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The research group utilized the estimation model of energy consumption capacity for reinforced concrete components without
axial force to assess the energy consumption capacity of 92-reinforced concrete components from the PEER database, which were
subjected to axial force and bending. The study also examined the impact of design parameters, including longitudinal reinforce-
ment ratio, transverse reinforcement ratio, axial compression ratio, and shear-span ratio, on the estimation results. The research
findings revealed that when applying the estimation model of energy consumption capacity for reinforced concrete components
without axial force to calculate the energy consumption capacity of reinforced concrete components with axial force, there was a
significant deviation rate in the estimation of cumulative energy consumption. The relationship between the deviation rate of
cumulative energy consumption and longitudinal reinforcement ratio, axial compression ratio, and shear-span ratio remained
unclear. However, a more apparent linear relationship was observed with the transverse reinforcement ratio. By conducting a
quantitative analysis of the transverse reinforcement ratio, the researchers proposed an modified estimation model of energy
consumption capacity for reinforced concrete components with axial force. Nonetheless, the accuracy of the modified estimation
model was found to be high within the range of 0-250,000 kN mm of cumulative energy consumption. For cumulative energy
consumption exceeding 250,000 kN mm, further experimental and theoretical research is still required to enhance the reliability of
the modified estimation model.

1. Introduction

The traditional capacity-based seismic design method is
widely used due to its simplicity and practicality. However,
a major drawback of this method is that it does not accurately
represent the actual response of structures under earthquake
forces [1]. In contrast, the energy-based design method offers
a more comprehensive understanding of the effects of seismic
motion characteristics, such as amplitude, spectral character-
istics, and strong-motion duration, on structures. The energy-
based design method considers various forms of energy input
into the structure during an earthquake, including elastic
strain energy, kinetic energy, damping energy consumption,

and hysteresis energy consumption, all of which contribute to
the structural damage [2—4]. To prevent severe damage, the
seismic input energy should be kept below the total energy
consumption capacity of the structure [5]. During an earth-
quake, the structural energy primarily dissipates through
damping energy consumption and hysteresis energy con-
sumption, as the kinetic energy and elastic strain energy can
mutually convert without energy loss. However, practical
engineering observations indicate that damping energy con-
sumption only accounts for a small portion of the total energy
consumption. The hysteresis energy consumption becomes
the dominant factor affecting structural damage [6-—8]. There-
fore, the ability to accurately predict the energy consumption
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capacity of structures under earthquake forces is crucial for
the implementation of energy-based seismic design.

The concept and design principles of the energy-based
design method were initially introduced by Housner [9].
Park and Ang [10] conducted extensive research on the dam-
age mechanisms of reinforced concrete components under
earthquake forces [10]. They proposed a two-parameter
damage model that incorporates maximum deformation
and cumulative energy consumption terms, which has been
adopted to guide energy-based design method [11]. How-
ever, this damage model only relies on the combined param-
eter f to account for the complex coupling relationship
between the maximum deformation term and the cumulative
energy dissipation term. Moreover, the acquisition of the
combined parameter f only considers the failure state of
the reinforced concrete components. Therefore, while this
model can effectively define the failure state, more experi-
ments and theoretical research are still needed for the repair-
able state [12, 13]. Additionally, this damage model does not
provide a method for determining the energy consumption
capacity. Erberik and Sucuoglu[14] conducted low-cycle
reciprocating hysteresis tests on 17-reinforced concrete
beam components and established a correlation between
the damage mechanism of energy consumption capacity
under constant and variable amplitude conditions [14, 15].
They proposed a method for determining the energy con-
sumption capacity of reinforced concrete beam components
under variable amplitude hysteresis. However, their study
primarily focused on reinforced concrete beam components
with plain circular steel bars as longitudinal reinforcement,
limiting the applicability of their conclusions. Poljansek et al.
[16] conducted a study to explore the relationship between
the energy consumption capacity and residual deformation
capacity of reinforced concrete column components. How-
ever, their study did not consider the effects of different
loading histories. The research group conducted steady-state
amplitude and arbitrary amplitude loading tests on 24-rein-
forced concrete components without axial force [17, 18]. The
influence of loading displacement history, transverse rein-
forcement ratio, and longitudinal reinforcement ratio on
the degradation mechanism of reinforced concrete compo-
nents was analyzed, and the estimation model of energy
consumption capacity for reinforced concrete components
without axial force was proposed.

