  used  in  the  design.  On  the  other  hand,  EN  15129
establishes that at least one full-scale specimen shall be tested.
EN 15129 specifies with detail different requirements for testing: i) Displacement Dependent Devices (DDD)c.
and ii) Velocity Dependent Devices (VDD). With respect to DDD, there are following types of mechanical tests:
i) tests of materials, ii) factory production control tests of materials, iii) type tests of devices and iv) factory
production control tests of devices. With respect to the VDD, the European guidelines include the following
tests: i) pressure, ii) low velocity, iii) constitutive law, iv) damping efficiency, v) wind load cycle, vi) seal wear,
and vii) stroke-verification test. In addition, the document establishes that one unit per production lot shall be
subjected to three different tests related to factory production control (a production lot is defined as no more
than 20 units having the same constitutive law and design details with the exception of the stroke).

7.1. Cycles of Testing

The three guidelines establish a different number of cycles of testing for the devices, as follows:

ASCE 7-16 (Section 18.6.1.2) indicates that: “each damping device shall be loaded with the following sequencea.
of fully reversed sinusoidal cycles at a frequency equal to 1/(1.5T1), where T1 is the fundamental period of the
structure:

Ten  fully  reversed cycles  at  the  displacement  in  the  energy-dissipation device  corresponding to  0.33
times the MCER device displacement;
Five  fully reversed cycles at the displacement in the energy-dissipation device corresponding to 0.67
times the MCER device displacement;
Three fully reversed cycles at the displacement in the energy-dissipation device corresponding to 1.0
times the MCER device displacement; and
Where the latter test just mentioned produces a force in the energy-dissipation device that is less than the
MCER force in the device obtained from analysis, the test shall be repeated at a frequency that produces a
force equal to or greater than the MCER force obtained from analysis.”

ASCE 7-16 also indicates that “each damping device shall be subjected to the number of cycles expected in the
design-wind  storm,  but  not  less  than  2,000  continuous  fully  reversed  cycles  of  wind  load.  Wind  load  shall  be  at
amplitudes  expected  in  the  design  windstorm,  and  shall  be  applied  at  a  frequency  equal  to  the  inverse  of  the
fundamental period of the structure.” The document also indicates that it is not necessary to perform the tests if the
devices will not be subjected to wind-induced forces or displacements, or if the design wind force is less than the device
yield or slip force.

For VDD, the test shall be conducted at a minimum of three temperatures (minimum, ambient and maximum).

b.  ES 15129 Guidelines (Section 6.4.4) specify that DDD devices shall be subjected to increasing amplitude
cycles  at  25%,  50%,  and  100%  of  the  maximum  displacement,  which  shall  be  at  least  equal  to  the  design
displacement (± dbd). The following points shall be applied:

Five cycles for each intermediate amplitude, and
At least ten cycles for the maximum amplitude.

Section 7.4.2.7 of ES 15129 specifies that for VDD devices, the loading history at each velocity shall be subjected
to five harmonic full cycles of the type: d(t) = d sin (2 П f t), where the amplitude, d, and the frequency, f, shall be
specified by the Structural Engineer. In addition, ES 15129 document also highlights when wind load is deemed to be
critical by the Structural Engineer. The document also specifies that prototype dampers shall be tested in order to verify
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their capacity to resist wind-induced vibrations. The device shall be cycled at a frequency and displacement specified by
the Structural Engineer for 200 cycles (e.g. 0.4 Hz at +/- 12mm).

The document also indicates that the test for VDD devices shall be repeated at the maximum and minimum design
temperatures.

c.  NTCS-17 (Section B.4.4) specifies that the specimens shall be subjected to a certain number of fully reversed
cycles  with  maximum  amplitudes  corresponding  to  the  design  earthquake  associated  with  the  collapse
prevention  limit  state.  The  numbers  of  cycles  are  as  follows:

Fifteen  cycles  for  devices  on  structural  systems  with  the  following  characteristics:  i)  the  structure-
damping  system  is  located  on  soft  soil  (Ts>  1s)  where  intense  narrow-banded  seismic  motions  are
commonly registered, and ii) its fundamental vibration period is close to the dominant period of the soil.
If the structure does not present both characteristics (i and ii) mentioned in the above paragraph, then the
specimens shall be subjected to five fully reversed cycles.

