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In order to study seismic design process of RC (reinforced concrete) column components considering the effect of earthquake
duration, the degradation law of capacity under random amplitude hysteresis history was conducted by the research group, and
the estimation method for the energy dissipation capacity of RC column components was suggested. Furthermore, the correlation
between the stiffness decay index and energy dissipation capacity, hysteresis histories, and structural parameters was proposed,
and the performance classification criteria based on the stiffness decay index was established. On this basis, the connection
between the stiffness decay index and structural parameters and seismic parameters was established, and the seismic design
process of RC column components in SDOF (single degree of freedom) system was proposed. The research indicated that the
proposed seismic design process based on stiffness decay index can effectively consider the effect of earthquake duration. The
stiffness decay index is more suitable for defining structural damage than deformation index and Park-Ang index. The stiffness
decay index establishes quantitative relationships with seismic parameters and structural parameters, facilitating performance-
based design in engineering practice. The increase in earthquake duration exacerbates the damage of RC column components, and
this effect is more pronounced at the beginning of the earthquake and gradually decreases over time.

1. Introduction

The maximum amplitude deformation experienced by
structures under seismic action and the earthquake du-
ration are two important factors that contribute to struc-
tural damage [1-5]. The earthquakes in Fukushima, Japan
(2011), Chile (2010), and Wenchuan, China (2008), lasted
for the durations of 300seconds, 200seconds, and
180 seconds, respectively. Long-duration ground motion
period often causes severe damage to structures [6, 7].
However, the current seismic design methods do not
sufficiently consider the effect of earthquake duration [8].
Therefore, it is essential to study the effect of earthquake
duration when developing a performance-based seismic
design method.

To study the duration effect of earthquakes, it is first
necessary to understand the impact of variable amplitude
hysteresis loading paths on the capacity degradation [9].
Previous studies have shown that there is no significant
relationship between the earthquake duration and the
maximum amplitude deformation [10-12]. However,
a strong correlation has been observed between the cu-
mulative hysteresis energy dissipation and the earthquake
duration [13-16]. As a result, the cumulative hysteresis
energy dissipation is widely accepted as an effective measure
to describe the impact of earthquake duration [17, 18].
Scholars have extensively studied the cumulative hysteresis
energy dissipation of RC structures. Goodnight et al. [9]
have discovered that the sequence of maximum amplitude
deformation within the hysteresis history has a significant
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impact on the cumulative hysteresis energy dissipation.
While Poljansek et al. [19] have carried out statistical
analysis on the ultimate deformation capacity of RC column
components, they have not considered the impact of hys-
teresis history on the ultimate deformation capacity. Yuan
and Wang [20] have observed that the degradation of energy
dissipation capacity becomes more severe as the maximum
amplitude deformation occurs earlier in the hysteresis
history. Erberik and Sucuoglu [13, 14] have found that the
residual energy dissipation capacity under variable ampli-
tude hysteresis history is not only associated with the cu-
mulative hysteresis energy dissipation but also with the
specific characteristics of the variable amplitude hysteresis
history. Jiao et al. [21] investigated the influence of different
loading histories on the deformation capacity and energy
dissipation capacity of steel beams and proposed an eval-
uation method of energy dissipation capacity. However, the
conclusions lack sufficient guidance for reinforced concrete
components.

In order to study seismic design process of RC column
components considering the effect of earthquake duration,
the degradation law of capacity under random amplitude
hysteresis history was studied by the research group, and the
estimation method for the energy dissipation capacity of RC
column components was proposed [22, 23]. Furthermore, the
correlation between the stiffness decay index and energy
dissipation capacity, hysteresis histories, and structural pa-
rameters was established [24]. On this basis, the relationship
between stiffness decay index and both structural parameters
and seismic parameters was established, and the seismic
design process of RC column components was proposed. This
seismic design method can make up for the lack of consid-
ering the duration effect in current seismic design codes.

2. Stiffness Decay Index

2.1. Equation for Stiffness Decay Index. Figure 1 shows the
loading stiffness Kj of the k-th half hysteresis. The ratio of
loading stiffness to initial loading stiffness is defined as the
stiffness decay index, which can reflect the damage state of
the column components at each half hysteresis. The stiffness
decay index can be obtained from the following equation:

Dy =1- -k (1)
Kk= 417 :
F /A,
Here, F, is the yield force and A, is the yield
displacement.