This study applies the estimation model of energy con-
sumption capacity for reinforced concrete components
without axial force to evaluate the energy consumption
capacity of 92-reinforced concrete components in the
Pacific Earthquake Engineering Research Center (PEER)
database, considering axial force and bending. The research
investigates the impact of design parameters on the estima-
tion results. Building upon these findings, modifications are
made to the estimation model of energy consumption
capacity, leading to the proposal of an estimation model
specifically tailored for the reinforced concrete components
with axial force.
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2. The Estimation Model of Energy
Consumption Capacity for Reinforced
Concrete Components without Axial Force

2.1. The Estimation Model of Energy Consumption Capacity.
The influence mechanism of deformation history, cumulative
energy consumption, and design parameters on the decay law
of energy consumption capacity for reinforced concrete com-
ponents was discussed, and the estimation model of the
energy consumption capacity for reinforced concrete compo-
nents without axial force was established [17].

Ep=2(1 - Dy) (e - I)Mygy’ (1)

where Ej represents the energy consumption capacity of the
k-th semi-hysteresis loop. y, represents the nominal ductility
coefficient. M, represents the yield bending moment of the
reinforced concrete components. ), represents the yield dis-
placement angle of the the reinforced concrete components.
D represents the decay index of energy consumption capac-
ity, which can be obtained from Formula (2), when k=1, the
decay index of energy consumption capacity Dy is 0.

a(1 - e P™)IDS
a(1 - e Pm-034m))SIDS . (2)
a(1 — e7P™) +0.002n,SSDS

D, =

Here, IDS represents the initial displacement stage, SLDS
represents the subsequent large displacement stage (when
the displacement deformation is greater than the historical
displacement deformation, the current stage is the subse-
quent large displacement stage), SSDS represents the subse-
quent small displacement stage (when the displacement
deformation is less than the historical displacement defor-
mation, the current stage is the subsequent small displace-
ment stage). The parameters @ and f are obtained from
Formulas (3) and (4), respectively. 7y is the nominal cumu-
lative energy consumption of the k-th semi-hysteresis loop,
obtained from Formula (5), and ny, is the nominal cumulative
energy consumption at the subsequent displacement stage.

a=0.62u)?* (3)

4'2510—0.11
p= m, (4)
k t

where p, represents the transverse reinforcement ratio of the

plastic hinge area.
Ey
/ (5)

"= 0.5M,0,”

where fE; represents the cumulative energy consumption.
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FiGURE 1: The energy consumption capacity of the k-th semi-hysteresis loop.
TasLE 1: The design parameters of 24-reinforced concrete components without axial force.
No. P (%) p (%) N A No. P (%) p (%) N A
M1 0.226 0.766 0 428 M13 0.402 0.971 0 4.28
M2 0.226 0.766 0 4.28 M14 0.402 0.971 0 4.28
M3 0.226 0.766 0 4.28 M15 0.402 0.971 0 4.28
M4 0.402 0.766 0 4.28 Mile6 0.402 1.198 0 4.28
M5 0.402 0.766 0 4.28 M17 0.402 1.198 0 4.28
Mo 0.402 0.766 0 4.28 M18 0.402 1.198 0 4.28
M7 0.804 0.766 0 4.28 M19 0.226 0.766 0 4.28
M8 0.804 0.766 0 4.28 M20 0.402 0.766 0 4.28
M9 0.804 0.766 0 4.28 M21 0.402 1.198 0 4.28
M10 0.402 0.587 0 4.28 M22 0.804 1.198 0 4.28
M11 0.402 0.587 0 4.28 M23 0.226 1.198 0 4.28
M12 0.402 0.587 0 4.28 M24 0.226 0.587 0 4.28
2.2. Estimation Results of Cumulative Energy Consumption. 100,000
As shown in Figure 1, the shaded area represents the energy ]
consumption capacity of the k-th semi-hysteresis loop Ej. ~ 80,000 - %
The cumulative energy consumption is defined as the sum é | £20% S o
of the energy consumption capacities of all semi-hysteresis ] £0.000
loops. F
The cumulative energy consumption of 24-reinforced e ] -20%
concrete components without axial force from the study of g 40,000
Liu et al. [17] was estimated using Formulas (1)—(5). Table 1 E ]
presents the design parameters of 24-reinforced concrete & 20,000
components without axial force, where p; represents trans- 1
verse reinforcement ratio, p represents longitudinal rein- 0 i , . , . , . , .
forcement ratio, N represents axial compression ratio, and 0 20,000 40,000 60,000 80,000 100,000

