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Response Modification Factor of Steel Frames

with and Without Dampers
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Abstract: Response modification factor (R) performs as one of
the main seismic design parameters of new structures during
earthquake and is considered as significant parameter of
nonlinear equivalent static analysiswhich isawidely used method
to evaluate the seismic response of a structure. A review of the
literatureillustrates that although various numerical studies have
investigated the effect of viscous dampers on the response
modification factor (R), lack of experimental study has been
conducted to verify the numerical models. This study evaluatesthe
response modification factor of steel frame with and without
viscous damper. Experimental and numerical analysis have been
conducted in the present research. It is found that results from
finite element analysis agree well with the experimental results.
Besides, the use of damper increases significantly the response
modification factors of steel structures, eg., the factor of
structures with dampers are approximate 32% higher than the
structures  without dampers. The determined response
modification factors for the different structures used in this study
can be applied to conduct equivalent static analysis of buildingsas
an initial design stage.
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I. INTRODUCTION

Natural disasters occur worldwide and, among them,

earthquakes are considered the most destructive as they leave
severe social and economic impacts. One method to calculate
the seismic response of structures is equivalent lateral force
analysis. This approach is implemented by determining
various factors i.e. the response modification factor (R), the
importance factor, and the seismic zone factor. The R has
been proposed for over strength, whereas the others are
critical for structural systems at displacements exceeding the
initial yield to obtain the ultimate load displacement of such
systems. The thought of the R was proposed based on the
assumption that well-detailed seismic framing systems could
develop lateral strength beyond their design strength and
could bear large deformations without collapsing [1].
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The response modification factor, together with several
major assumptions and experiences, was proposed by the
Applied Technology Council (ATC) [2] asfollow:

§=RS.RH.RR Q)

where

|ITq istge over strength factor and defined as follow:

-

Here, M and E are yield strength and design strength of
the lateral force resisting system

IITu is the ductility factor which is the ratio between lateral
yield strength (Fy) at specific displacement ductility ratios
(u) asfollow:

Fy(u=1)

}R“ ~ Py &

m is the redundancy factor which is considered based on
the line of vertical seismic frame and usualy is set as 1.

The R has been investigated by Andalib et a. [3]; and
Hanson et a. [4], mainly concentrated on displacement
responses. The propositions of Newmark [5] were applied to
FEMA [1], UBC [6], ATC-40 [7], the Structural Engineers
Association of California [8] and the International Building
Code (IBC) [9] to design structural buildings with seismic
isolation and passive energy dissipation systems. Abdi et al.
[10, 11] studied the R of steel structures with viscous
dampers and their effects on soft floor levels and R. The
results indicated that the R of steel structures with dampers
were greater than steel structures without dampers. Patil and
Jangid [12] investigated the response of a 76-story benchmark
building under across-wind loads. Miyamoto et a. [13]
studied the collapse risk of tall steel moment-frame buildings
(10-, 20-, 30-, and 40-story models) with viscous dampers
subjected to severe earthquakes. The analysis showed that
during extreme seismic events, the design exhibited
satisfactory performance. Significant improvements were
observed in reducing collapse hazard through an increased
damper safety factor. Abdollahzadeh and Kambakhsh [14]
studied the effect of height on the R of open chevron
eccentrically braced frames. They found that increasing the
height of the frame resulted in a relatively fixed R of the
consequence of over strength. When frame height is
increased, the R of the consequence of ductility is decreased.
Lastly, when the height of the building is increased, the R of
the frame based on the alowable stress design method is
decreased. Zahid et a. [15] investigated the over strength
factor of RC frames designed based on Euro codes (ECs),
such as EC2 and EC8. They concluded that the geometry and
ductility of the frames affected the over strength factor.
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Seismic over strength in the braced frames of modular steel
buildings (MSBs) was studied by Youssef and Naggar
[16-18]. Theresultsillustrated that height of systems affected
the response modification factor.

A review of the literature illustrates that although several
numerical studies have investigated the effect of viscous
dampers on the response modification factor (R), lack of
experimental study has been conducted to verify the
numerical models. The current study aims to investigate the
effects of viscous dampers on the response modification
factor (R) of structures with viscous dampers. Numerical and
experimental  studies were performed to analyze steel
structures with and without viscous dampers.