The stiffness decay law of RC column components under
variable amplitude hysteresis history was studied by the
research group, and the correlation between the stiffness
decay index and energy dissipation capacity, hysteresis
histories, and structural parameters was explored. Based on
this, the estimation method of stiffness decay index was
proposed [24].
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F1GURE 1: The loading stiffness Kj of the k-th half hysteresis.
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Here, A, represents the severity of damage for RC
column components, By, represents the speed of damage
development for RC column components, #, is the nominal
cumulative hysteresis energy from the 1st to the k-th half
hysteresis, 711 mayx is the nominal cumulative hysteresis energy
of the 1st half hysteresis at subsequent large displacement
amplitude stage, uy max is the maximum nominal displace-
ment in the hysteresis history, Agma.x is the maximum
displacement in the hysteresis history, p; is the transverse
reinforcement ratio of the RC column components, and
Z:-;EH,;‘ is cumulative hysteresis energy from the 1st to the
k-th half hysteresis.

The estimation method of stiffness decay index Dy can
be obtained from equations (2)-(6) as follows:

k
DK,k = f<psr’ Fy’ Ay’ Ak,max’ Z EH,i>' (7)

i=1

From equation (7), it can be seen that the stiffness decay
index Dy is effectively related to the structural parameters
(F)» Ay, and p,), hysteresis history (A max), and cumulative
hysteresis energy (ZLEH’,»).

2.2. Performance Classification Criteria Based on Stiffness
Decay Index [24]. Previous research has found that the
stiffness decay index Dy can be used to classify the per-
formance criteria of RC column components [24]. The
stiffness decay index Dy less than 0 indicates the un-
damaged stage, where no visible cracks are present on the
concrete surface of the RC column components. The stiffness
decay index Dy between 0 and 0.4 indicates the mild
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damage stage, and the corresponding damage phenomenon
is that multiple horizontal cracks appear on the concrete
surface (with crack widths ranging from 0.03mm to
0.08 mm). The stiffness decay index Dy between 0.4 and 0.6
indicates the moderate damage stage, where the early cracks
continue to develop and start to connect end-to-end (with
crack widths ranging from 0.08 mm to 0.21 mm). The
stiffness decay index Dy, between 0.6 and 0.8 indicates the
severe damage stage, where the horizontal cracks from the
early stage transform into unidirectional oblique cracks
(with crack widths ranging from 0.21 mm to 1.35 mm), and
with the further development of damage, these unidirec-
tional oblique cracks develop into intersecting cracks (with
crack widths ranging from 1.35 mm to 3.2 mm), resulting in
severe spalling on the surface of the concrete. At this stage,
the RC column components lose their repairable value. The
stiffness decay index Dk between 0.8 and 1 indicates the
destructive stage, where the concrete in the core area of the
RC column components is crushed. Figure 2 shows the
damage phenomenon of the specimen. Table 1 shows the
performance classification criteria based on the stiffness
decay index Dgy.

3. The Correlations of Stiffness Decay
Index with Deformation Index and Park-
Ang Index

The correlations of stiffness decay index with deformation
index and Park-Ang index are discussed by using the test
data of 9 specimens [23]. The reinforcement parameters and
loading hysteresis histories of the 9 specimens are shown in
Table 2. Four hysteresis histories are used, numbered as S1,
S1-S, S1-L, and S2. Figure 3 shows four types of loading
hysteresis histories. See [23] for more details on the test.

3.1. The Correlation between Stiffness Decay Index and De-
formation Index. The deformation index Dy, of RC col-
umn components can be calculated by the following
equation:

A
Digyige = —om2x, (8)

Here, H represents the height of RC column
components.

Figure 4(a) shows the correlation between the stiffness
decay index D and the deformation index D, indicating
a positive correlation relationship between the two. In the
range of 0<Dgx<0.4 (and 0< Dy, <0.006), Dy x-Dayist
relations show an approximate linear growth pattern, but
after Dxy>0.4 (and Dgyg > 0.006), the dispersion of data
points significantly increases. According to the performance
classification criteria of the stiffness decay index, it can be
observed that when 0 < D, < 0.4, it corresponds to the stage
of mild damage. When 0.4 < Dg ;< 0.6, it corresponds to the
stage of moderate damage. Also, when 0.6 < D <0.8, it
corresponds to the stage of severe damage. Therefore, it can
be concluded that the stiffness decay index and the de-
formation index have a good correspondence in describing

mild damage. However, they have not established a corre-
sponding relationship in describing moderate and severe
damage.