A represents shear-span ratio, the mention of shear-span
ratio is the ratio between the shear span of the reinforced
concrete component and the effective height of its cross-
section.

Figure 2 shows the experimental values and estimated
values of cumulative energy consumption for 24-reinforced
concrete components without axial force. The horizontal axis
is the experimental values of cumulative energy consump-
tion, while the vertical axis is the estimated values of cumu-
lative energy consumption. The red solid line represents the
y=x line, and the data points located on this red solid line
indicate that the experimental value is equal to the estimated

Experimental value (kN mm)

—— 0% Error line (y = x)
—— +20% Error line

FIGURE 2: Experimental values and estimated values of cumulative
energy consumption for 24-reinforced concrete components with-
out axial force.

value. The green solid line represents the +20% error line.
From the Figure 2, it can be observed that the data points are
distributed around the red solid line, indicating a generally
good agreement between the experimental and estimated
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TasLE 2: The design parameters of 92-reinforced concrete components with axial force.

No. 1D o (%) p (%) N 4 No. 1D o (%) p (%) N A

P1 Gill et al. No. 3 0.762 0.895 042 218 P47 Sakai et al. B5 0.848 1.605 0.131 2.86
P2 Gill et al. No. 4 1.327 0.895 0.6 2.18 P48 Sakai et al. B6 0.848 1.605 0.126 2.86
P3 Ang et al.No. 3 1.131 0.755 0.1 4 P49 Atalay et al. No. 4S1 1.573  1.775 0.2 2

P4 Ang et al. No. 4 0.873 0.755 0.21 4 P50 Atalay et al. No. 5S1 0.807 093  0.599 2

P5  Soesianawati et al. No. 2~ 0.644 0.755 0.3 4 P51 Atalay et al. No. 6S1 1271 093 0599 2

P6  Soesianawati et al. No. 3~ 0.423 0.755 0.3 4 P52 Atalay et al. No. 9 1.634 093 0599 2

P7  Soesianawati et al. No. 4 0.301 0.755 0.3 4 P53 Atalay et al. No. 10 0.098 0.505 0339 7.64
P8 Zahn et al. No. 7 0.671 0.755  0.223 4 P54 Atalay et al. No. 12 1.388 1.29 0.5 6.04
P9 Zahn et al. No. 8 0.854 0.755 0.39 4 P55 Azizinamini et al. NC-4 1.242 1.29 036 6.04
P10 Watson et al. No. 5 0.621 0.755 0.5 4 P56 Saatcioglu et al. U3 1242 1.29 0.5 6.04
P11 Watson et al. No. 6 0.295 0.755 0.5 4 P57 Saatcioglu et al. U6 2.49 129 045 6.04
P12 Watson et al. No. 8 0.653 0.755 0.7 4 P58 Saatcioglu et al. U7 1.883 1.29 0.47  6.04
P13 Tanaka et al. No. 1 1.06 0.785 0.2 4 P59 Xiao et al. 0.2P 0.4 0975 0428 4.7
P14 Tanaka et al. No. 2 1.06 0.785 0.2 4 P60 Sugano UC10H 0.799 0975 0428 4.7
P15 Tanaka et al. No. 3 1.06 0.785 0.2 4 P61 Sugano UC15H 0.533 1465 0462 4.7
P16 Tanaka et al. No. 4 1.06 0.785 0.2 4 P62 Sugano UC20H 1.066 1465 0462 4.7
P17 Tanaka et al. No. 5 0.748 0.625 0.1 3 P63 Nosho et al. No. 1 1.066  1.145 0456 4.7
P18 Tanaka et al. No. 6 0.748 0.625 0.1 3 P64 Bayrak et al. ES-1HT 0.514 1465 0462 47
P19 Tanaka et al. No. 7 0.914 0.625 0.3 3 P65 Bayrak et al. AS-2HT 0.514 1465 0.231 4.7
P20 Tanaka et al.No. 8 0.914 0.625 0.3 3 P66 Bayrak et al. AS-3HT 0514 1.64 0462 47
P21 Park et al. No. 9 1.06 0.94 0.1 297 P67 Bayrak et al. AS-5HT 1.066 1.64 0462 4.7
P22 Zhou et al. No. 214-08 0.614 1.11 0.8 2 P68 Bayrak et al. ES-8HT 0916  0.965 0.102 3