[I. NUMERICAL ANALYSIS

A numericd model for evaluating the response
modification factor is developed using finite element software
(SAP2000). Single bay steel frames (height and width of 1m)
ismodeled in SAP2000 as shown in Figure 1. The distribution
of loads was described as 4 kKN/m2 dead load and 5 kN/m2
live load for each floor. Other parameters, i.e., a seismic zone
factor of Z = 0.15, an importance factor of | = 1.25, soil type
I, a response modification factor of R = 5.6, a seismic
coefficients of E = 0.5, and E = 0.3, were considered
according to IBC[9].

Figure 1. Steel frame modeled in SAP2000.

Figure 2 illustrates the load-displacement curves of the
numerical models showing 33.15 % increase in response
modification factor after adding a damper to the frame (Table
1).
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Figure 2. Numerical load—displacement resultsfor the

steel frames.
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test
- /8 -
Numerica (kN (mm) (mm) R Diff
WIthowt  g973 2054 1143 186 .
damper 4
Withdamper 1191 2035 1141 248 3L5
2 %
[1l. EXPERIMENT
Table 2: Properties of the experimental steel members
L ! W6
Designation Size (mm) (152x76)
Unit Weight (Kg/m) 134
Length of beam and column (mm) 1000
Depth of Beam (mm) 150
Width of Beam (mm) 75
Flange Thickness (mm)
Web Thickness (mm)
Root Radios (mm) 8

Figure 3. Schematic assembly of the experimental test.

Two frames with and without a viscous damper are tested.
Schematics assembly of the experimental test are shown in
Figure 3. The selected sections for the experimental steel
frame are presented in Table 2. Ultimate tensile strength of
355 MPaand Elastic modulus of 200,000 M Pa considered for
steel member properties. The viscous damper model
VANETTE (A1) from KY B Corporation (Tokyo, Japan) was
used for experimental testing. The extension force of the
implemented viscous damper was 1.092 kN at a velocity of
0.3 m/sand 1.402 kN at a velocity of 0.6 m/s. Moreover, the
compression forces were 765 kN and 1079 kN at a velocity
values of 0.3 m/s and 0.6 nV/s, respectively.
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The damping coefficient was 35 kN/(m/s), and the weight
of the damper was 6.8 kg. The resultsare presented in Figure 4
and Table 3 The response modification factors of the frame
with and without adamper were 26.1 and 19.82, respectively,
indicating 31.7% increase in value of the response
modification factor when viscous damper was used.
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Figure 5. L oad—displacement result

Table4 Increasein the damped frame compared with the
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Figure 4. Experimental load—displacement result for the
steel frames.

Table 3 Response modification factor (R) for the
experimental test.

Experimental m IZT’ IAT" R Diff
P N) | (mm) | (mm)
Without o1 | 19 | 118 |1982| -
damper

With damper | 121 | 195 | 1181 | 261 | 3L.7%

*|V,: Design base shear; A, Displacement of roof at
yield stage; lsz: Maximum displacement; Diff: Different in
compare to frame without damper

IV. COMPARISON AND DISCUSSION

Figure 5 presents the load-displacement curves of the
different models determined by experimental and numerical
analyses. Increments in the damping coefficient increase the
base force and capacity of a model. Therefore, the obtained
values of the response modification factor were higher than
those of the codes. The difference in the pushover results may
not only be attributed to loading on the frame but a so to other
factors that may affect the frames, such as the following:

i) The support condition in modelling is considered fully
pinned. However, in the real testing, the friction is effect on
the performance of pinned connection.

ii) The load increment and speed in the numerical testing
may differ from those in the experimental testing.

iii) The jointsin the numerical model are considered atie.
Inareal steel frame, however, welding may not be performed
as aperfect tie.
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bare frame.

R factor_from R factpr from Diff RN

numerical experimental & RE
Model andysis (RN) test (RE)

R % R % %
Bare 18.6 19.82
frame 4 - -
Frame | 548
with 2 33.15% 26.1 31L.7% 1.45
damper
Table 4 shows the increasing trend of damper

implementation in the bare frame caculated from the
numerical and experimental tests. The difference between the
numerical and experimental test results for the frame with a
damper decreased by 1.45%.

V. CONCLUSION

The effect of viscous dampers on the response modification
factor (R) has been investigated. It is found that results from
finite element analysis agree well with the experimental
results. Furthermore, the numerica and experimental test
results indicated that using a viscous damper effectively
increased the performance of structures under lateral load.
The effect of a damper on structure response to displacement
and base shear increased the response modification factor
compared with that of the bare frame by approximately 31.7%
and 33.15% in the numerical and experimental test results,
respectively. The aforementioned results show that installing
viscous dampers in structures can be considered an effective
solution to increase vibration energy dissipation in structures.
The determined response modification factors for the
different structures used in this study can be applied to
conduct equivalent static analysis of buildings as an initial
design stage.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring




Response M odification Factor of Steel Frames With And Without Dampers

REFERENCES

1. B. S S Council, "NEHRP recommended provisions for seismic
regulations for new buildings and other structures (FEMA 450),"
Washington, DC, 2003.