Figure 4(b) shows the effect of reinforcement conditions
on Dy i-Dgyir; relations. By comparing the Dy -Dg;is relation
of specimens R1 and R7, it can be found that under the
identical hysteresis history, the reinforcement conditions
result in a clear stratification of the Dy x-Dg,is relations. The
Dy x-Dayise relation of specimen R7 with relatively more
reinforcement is below the Dy x-Dg,ix relation of specimen
R1 with relatively less reinforcement. A similar phenomenon
can be obtained by comparing the Dy j-Dg,ise relation of
specimens R2 and R8. This indicates that when the stiffness
decay index Dy remains unchanged, the increase in re-
inforcement enables the RC column components to with-
stand larger deformation.

Figure 4(c) shows the effect of hysteresis histories on the
Dxk-Dayife relations. By comparing the Dy x-Dyyif; relation of
specimens R4 to R6, it can be found that under the identical
reinforcement condition, the hysteresis histories result in
a clear stratification of the Dy -Dg,ig relations. The Dy -
Dyie relation of specimen R4 (the maximum amplitude
deformation occurs at the end of the hysteresis process) is
located at the top, while the Dg j-Dgyif relation of specimen
R6 (the maximum amplitude deformation occurs in the
early stage of the hysteresis process) is located at the bottom.
It can be seen that when the maximum amplitude de-
formation occurs in the early stage of the hysteresis process,
the RC column components can bear large deformation with
relatively small damage.

Figure 4(d) shows the effect of duration on Dy k-Dagrife
relations. By comparing the D x-Dagyif relation of specimens
R2 and R3, it can be found that under the identical re-
inforcement condition, the duration results in a clear
stratification of the Dy x-Dg,is relations. The Dy g-Dgyig re-
lation of specimen R3 (long-duration) is below the Dy -
Dyie relation of specimen R2 (short-duration). A similar
phenomenon can be obtained by comparing the Dy x-Dagyif
relations of specimens R7 and R8. This indicates that when
the stiffness decay index Dy remains unchanged, the de-
formation capacity is reduced under the long-duration
earthquake action.

In summary, the stiffness decay index Dgj and de-
formation index Dy,ire have good correspondence in de-
scribing mild damage of RC column components.
However, they have not established a corresponding re-
lationship in describing moderate and severe damage. The
reinforcement conditions, hysteresis histories, and earth-
quake duration have a significant impact on the Dy x-Dg;ist
relations.

3.2. The Correlation between Stiffness Decay Index and Park-
Ang Index. The Park-Ang index Dpgpang of RC column
components can be calculated by the following equation
[25]:

k

X Z':IEHi

Dpygpng = -+ B=— (9)
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TaBLE 1: The performance classification criteria based on the stiffness decay index [24].

Nos.  Stiffness decay index Dy

Damage phenomenon

Damage stage Performance criteria

1 D kx<0 No visible cracks No damage Intact

2 0<Dgi<0.4 ‘ Multiple horizonta! cracks Mild damage Repairable
3 0.4<Dgy<0.6 Horizontal cracks connecting end to end Moderate damage

4 0.6 < Dgx<0.8 Unidirectional oblique cracks, intersecting cracks Severe damage No collapse
5 0.8<Dgy<1 Concrete crushed Destruction Collapse
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FIGURE 2: The damage phenomenon of the specimen. (a) No visible cracks. (b) Multiple horizontal cracks. (c) Horizontal cracks connecting
end to end. (d) Unidirectional oblique cracks. (e) Intersecting cracks. (f) Concrete crushed.

TaBLE 2: The reinforcement parameters and loading hysteresis histories of the 9 specimens.

Transverse reinforcement ratio Longitudinal reinforcement ratio Number of half

Nos. P (%) o, (%) Hysteresis history hysteresis cycles
R1 0.226 0.587 S1-S 42
R2 0.226 0.587 S1 42
R3 0.226 0.587 S2 178
R4 0.226 1.198 S1-S 42
R5 0.226 1.198 S1 42
R6 0.226 1.198 S1-L 42
R7 0.804 1.198 S1-S 42
R8 0.804 1.198 S1 42
R9 0.804 1.198 S2 178

Here, x, is the ultimate deformation of the structure
under monotonic loading, x,, is the maximum deformation
of the structure under earthquake action, and f§ is the in-
fluence factor related to the shear span ratio, axial com-
pression ratio, and reinforcement parameters [25].

The performance classification criteria based on the
Park-Ang index was proposed [26]. According to the cri-
teria, if the Park-Ang index is below 0.4, the structure can be
repaired. However, if the Park-Ang index exceeds 1.0, the
structure is considered to be in a state of destruction.