P23 Kanda et al. 85STC-1 0.38 0.81 0.106 3 P69 Saatcioglu et al. BG-1 0.905 0.965 0.102 3

P24 Kanda et al. 85STC-2 0.38 0.81 0.106 3 P70 Saatcioglu et al. BG-2 0916 0.965 0.211 3

P25 Kanda et al. 85STC-3 0.38 0.81 0.106 3 P71 Saatcioglu et al. BG-4 0905 0965 0.211 3

P26 Kanda et al. 85PDC-1 0.38 0.81 0.119 3 P72 Saatcioglu et al. BG-5 0916  0.965 0.143 3

P27  Muguruma et al. AL-1 1.616 1.9 0.4 25 P73 Saatcioglu et al. BG-6 0.905 0.965 0.143 3

P28  Muguruma et al. AH-1 1.616 1.9 0.4 25 P74 Saatcioglu et al. BG-7 0.623  1.07 0.113 35
P29  Muguruma et al. AL-2 1.616 1.9 0629 25 P75 Saatcioglu et al. BG-8 0.623 1.07 0.158 35
P30  Mugumura et al. AH-2 1.616 1.9 0.629 25 P76 Saatcioglu et al. BG-9 0.623  1.07 0216 3.5
P31  Muguruma et al. BH-1 1.616 1.9 0254 25 P77 Saatcioglu et al. BG-10 0.599  1.07 0111 35
P32 Muguruma et al. BL-2 1.616 1.9 0423 25 P78 Matamoros et al. C10-10N  0.599 1.07  0.156 35
P33 Muguruma et al. BH-2 1.616 1.9 0423 2.5 P79 Matamoros et al. C10-10S  0.599  1.07 021 35
P34 Sakai et al. B1 0.524 1.215 0.35 2 P80 Matamoros et al. C10-20N  0.577 1.07  0.107 3.5
P35 Sakai et al. B2 0.785 1.215 0.35 2 P81  Matamoros et al. C10-20S ~ 0.577 1.07 0.154 35
P36 Sakai et al. B4 0.524 1.215 0.35 2 P82  Matamoros et al. C5-20N  0.623  1.225 0.2 3.92
P37 Sakai et al. B5 0.524% 1.215 0.35 2 P83 Matamoros et al. C5-20S 0.706  1.225 0.1 3.92
P38 Sakai et al. B6 0.513 1.215 0.35 2 P84 Mo et al. C1-1 0.706  1.225 0.2 3.92
P39 Atalay et al. No. 4S1 0.366% 0.815 0.104 55 P85 Mo et al. C1-2 0.564 1.225 0.2 3.92
P40 Atalay et al. No. 5S1 0.612  0.815% 0.195 55 P86 Mo et al.C1-3 0.471  1.225 0.2 3.92
P41 Atalay et al. No. 6S1 0.366 0.815 0.181 55 P87 Mo et al. C2-1 0.403  1.225 0.2 3.92
P42 Atalay et al. No.9 0.612  0.815% 0259 55 P88 Mo et al.C2-2 1.863 1.075 0.14 6.56
P43 Atalay et al.No. 10 0.366 0815 0266 55 P89 Mo et al. C2-3 1.863 1.075 0.277 6.56
P44 Atalay et al. No. 12 0.366 0.815 0271 55 P90 Mo et al. C3-1 0.86 1.075 0.136  6.56
P45  Azizinamini et al. NC-4  0.517 0.97 0.31 3 P91 Mo et al. C3-2 2033 1.075 053 6.56
P46 Saatcioglu et al. U3 0.598 1.605  0.141 286 P92 Thomsen et al. A3 1.863 1.075 0.506 6.56