The requirement  related  to  the  fifteen  cycles  is  because,  in  the  soft  soil  zone  of  Mexico City,  there  occur  long
duration intense seismic ground motions. For example, the displacement history of a single-degree-of-freedom system
with vibration period T = 1 s, subjected to the record obtained in the Ministry of Communications and Transportation
(SCT) station during the severe earthquake of September 19/1985, with magnitude M = 8.1, contains approximately 15
cycles in its intense portion (corresponding to 85% of Arias intensity).  It  is noticed that NTCS-17 requires that the
excitation period used for the test  shall  be similar to that of the response vibration period of the structure-damping
system.

Section B.4.4 of NTCS-17 also specifies that the specimens shall be subjected to a number of reversed cycles with
amplitudes similar to those corresponding to the structural response produced by the design wind at the site of interest,
but not less than 2,000 continuous fully reversed cycles corresponding to the wind load with the expected amplitudes of
the design windstorm.

For VDD, the tests shall be conducted at three temperatures: minimum, ambient and maximum.

From the above specifications, it can be seen that the number, frequency and amplitude of the test cycles specified
in each of the guidelines, are obviously related to the wind and seismic hazards, and with the characteristics of the
actions expected at the site.

7.2. Acceptance Criteria

ASCE  7-16  and  NTCS-17  present  similar  acceptance  criteria  for  tests  of  energy  dissipation  devices.  Both
documents  consider  an  adequate  performance  of  DDD  if  the  three  conditions  that  follow  are  satisfied:

There are no signs of damages including leakage, yielding or breakage.
The maximum force and the minimum force at zero displacements, as well as at maximum device displacement,
for anyone cycle do not differ by more than 15% from the average maximum and minimum forces as calculated
from all cycles, at equal conditions.
The area of hysteresis loop for anyone cycle does not differ by more than 15% from the average area of the
hysteresis loop as calculated from all cycles in the test.

In addition, ASCE-7-16 specifies the following acceptance criteria:

The  average  maximum  force  and  the  minimum  force  at  zero  displacement,  as  well  as  at  maximum  device
displacement, and the average area of the hysteresis loop, calculated for each test shall not differ by more than
15% from the target values specified by the one responsible for the design of the structure (RDP).
The  average  maximum  force  and  the  minimum  force  at  zero  displacement,  as  well  as  at  maximum  device
displacement, and the average area of the hysteresis loop shall fall within the limits specified by the RDP, as
described by the nominal properties and the lambda (λ) factor for specification tolerance (from section 18.2.4.5
of ASCE 7-16).
The test lambda factors for damping units shall not exceed the values specified by the RDP.

In addition, NTCS-17 specifies the following:
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For  DDD the  effective  stiffness,  in  any  cycle,  does  not  differ  by  more  than  15% from the  average  effective
stiffness as calculated from all cycles in that test. The effective stiffness is defined as:

where F+
EDE and F-

EDE are the positive and negative forces that correspond to the maximum positive and negative

displacement values, D+
EDE and D-

EDE, respectively; and the symbol indicates the absolute value.

The same documents (ASCE 7-16 and NTCS-17) specify the following acceptance conditions for VDD devices:

There are no signs of damage including leakage, yielding or breakage.
The maximum force and the minimum force at zero displacement as well as at maximum device displacement,
for any cycle, do not differ by more than 15% from the average maximum and minimum forces as calculated
from all cycles in the test, at a specific frequency and temperature.
The area of hysteresis loop, for any one cycle, does not differ by more than 15% from the average area of the
hysteresis loop as calculated from all cycles in the test, at specific frequency and temperature.