Figure 5(a) shows the correlation between the stiffness
decay index Dgj and the Park-Ang index Dpaiang in-
dicating a positive correlation between the two. The upper
and lower shadow areas in the Figure 5(a) are divided into
destructive and nondestructive zones based on the perfor-
mance criteria of stiffness decay index and Park-Ang damage
index. The data points with Dp,i_ang < 1.0 are located in the
green shaded area, indicating that using the Park-Ang index
to define the nondestructive state of RC column components
is consistent with using the stiffness decay index to define the

nondestructive state. When Dpqric.ang > 1, some data points
are located in the red shaded area, while others are located in
the severe damage range defined by the stiffness decay index.
This indicates that when defining the destructive behavior of
RC column components, utilizing the stiffness decay index
tends to yield less conservative results compared to the Park-
Ang index.

Figures 5(b)-5(d) show the effects of reinforcement
conditions, hysteresis histories, and earthquake duration on
the D i-Dpark-ang relations, respectively. The upper and
lower shadow areas are divided into repairable and non-
repairable zones based on the performance criteria of
stiffness decay index and Park-Ang index. It can be found
that except for specimen R6 (where the maximum amplitude
deformation occurs in the early stage of the hysteresis
process) in Figure 5(c), most of the data points fall within the
shaded areas. This indicates that the Park-Ang index shows
good consistency with the stiffness decay index in evaluating
the repairable state of RC column components, but when the
maximum amplitude deformation occurs in the early stage
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F1GURE 3: Four types of loading hysteresis histories [23]: (a) hysteresis history S1, (b) hysteresis history S1-S, (c) hysteresis history S1-L, and
(d) hysteresis history S2.

1.0 4 1.0 4
0.8 4 .
0.6
b
Q
0.4
0.2
0.0
0
D,
Ddrif drift
—Oo— RI1 -o— R
-o0—- R2 —-O0— R8
(a) (b)



1.0 4
0.8 4
. 0.6 . R 8 e0-0—H
Q _
044 § L
0.2 1 /ég
/O/

0.0 4 ]}é)/

0.000 0.005 0.010 0.015 0.020 0.025
Ddrifl
—O— R4
—-o— R5
R6

(©)

Shock and Vibration

1.0 |

0.8 -

0.6 4

Kk

0.4

0.2 1

0.0 ~

0.000 0.005 0.010 0.015 0.020 0.025

Ddri ft

—o— R2 R8
—-0— R3 -0 R9

(d)

FiGURe 4: Effects of reinforcement conditions, hysteresis histories, and earthquake duration on the Dg x-Dyyis; relations. (a) The correlation
between Dy and Dgyin. (b) Effect of reinforcement conditions on Dy y-Dgyif relations. (c) Effect of hysteresis histories on Dy -Dayife

relations. (d) Effect of duration on Dx k-Dgyif relations.

of the hysteresis history, the Park-Ang index tends to be
more conservative in assessing the repairable state compared
to the stiffness decay index.

By comparing the green shaded areas in Figures 5(b)-
5(d), it can be found that the differences of reinforcement
conditions, hysteresis histories, and earthquake duration
result in a clear stratification of the Dy x-Dpark-ang Te-
lations. This indicates a lack of consistency between the
Park-Ang index and the stiffness decay index when
evaluating mild and moderate stages of damage.

In summary, the stiffness decay index and Park-Ang
index demonstrate good consistency in defining non-
destructive and repairable states. However, they lack
consistency when defining mild and moderate damage
states.

4. Seismic Design Process Based on Stiffness
Decay Index

4.1. The Correlation between Stiffness Decay Index and
Seismic Parameters. From equation (7), it can be seen that
the stiffness decay index Dy is effectively related to the
structural parameters, hysteresis histories, and cumu-
lative hysteresis energy. In order to determine the cor-
relation between stiffness decay index Dy and seismic
parameters, the cumulative hysteresis energy Zl Epy; for
the SDOF system can be calculated by the following
equation [17]:

k
> Ey; = mgE,, (10)

i=1

with

(4 - )82
¢=113—"—, (11)
U
E, = 05(nv,)", (12)
o 2L (T)2 T<T
11 - — bl
Tg Tﬁ I
n= . (13)
T\
17*<—> T>T
Tg
%
T, =2 9,
9 nva (14)

. _ 0254, A +0.5 (15)
't Ty 21+2°

Here, m represents the mass of the structure, ¢ represents
the proportional parameter, E; represents the seismic input
energy, V, and A, represent the peak value of ground velocity
and peak value of ground acceleration, respectively, # is the
amplification coefficient of peak ground velocity, #* is the
amplification coeflicient of the seismic input energy, A is the
site type parameter, T represents the fundamental period, T',
represents the characteristic period of the site, v, is the ratio of
elastic response velocity to peak ground velocity, v, is the ratio
of elastic response acceleration to peak ground acceleration,
the coefficients v, and v, were taken as 1.9 and 2.4, re-
spectively [27], and t, is the earthquake duration.