values. The maximum absolute error between the two sets of
values is within 20%, which suggests that the estimation
model proposed in [17] exhibits high accuracy in estimating
the cumulative energy consumption of reinforced concrete
components without axial force.

In order to verify the applicability of the estimation

model for reinforced concrete components with axial force,
the original data of 92-reinforced concrete components were
extracted from the PEER database based on the following
criteria: (1) presence of axial force, (2) rectangular cross-
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FIGURE 3: Experimental values and estimated values of cumulative
energy consumption for 92-reinforced concrete components with
axial force.

section, and (3) bending failure as the failure mode. The
design parameters for 92-reinforced concrete components
with axial force are shown in Table 2.

Figure 3 shows the experimental values and estimated
values of cumulative energy consumption for 92-reinforced
concrete components with axial force. The horizontal axis is
the experimental values of cumulative energy consumption,
and the vertical axis is the estimated values of cumulative
energy consumption. The red solid line represents the y=x
line, the green solid line represents the +40% error line. It
can be seen from the Figure 3 that the data points are dis-
tributed around the red solid line but with significant disper-
sion. The maximum absolute error is around 40%. This
indicates that when using the estimation model of energy
consumption capacity for reinforced concrete components
without axial force to calculate the energy consumption
capacity of 92-reinforced concrete components subjected to
axial force and bending, the estimation error of cumulative
energy consumption is relatively large.

3. The Modified Estimation Model of Energy
Consumption Capacity for Reinforced
Concrete Components with Axial Forces

3.1. Estimation Error Rate of Cumulative Energy Consumption.
In order to describe the accuracy of the estimation model for
energy consumption capacity, the estimation error rate & of
cumulative energy consumption is defined as follows:

[x.
-1
/EES

where /Eex is the experimental value of cumulative energy
consumption and fEeS is the estimated value of cumulative
energy consumption.

£ = X 100%, (6)
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FiGURe 4: The estimation error rate ¢ of cumulative energy con-
sumption for 24-reinforced concrete components without axial
force.
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Figure 5: The estimation error rate ¢ of cumulative energy con-
sumption for 92-reinforced concrete components with axial force.

Figures 4 and 5 show the estimation error rate € of cumu-
lative energy consumption for 24-reinforced concrete compo-
nents without axial force and 92-reinforced concrete
components with axial force, respectively. In the Figures 4
and 5, the horizontal axis is the specimen number, and the
vertical axis is the estimation error rate € of cumulative energy
consumption. The red solid line represents the mean value of
estimation error rate, and the green solid line represents +1
standard deviation.

As shown in Figure 4, the mean value of estimation error
rate & and standard deviation of cumulative energy con-
sumption for reinforced concrete components without axial
force are 2.26% and 13.5%, respectively. This indicates that
the proposed estimation model has a high accuracy in esti-
mating the cumulative energy consumption of reinforced
concrete components without axial force. As shown in
Figure 5, the mean value of estimation error rate ¢ and stan-
dard deviation of cumulative energy consumption for rein-
forced concrete components with axial force are 4.44% and
31%, respectively. Comparing Figures 4 and 5, it can be
observed that when using the estimation model to estimate
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the reinforced concrete components with axial force, both
the accuracy and stability of the estimation model are not
ideal. In order to analyze the influencing factors that cause
the above results, the correlation between design parameters
(longitudinal reinforcement ratio p, transverse reinforce-
ment ratio p,, axial compression ratio N, and shear-span
ratio 1) and the estimation error rate & of cumulative energy
consumption is preliminarily analyzed.

