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Record Earthquake

Preferred Vs30 (m/s)

N Year Station Name PGV (cm/s) Mw R Te

0. Name

(a) Ordinary Recordings (OR)

1 Chi Chi 1999 CHY065 13.8 762 8343 0.56 272.6
2 Chi Chi 1999 TAP095 26.6 7.62 109.01 0.98 215
3 Loma Prieta 1989 CDMG58224 355 6.93 7220 0.32 306.5
4 Kobe 1995 HIK 15.2 6.10 95.72 0.60 256
5 Manijil 1990 Qazvin 11.5 737 49.97 0.16 2745
6 Northridge 1994 CDMG13122 6.9 6.70 7232 0.38 308.6
7 Tabas 1978 Ferdows 7.9 735 9114 0.24 2745
(b) Near Fault Recordings (Strike-Normal, SN and Parallel, SP )

1 Loma Prieta 1989 LGPC 92.5 6.93 9.96 4.39 477.7
2 Northridge-01 1994 Newhall - Fire Sta 120.26 6.69 5.92 1.03 269.1
3 Northridge-01 1994 Newhall - W Pico Canyon Rd.  82.88 6.69 5.48 2.40 285.9
4 Northridge-01 1994 Rinaldi Receiving Sta 167.2 6.69 6.50 1.23 282.3
5 Northridge-01 1994  Sylmar - Converter Sta East 113.57 6.69 5.19 3.52 370.5
6 Kobe, Japan 1995 KIMA 89.1 6.90 0.96 0.95 312
7 Kobe, Japan 1995 Takarazuka 72.64 6.90 0.27 1.42 312

Table 1. Characteristics of near-field earthquakes (NF) for parallel (SP) and perpendicular (SN) components with far-field
earthquakes (OR)
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| Select 3 sets of earthquakes (SN, SP and OR) |

4| Select target ductility ratio (p;=1, 2, 3 and 5) |
¥

’_I Define SDOF system (from T=0.02 to 4 Sec.) i_|

*
Nonlinear time history analysis|
of SDOFs and calculate A,

]

T
Select an initial value for Fy and
calculate yield deformation, A,

!

Calculate demand ductility ratio for SDOF:p =

Amax
A

y

0.99p; <Py <py

Try and error on yield
strength of SDOFs [~

v VI (=1
Nonlinear time history| R, :$ Linear time histon
analysis of SDOFs an SDok »‘ufﬂi <«—Janalysis of SDOFs and
in
calculate Vg and| C. _ Bspor. calculate Vo (1 =1)
el
Aspor Asoos and AZIDOF

— Repeat for different p,

> Repeat for different e@

7

Fig. 1. The analysis process in calculating factors (R,) and (Cg).
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Ductility Reduction Factor, Rp
OR Records, Bilinear, 0=3%, £=5%

Ductility Reduction Factor, Rp
SN Records, Bilinear, 0=3%, £&=5%

Ductility Reduction Factor, Rp
SP Records, Bilinear, a=3%, £&=5%
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Fig. 2. Ductility reduction factor (R) for near-field earthquakes (parallel and normal components) and far-field earthquake for four
levels of ductility

Gl IS Cilis - o SS5 4 (R 60 K8 S2als oy 0 = (1) IS

Ductility Reduction Factor, Rp
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Ductility Reduction Factor, Rp
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Fig. 3. Ductility reduction factor (R.) for different levels of ductility
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Fig. 4. The ratio of mean Ry obtained from SN and SP to corresponding value obtained from OR, 0=3%, {=5%
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Fig. 5. The effect of damping ratio on Ry, mean values of NF-SN, 0=3%
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Fig. 6. The effect of strain hardening ratio on R,, mean values of NF-SN, {=5%
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Abstract
The experience of previous earthquakes shows that the inelastic response of structure is related to the
intensity and content of ground motion. In this case, the evaluation of nonlinear response of structure
demonstrates the reduction in the base shear force. This reduction which leads to inelastic base shear is
defined by Behavior Factor (strength reduction factor) in seismic codes. One of the important parts in R
factor is ductility reduction factor R,. While R, is related to the type of earthquake, it seems that for near
fault motions there would be a different value in comparison to ordinary earthquakes. For the near fault
earthquakes, due to the direction of fault rupture from the site, the directivity effect becomes an important
parameter. Previous researches show that for forward directivity effect, there would be two components for
earthquakes. One is normal strike and the other is parallel strike. In this paper, these components are
regarded as SN and SP. Also, in the concept of performance-based design, the ratio between inelastic and
elastic response of structure is an important index in calculating the target displacement. This ratio is called
Cg, hereafter. It is good to mention that Cr factor is defined as C; coefficient in FEMA440. In previous
researches, the evaluation of Cg for near and far fault motions has less been considered.
To evaluate R, and Cg, the extended number of SDOF systems (from 0.2 to 4 Sec.) are considered for four
levels of target ductility (2, 3, 4 and 5). Accordingly, R, and Cr are calculated for near field (hormal and
parallel component) and far fault earthquakes. The normal strike component is traced by a sensitivity
analysis, changing the strain hardening ratio and inherent damping. To perform the analysis, the nonlinear
time history analysis was selected in Opensees. The steel material was also defined to be bilinear. To set the
required ductility with the prescribed target ductility -during trial and error procedure- the yield strength of
SDOF was changed, since the target ductility was achieved. To solve the inelastic equation of motion, the
Newmark-Beta method was selected. The inelasticity in Opensees was modeled with distributed plasticity
using the fiber element. Finally, to calculate R, and Cr for near and far field motions, approximately 84000
nonlinear time history analyses were carried out. In addition, to study the sensitivity of R, and Cr to damping
and strain hardening ratio for the normal strike earthquake, approximately 22400 nonlinear time history
analyses were carried out.

The results show that for all three sets of earthquake, the R, increases up to a specific value and after
that, becomes constant while the fundamental period (T) increases. For small values of ductility (p), increase
in T may lead to convergence of R, to target ductility. In the near field, when the values of T and p are
increased, R, becomes almost greater than p. However, for small values of T, R, is not dependent on demand
i. The study shows that: using far field value of R, for near field motions may lead to a non-conservative
value. Furthermore, while T increases, the Cr value converges to the unit. In the short period, Cr depends on
w and T, severely. Using Cr of far field against SN component leads to Non-conservative result. For a
constant value of p and T, increase in damping may increase Cgr. Using C; for near field motions is non-
conservative for near field motions. Also, for short periods and high ductility demand, Cg, corresponding to
SN component is about 40% greater than C;. Evaluation of the ratio of displacement modification factor to
behavior factor shows that the C4/R ratio for T -greater than 1 Sec.- converged to the unit. For small period
values, this ratio is significantly dependent on the duration. Also, using C4/R of far field for near field
motions may lead to inaccurate results.

Keywords: Near field motions, ductility, nonlinear time history analysis, behavior factor, FEMA440.
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