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Abstract 

The seismic performance of reinforced concrete buildings depends on adequate structural strength and 
the ability to sustain lateral deformation beyond the elastic range. This study evaluates the structural 
capacity and seismic performance of a ten-story reinforced concrete building by integrating linear 
structural assessment with nonlinear static pushover analysis. The evaluation considers modal 
characteristics, mass participation, interstory drift, beam and column capacities, pushover capacity 
curves, plastic hinge development, and seismic performance levels in the X and Y directions. The modal 
analysis incorporates twelve vibration modes, achieving cumulative translational mass participation 
ratios of 94.13% and 94.08% in the X and Y directions, respectively. The beam capacity assessment 
indicates a nominal flexural strength of 186.96 kN·m against a factored moment demand of 64.92 kN·m, 
while the evaluated column exhibits a reduced axial capacity of 6407.29 kN against an axial demand of 
1627.27 kN. The pushover analysis reveals maximum base shear capacities of 17,110.19 kN at a roof 
displacement of 0.715 m in the X direction and 16,301.71 kN at 0.699 m in the Y direction, indicating 
approximately 5.0% greater lateral resistance in the X direction. Plastic hinges progressively develop 
predominantly within the lower and intermediate stories as lateral displacement increases. The ATC-40 
capacity spectrum assessment identifies performance-point base shears of 14,944.62 kN and 14,907.81 kN 
in the X and Y directions, respectively. Both directions are classified within the Damage Control (SP-2) 
performance level, situated between Immediate Occupancy (SP-1) and Life Safety (SP-3). These findings 
indicate that the investigated building possesses adequate structural member capacity and maintains 
lateral resistance under the evaluated seismic demands, while exhibiting moderate directional differences 
in nonlinear deformation response.  

 
Keywords: reinforced concrete building; seismic performance; structural capacity; nonlinear 

static analysis; pushover analysis; plastic hinge; ATC-40. 
 

1.  Introduction 

Reinforced concrete (RC) buildings in seismic regions require assessment methods 
that can identify global lateral response and local member demand beyond the elastic range. 
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Linear analysis remains useful for routine design. It does not directly describe stiffness 
degradation, force redistribution, plastic-hinge formation, or displacement at a selected 
performance state. Recent nonlinear studies show that these response quantities can vary 
markedly even among buildings with comparable structural systems. Encalada et al. (2026) 
examined two existing RC frame–flat-slab buildings and reported maximum interstory drifts 
of 3.6% under BSE-1E and 8.8% under BSE-2E. Under BSE-2E, instability occurred when the 
stability coefficient exceeded 0.33 and lateral strength loss surpassed 20%. Displacement 
demands were about twice the corresponding capacities. Up to 20% of beams and 10% of 
columns exceeded the adopted damage thresholds. Repapis (2016) performed more than 
1000 nonlinear analyses on five- and seven-story RC buildings. The study included 
incremental dynamic analyses with 15 ground-motion records and showed that nonlinear 
static estimates could remain within the range of dynamic predictions yet differ substantially 
from their mean values. Zameeruddin and Sangle (2021) evaluated 15 RC moment-resisting 
frames. The frames covered five building heights: 4, 6, 8, 10, and 12 stories. Each height was 
modeled with one, three, and five bays. Story height was 3 m and bay length was 4 m. For the 
four-story three-bay frame, base shear reached 333.21 kN under a uniform pattern and 
240.16 kN under the code-based pattern, while roof displacement remained close at 26.6 and 
26.2 cm for these cases. 

Nonlinear static pushover analysis is widely used because it represents structural 
yielding through a capacity curve of base shear versus control-node displacement. The 
procedure permits inspection of hinge sequence and deformation demand. Its reliability still 
depends on lateral-load distribution and higher-mode effects. Krawinkler and Seneviratna 
(1998) showed that pushover analysis can estimate inelastic strength and deformation 
demands but may become inadequate when a fixed load pattern cannot reproduce the 
governing dynamic response. Fazarinc et al. (2024) represented pushover response by a 
trilinear model governed by 12 structural parameters. The model was applied to 109 
university buildings covering more than 300,000 m². The existing stock had one-half the 
limit-state peak-ground-acceleration capacity of the new-building scenario. Numerical 
representation also affects predicted response. Zendaoui et al. (2016) compared four 
nonlinear modelling approaches against a four-story RC frame test. Force-based formulations 
required at least four integration points; five points produced stabilized predictions. 
Displacement-based formulations required at least four elements for acceptable accuracy. 
ATC-40 applications show how a capacity curve is translated into a performance level. Pierre 
and Hidayat (2020) classified the X- and Y-direction responses as Immediate Occupancy 
because the maximum drift of 0.00047 remained below the adopted 0.005 limit. Safarizki et 
al. (2013) reported target displacements of 0.188 m in the X direction and 0.132 m in the Y 
direction for an existing RC building using 19.3 MPa concrete and 320 MPa reinforcement 
steel. Its initial response was classified between Life Safety and Collapse Prevention. Steel 
bracing reduced target displacement by approximately 16–55%. 