Figure 6(a) shows the correlation between longitudinal
reinforcement ratio p and estimation error rate &, where the
variation range of longitudinal reinforcement ratio p is
0.625%—01.775%. Figure 6(b) shows the correlation between
the axial compression ratio N and estimation error rate ¢,
where the variation range of the axial compression ratio N is
0.1-0.8. Figure 6(c) shows the correlation between the shear-
span ratio A and estimation error rate &, where the variation
range of the shear-span ratio 4 is 2-7.64. Overall, the data
points in Figure 6(a)-6(c), exhibit significant dispersion,
indicating that there is a lack of sufficient correlation
between the longitudinal reinforcement ratio p, axial com-
pression ratio N, shear-span ratio 4, and the estimated error
rate ¢ of cumulative energy consumption.

Figure 6(d) shows the correlation between transverse
reinforcement ratio p, and estimation error rate &, where
the variation range of transverse reinforcement ratio p is
0.098%-1.863%. From Figure 6(d), it can be observed that
there is a certain linear relationship between the transverse
reinforcement ratio p, and the estimation error rate ¢ of
cumulative energy consumption. As the transverse reinforce-
ment ratio p, increases, the estimation error rate ¢ gradually
decreases. Therefore, the modification of the estimation
model will focus on the transverse reinforcement ratio p.

3.2. The Modified Estimation Model of the Energy
Consumption Capacity. According to the estimation model
of energy consumption capacity for reinforced concrete
components without axial force, only Formula (4) contains
the transverse reinforcement ratio p; in the entire estimation
process. Therefore, the modification of the estimation model
of the energy consumption capacity focuses on parameter /.
Previous research has found that by modifying the magni-
tude of the transverse reinforcement ratio p,, it is possible to
effectively change the estimated value of cumulative energy
consumption and continuously reduce the estimation error
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FiGure 7: The relationship between parameter f, modified parame-
ter Pmodified annd the transverse reinforcement ratio p,.

rate € of energy consumption capacity to an ideal state [17].
Therefore, in order to achieve an estimation error rate ¢ of
energy consumption capacity within £5% and determine the
modified transverse reinforcement ratio p; modified> regression
equations are used [18].

By substituting the modified transverse reinforcement
ratio pymodified into Formula (4), the modified parameter
Prmodifiea €an be obtained. To further explore the relationship
between parameter 5, modified parameter f,odifed> and the
transverse reinforcement ratio p, the data of the three vari-
ables are summarized in Figure 7. The vertical axis is the
ratio of the modified parameter f,oqifeq to the parameter
p, and the horizontal axis is the transverse reinforcement
ratio py.

As shown in Figure 7, the ratio of the modified parameter
Pmodified to the parameter f increases linearly with the
increase of the transverse reinforcement ratio p,. By linearly
fitting the data points in Figure 7, the Formula (7) can be
obtained as follows:

% = 179.22p, — 0.0059. (7)

Bring Formula (7) into Formula (4), the modified param-
eter Prodified can be obtained as follows:

4'25pt—0.11

T (179.22p, — 0.0059). (8)
k t

ﬂ modified —

By replacing the Formula (4) with Formula (8), the mod-
ified estimation model of energy consumption capacity for
reinforced concrete components with axial forces can be
obtained.

4. Evaluation of Modified Estimation Model

Figure 8 shows the estimated error rate £ of cumulative
energy consumption for 92-reinforced concrete components
with axial force calculated by the modified estimation model.
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FiGUREe 8: The estimation error rate of cumulative energy consump-
tion for 92-reinforced concrete components with axial force calcu-
lated by the modified estimation model.

In the Figure 8, the horizontal axis is the specimen number
and the vertical axis is the estimation error rate & of cumula-
tive energy consumption. The red solid line represents the
mean value of estimation error rate, and the green solid line
represents plus or minus one standard deviation.