According to equations (10)-(15), the stiffness decay
index D can be obtained as follows:
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FiGure 5: Effects of reinforcement conditions, hysteresis histories, and earthquake duration on the D -Dpark-ang relations. (a) The
correlation between Dy x and Dp,.ang- (b) Effect of reinforcement conditions on Dy x-Dpark-ang relations. (c) Effect of hysteresis histories on
Di j-Dpark-ang relations. (d) Effect of duration on D -Dpqri-ang relations.

Dy = f(Pos Fyo Ay Dy s, T5 A, Vg ty). - (16)

From equation (16), it can be seen that the stiffness decay
index Dy is effectively related to the structural parameters
(pse> Fy» Ay Akmax > M, and T) and seismic parameters (A,
Vg and t,).

4.2. The Seismic Design Process Based on Stiffness Decay Index.
According to equation (16), when the structural parameters
(F)» Ay, A maxs h M, and T) and seismic parameters (Ag, Vg
and t;) are determined, the correspondence correlation
between the stiffness decay index Dgy and the transverse
reinforcement ratio pg, is established. On this basis, the
seismic design process based on stiffness decay index is
proposed. The seismic design process includes the following
six steps.

4.2.1. Determination of m and T. The sectional dimensions
and material characteristics of the structure are initially
selected, and the elastic response spectrum method is used to
obtain the seismic effect [8]. Then, the seismic effect and
gravity effect are combined to calculate the reinforcement of
the structure. The mass m and lateral stiffness K can be
calculated based on the sectional dimensions and material
characteristics. The fundamental period T can be obtained
by the following equation:

T = 271\/%. (17)

4.2.2. Determination of y and Ay ... The nonlinear analysis
program (MIDAS Gen) is used to establish the SDOF
structural model. Pushover analysis is performed on the



structural model, which can obtain the capacity curve of the
structure and the demand spectrum curve for moderate
earthquake action [28]. The intersection of capability curve
and the demand spectrum curve is defined as the perfor-
mance point for moderate earthquake action. The de-
formation value at the performance point is the maximum
displacement of the structure, and it is also the maximum
displacement Ay . of RC column components under
moderate earthquake action. Based on the value of spectral
deformation S,y at the performance point and the value of
spectral deformation S, at the yield point, the value of the
ductility coefficient y; for moderate earthquake action can
be determined according to equation (18). Similarly, the
maximum displacement Ay .0 of RC column components
and the value of ductility coefficient y, under major
earthquake action can be obtained.

S

p=-= (18)
S)’

4.2.3. Determination of F, and A,. According to the sec-
tional dimension and longitudinal reinforcement of RC
column components, the yield displacement A, of RC col-
umn components can be determined by performing push-
over analysis [28]. Based on the yield displacement A,, elastic
modulus of concrete E, moment of inertia I, and height of
column component, and the yield force F, of RC column
components can be determined by the following equation:
3EI

y :?Ay. (19)

4.2.4. Determination of V, and A,. The peak values of
ground acceleration A_ under moderate and major earth-
quake in the seismic design code for buildings were pro-
posed [8]. To obtain the peak values of ground velocity (V 9
the ratio of V_ to A, is set at 0.15s in the process of seismic
design [28]. Table 3 shows the peak values of ground ac-
celeration A, for moderate and major earthquake.

4.2.5. Determination of t;. From [24], it can be found that
when the earthquake duration f; lasts between 0 and
10 seconds, the damage of RC column components increases
rapidly, when the earthquake duration t, lasts between 10
and 20seconds, the growth rate of damage slows down,
when the earthquake duration ¢; lasts between 20 and
30seconds, the influence of earthquake duration on the
damage gradually disappears. Therefore, the seismic dura-
tion tq between 0 and 30 seconds can be considered.