In addition, ASCE 7-16 specifies:

For VDD with stiffness (for example, viscoelastic devices), the effective stiffness, in any cycle, does not differ
by more than 15% from the average effective stiffness as calculated from all cycles in that test, at a specific
frequency and temperature.
The average maximum and the minimum forces at zero displacement, effective stiffness, and average area of
hysteresis loop shall fall within the limits specified by the RDP, as described by the nominal properties and the
lambda factor for specification tolerance.
Test  lambda  factors  (λ)  for  damping  units  shall  not  exceed  the  values  specified  by  the  registered  design
professional.

It is noticed that NTCS-17 does not mention any coefficient (equivalent to λ factor) that considers the variation from
the nominal properties of the devices.

EN 15129 guidelines specify that in order to assure a stable behavior of the devices under cyclic loading, variations
in a series of loads, relevant to the same displacement, shall be limited as follows:

where subscripts 2 and 3 are relevant to quantities at the 2nd and 3rd load cycle, respectively, and subscript i at the ith-
load cycle on the test, excluding the first (1st) cycle. EN 15129 (Sections 6.2 and 7.3) also provides tolerance limits for
different parameters, such as K2, Keff, ζeff and for the energy dissipation per cycle, corresponding to displacement- and to
velocity-dependent devices.

FINAL COMMENTS AND RECOMMENDATIONS

An overview of the guidelines for the design of structures with passive energy dissipating devices ASCE 7-16, EN
15129 and NTCS-17, is presented; the documents correspond to different seismic regions of the world: USA, Europe
and  Mexico,  respectively;  so,  obviously  they  present  different  requirements  related  to  different  laws,  formats,
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background,  seismic  hazard,  design  philosophies,  etc.

Based on the overview, the following comments and recommendations are given in order to contribute to develop in
the future better guidelines for designing structures with energy dissipation devices:

General Design Requirements

•  NTCS-17  does  not  mention  any  factor  related  to  the  variation  in  nominal  properties  of  the  devices.  It  is
recommended to consider such variations in the next version of the document, in order to take into account the possible
variation in damper properties caused, for example, by aging and environmental effects.

• It is recommended to include some restrictions in future versions of NTCS and of EN about the minimum base
shear value (Vmin) for designing the structural-damping system.

•  It  is  recommended  to  include  some  requirements  in  future  versions  of  NTCS and  of  EN about  the  minimum
number of energy dissipation devices which shall be located in each story of a building system.

Procedure Selection

• It is recommended that NTCS-17 and EN 15129 extend, in their future versions, their procedure selection sections.
It is noticed that ASCE 7-16 specifies with detail the requirements and methodology for using each approach (modal
dynamic, time history analysis, and static procedures).

Inspection of the Structure-Damping Systems

• It is noticed that NTCS-17 recommends specific intervals for inspection of the structures with dampers, while the
other two guidelines do not.

Testing of Energy Dissipation Devices

• The analyzed documents are similar in general testing requirements; however, they present differences that are
related to the characteristics of the seismic ground motions that occur in each region.

•  ASCE 7-16  and  NTCS-17  are  similar  about  acceptance  criteria  for  the  devices  tests;  except  that  ASCE 7-16
considers, in addition, requirements that account for the variation from nominal properties of the damping devices.

Detailing of the Documents Sections:

•  ASCE 7-16 (in Chapter  18) presents  with more detail  the procedure selection section (methods of  analysis  of
structures with passive energy dissipating devices) than EN 15129 and NTCS-17.

• NTCDS-17 presents with more detail the inspection of the structures section than the other guidelines analyzed.

•  EN 15129 (Chapters  6  and 7)  presents  with  more  detail  the  testing  section  (requirements  for  testing  the  anti-
seismic devices) than the other two guidelines.
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