As shown in Figure 8, the mean value and standard
deviation of the estimation error rate e calculated by the
modified estimation model are 1.69% and 22.6%, respec-
tively. By comparing Figure 8 with Figure 5, it can be
observed that the mean value of estimation error rate ¢ is
reduced by 2.75% compared to the original estimation
model, and the standard deviation of estimation error rate
€ is reduced by 8.4% compared to the original estimation
model. This indicates that the accuracy and stability of the
modified estimation model have been improved when esti-
mating the reinforced concrete components with axial force.

To describe the accuracy of the modified estimation
model, the Pearson correlation coefficient r is used to evalu-
ate the experimental value and estimated value, the closer the
Pearson correlation coefficient r is to 1, the closer the esti-
mated value is to the experimental value. The Pearson cor-
relation coefficient r is defined as follows:

o Y(X-X)(Y-Y) ’
VEIE-X)?5(r-7)?

©)

where X and Y represent the values of two variables. When
0.8<r<1.0, it indicates a very high correlation, when
0.7 <r<0.8, it indicates a high correlation; when 0.4 < r<0.7,
it indicates a moderate correlation; when 0.2 <r<0.4, it indi-
cates a low correlation; when 0<r<0.2, it indicates no
correlation.

Figure 9(a) shows the experimental values and estimated
values calculated by the original estimation model for
92-reinforced concrete components with axial force, and
Pearson correlation coefficient r is 0.921. Figure 9(b) shows
the experimental values and estimated values calculated by
the modified estimation model for 92-reinforced concrete
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FiGURE 9: The experimental values and estimated values. (a) The experimental values and estimated values calculated by the original
estimation model. (b) The experimental values and estimated values calculated by the modified estimation model.
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FiGure 10: The experimental values and estimated values calculated by the modified estimation model. (a) The experimental values and
estimated values calculated by the modified estimation model of cumulative energy consumption in the range of 0-250,000 kN mm. (b) The
experimental values and estimated values calculated by the modified estimation model of cumulative energy consumption in the range of

250,000-600,000 kKN mm.

components with axial force, and Pearson correlation coeffi-
cient r is 0.934. It can be seen that the estimated values calcu-
lated by the modified estimation model are closer to the
experimental values.

Figure 10(a) shows the experimental values and estimated
values calculated by the modified estimation model of cumu-
lative energy consumption in the range of 0-250,000 kN mm,
and Pearson correlation coefficient r is 0.976. Figure 10(b)
shows the experimental values and estimated values calcu-
lated by the modified estimation model of cumulative energy
consumption in the range of 250,000-600,000 kN mm, and
Pearson correlation coefficient r is only 0.301. It can be seen
that the modified estimation model has high accuracy in esti-
mating cumulative energy consumption in the range of
0-250,000 kN mm. When the cumulative energy consump-
tion exceeds 250,000 kN mm, the accuracy of the modified
estimation model in estimating cumulative energy consump-
tion is relatively low. This phenomenon may be related to the

cumulative energy consumption of the designed specimens in
[17] (the cumulative energy consumption is in the range of
0-100,000 kKN mm).

5. Conclusions

To study energy-based seismic design methods, it is neces-
sary to accurately predict the energy consumption capacity
of reinforced concrete members under earthquake forces. In
this paper, the estimation model of energy consumption
capacity for reinforced concrete components with axial force
is proposed by modifying the estimation model of energy
consumption capacity for reinforced concrete components
without axial force. Based on the results of this study, the
following conclusions have been reached:

(1) When using the estimation model of energy consump-
tion capacity for reinforced concrete components
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without axial force to calculate the energy consumption
capacity of reinforced concrete components with axial
force, the estimation deviation rate of cumulative
energy consumption is relatively large.

(2) The modified estimation model for predicting the
energy consumption capacity of reinforced concrete
components with axial force is proposed, and the
accuracy of the modified estimation model is high
when the cumulative energy consumption is in the
range of 0-250,000 KN mm.

(3) To enhance the applicability of the proposed estima-
tion method, effective and sufficient experiments
should be conducted to refine the proposed estima-
tion model when the energy dissipation capacity
exceeds 250,000 kN mm.
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