2. A.T.Council and S. E. A. o. California, Tentative provisions for the
development of seismic regulations for buildings: a cooperative effort
with the design professions, building code interests, and the research
community vol. 3: Department of Commerce, Nationa Bureau of
Standards, 1978.

3. Z.Andaib, M. A. Kafi, A. Kheyroddin, and M. Bazzaz, "Experimental
investigation of the ductility and performance of steel rings constructed
from plates," Journal of Constructional steel research, vol. 103, pp.
77-88, 2014.

4. R.D.Hanson, I.D. Aiken, D. K. Nims, P. J. Richter, and R. Bachman,
"State-of-the-art and state-of-the-practice in  seilsmic  energy
dissipation," in Proceedings of the Seminar on Seismic Isolation,
Passive Energy Dissipation, and Active Control, Applied Technology
Council, 1993, pp. 449-471.

5. N. M. Newmark, "Earthquake spectra and design,” Earthquake Eng.
Research Institute, Berkeley, CA, 1982.

6. U.B. Code, "International conference of building officials,” Whittier,
CA, 1997.

7. A.T.Council, "Seismic evaluation and retrofit of concrete buildings,"
Report No. SSC 96-01: ATC-40, vol. 1, 1996.

8. G. H. Shea, Recommended lateral force requirements and
commentary: Structural Engineers Association of California, 1999.

9. U. B. Code, "International conference of building officials," Whittier,
CA, 2012.

10. H. Abdi, F. Hejazi, R. Saifulnaz, |. Karim, and M. Jaafar, "Response
modification factor for steel structure equipped with viscous damper
device," International Journal of Steel Structures, vol. 15, pp. 605-622,
2015.

11. H. Abdi, F. Hejazi, M. Jaafar, and |. Karim, "Evaluation of response
modification factor for steel structures with soft story retrofitted by
viscous damper device," Advancesin Structural Engineering, vol. 19,
pp. 1275-1288, 2016.

12. V. Patil and R. Jangid, "Response of wind-excited benchmark building
installed with dampers," The Structural Design of Tall and Special
Buildings, vol. 20, pp. 497-514, 2011.

13. H.K.Miyamoto, A. S. Gilani, A. Wada, and C. Ariyaratana, "Collapse
risk of tall steel moment frame buildings with viscous dampers
subjected to large earthquakes: Part i: Damper limit states and failure
modes of 10-storey archetypes," The Structural Design of Tall and
Special Buildings, vol. 19, pp. 421-438, 2010.

14. G. Abdollahzadeh and A. M. Kambakhsh, "Height effect on response
modification factor of open chevron eccentrically braced frames,"
Iranica Journal of Energy & Environment, vol. 3, pp. 72-77, 2012.

15. M. Zahid, D. Robert, and F. Shahrin, "An evaluation of overstrength
factor of seismic designed low rise RC buildings" Procedia
Engineering, val. 53, pp. 48-51, 2013.

16. C. Annan, M. Youssef, and M. El Naggar, "Seismic overstrength in
braced frames of modular steel buildings," Journal of Earthquake
Engineering, vol. 13, pp. 1-21, 2008.

17. C.Annan, M. Youssef, and M. El Naggar, "Experimental evaluation of
the seismic performance of modular steel-braced frames," Engineering
Structures, vol. 31, pp. 1435-1446, 2009.

18. C. Annan, M. Youssef, and M. El Naggar, "Seismic vulnerability
assessment of modular steel buildings," Journal of Earthquake
Engineering, vol. 13, pp. 1065-1088, 2009.

AUTHORSPROFILE

Huy-Vung Nguyen is now alecturer at the Faculty of
Architechture — Construction, Binh Duong University,
Binhduong, Vietnam.

Thi-Kieu Pham is now a lecturer at the Faculty of Civil
Engineering, University of Transport and Communications,
Hanoi, Vietnam.

Retrieval Number: F3947049620/20200BEI ESP Ef‘fgéﬁ lBr?t’;”igmce Engineering
DOI: 10.35940ijitee. F3947.049620 053 Blue Eyes Ineligence

Journal Website: www.ijitee.org