4.2.6. Determination of p;,. When the mass m, fundamental
period T, ductility coefficient y;, maximum displacement
amplitude Ay maxi1> yield load F,, yield displacement A, peak
value of ground acceleration A,, peak value of ground ve-
locity V,, earthquake duration {4, and performance design
objectives (the stiffness degradation Dy ) are determined,
the transverse reinforcement ratio pg; for moderate

Shock and Vibration

TaBLE 3: The peak values of ground acceleration A, for moderate
and major earthquake [8].

Seismic Moderate earthquake = Major earthquake
intensity (cm/s”) (cm/s%)

6 degrees (0.05g) 45 125

7 degrees (0.10g) 98 220

7 degrees (0.15g) 147 310

8 degrees (0.20g) 196 400

8 degrees (0.30g) 294 510

9 degrees (0.40 g) 392 620

earthquake can be determined. Similarly, the transverse
reinforcement ratio pg, for major earthquake can be de-
termined. Comparing the transverse reinforcement ratio pg;;
and pg, the larger value is chosen as the final transverse
reinforcement ratio.

4.3. Example. The design process is introduced according to
the SDOF structure, and the relevant design conditions of
the SDOF structure are shown in Table 4. Referring to
Table 4, H is the height of the RC column components, L is
the span of the RC beam components, b is the height of the
cross-section, h is the width of the cross-section, HRB
represents the type of longitudinal reinforcement, HPB
represents the type of transverse reinforcement, and C
represents the type of concrete. Figure 6 shows the SDOF
structural model.

In this example, the site is set as Class II, the seismic
intensity is set as 8 degrees (0.2 g), and the earthquake group
is set as the first group. The floor load is set to 100 kN/m?.
The earthquake duration 2.5, 5, 10, 20, and 30 seconds are
considered. Due to the same reinforcement of the RC col-
umn components, the column A is chosen as an example to
introduce seismic design process. Table 5 is the calculated
values of the structural parameters and seismic parameters.
Figure 7 shows the correlation between the transverse re-
inforcement ratio and stiffness decay index under different
earthquake duration conditions.

According to Figure 7, it can be found that when the
stiffness decay index Dy 4 remains unchanged, the transverse
reinforcement ratio p, increases continuously with the in-
crease of earthquake duration. When the earthquake du-
ration t; lasts between 0 and 10seconds, the transverse
reinforcement ratio pg, increases rapidly, when the earth-
quake duration f; lasts between 10 and 30seconds, the
growth rate of the transverse reinforcement ratio p,, slows
down. This indicates that the damage of RC column com-
ponents is exacerbated by an increase in earthquake dura-
tion, and this effect tends to be more pronounced at the
beginning of the earthquake and then gradually decreases
over time. When the earthquake duration remains un-
changed, the stiffness decay index decreases continuously
with the increases of the transverse reinforcement ratio. The
smaller the stiffness decay index Dxy, the more transverse
reinforcement is required. This indicates that increasing the
amount of transverse reinforcement can be an effective
means of limiting the damage development of RC column
components.
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TABLE 4: The relevant design conditions of the SDOF structure.
Member H (mm) L (mm) b (mm) h (mm) HRB HPB C
Beams — 4000 200 350 HRB335 HPB300 C30
Columns 3000 — 400 4000 HRB335 HPB300 C30
A
FiGURE 6: The SDOF structural model.
TaBLE 5: The calculated values of the structural parameters and seismic parameters.
m (kg) T (s) 7 Afmax1 (mm) F, (kN) A, (mm) Ag (cm/s?) Vg (cm/s)
Moderate earthquakes 172547 0.49 1.46 13.17 64 9 196 29.4
Major earthquakes 172547 0.49 4.44 39.9 64 9 400 60
0.6
_——V
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0.4 /
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. 034
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0.2 4
A-A—A A A
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0.0 - mp—m—BH u u
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F1GURE 7: The correlation between the transverse reinforcement ratio and stiffness decay index under different earthquake duration conditions.

5. Conclusions

This design process is limited to RC square/rectangular
column members for SDOF. The conclusions drawn in this
paper are as follows.

(1) The design process based on stiffness decay index is
proposed, which can compensate for the lack of

considering the duration effect in current seismic
design codes.

(2) The stiftness decay index is more suitable for de-
fining structural damage compared to deformation
index and Park-Ang index. The stiffness decay
index establishes quantitative relationships with
seismic parameters and structural parameters,
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facilitating performance-based design in engi-
neering practice.

(3) The increase in earthquake duration exacerbates the
damage of RC column components, and this effect is
more pronounced at the beginning of the earthquake
and gradually decreases over time.
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