Building height and floor system influence lateral stiffness and displacement demand. 
Member strength and stiffness distribution also affect the relationship between lateral 
resistance and deformation. A pushover result is therefore more informative when it is 
interpreted together with modal properties, interstory drift, and member capacity checks. 
Abd-Elhamed et al. (2023) evaluated 5-, 10-, and 15-story RC buildings with solid-slab, 
hollow-block, and flat-slab systems. For the 10-story models, the reported base-shear 
coefficients were 0.090, 0.063, and 0.055 for the three floor systems. Peak roof-drift ratios 
reached 0.78%, 1.00%, and 1.35%. Relative to the solid-slab model, the hollow-block and flat-
slab models developed roof-drift ratios that were about 22% and 73% higher. Ariyanto et al. 
(2026) studied 8-, 10-, and 12-story RC special moment-resisting frames with the same total 
height of 30 m. The 12-story configuration had a natural period of 1.559 s and a base-shear 
capacity of 8722 kN. The eight-story model reached the largest drift ratio of 1.072%, while all 
three models were classified at the Life Safety performance level. These findings show that 
story number or base-shear capacity alone does not describe seismic performance. The 
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present study assesses a ten-story RC building by integrating structural capacity evaluation 
with nonlinear static pushover response in the principal X and Y directions. The assessment 
includes modal characteristics and base reaction. It examines story drift, stiffness, beam and 
column capacity, base-shear–displacement curves, plastic-hinge development, and the ATC-
40 performance point so that global seismic demand and local resistance are evaluated 
within the same analytical framework. 

 

2. Methodology 

2.1.  Structural Model and Linear Seismic Assessment 
 The ten-story reinforced concrete building was represented using a three-

dimensional analytical model developed in SAP2000 (Computers and Structures, Inc., 
CSI) to evaluate its elastic seismic characteristics before the nonlinear assessment. The 
software was employed to perform both linear structural analysis and nonlinear static 
pushover analysis within a consistent numerical modeling framework. The linear 
assessment included modal analysis, base reactions, response-spectrum analysis, and 
interstory displacement evaluation in the two principal horizontal directions. Twelve 
vibration modes were extracted, and the cumulative translational mass participation 
ratios were verified against the adopted minimum requirement of 90% in both the X 
and Y directions. Modal periods and mass participation ratios were evaluated to 
identify the dominant translational and torsional characteristics of the structural 
system. Static seismic and response-spectrum load cases were analyzed separately to 
compare their corresponding base shear values. The dynamic base shear was required 
to reach at least 85% of the static base shear. When this criterion was not satisfied, the 
response-spectrum results were adjusted using a scale factor calculated from the ratio 
of 0.85Vstatic to Vdynamic. Interstory displacements were obtained from the SAP2000 
response-spectrum analysis at representative floor joints. A typical story height of 3800 
mm was adopted for drift evaluation, together with a deflection amplification factor 
(Cd) of 5.5 and an importance factor (I) of 1.0. The allowable interstory displacement 
was set at 95 mm. The linear analysis established the initial structural stiffness, modal 
characteristics, lateral-force demands, and deformation profiles, providing a reference 
for evaluating the subsequent nonlinear capacity and plastic-hinge response. 
 

2.2.  Structural Member Capacity Assessment 
 Structural member capacity was evaluated separately for representative 

reinforced concrete beam and column sections to determine whether the gravity and 
seismic force demands remained below the calculated section strengths. The beam 
assessment used a rectangular section with a width of 350 mm, an overall depth of 600 
mm, and a span of 6000 mm. The specified concrete compressive strength was 35 MPa, 
while the longitudinal reinforcement yield strength was 420 MPa. A strength -reduction 
factor of 0.90 was adopted in the flexural calculation. The effective depth, 
reinforcement ratio, minimum steel area, provided reinforcement area, neutral -axis 
depth, and equivalent compression-block depth were calculated in sequence. The 
flexural demand used in the calculation was 64.92 kN·m. The nominal moment strength 
was obtained from force equilibrium between the tensile reinforcement and the 
concrete compression block, and the resulting section strength was compared directly 
with the applied factored moment. Column capacity was assessed using a 750 mm by 
750 mm section with a concrete compressive strength of 35 MPa and reinforcement 
yield strength of 420 MPa. The evaluated column demand consisted of an axial load of 
1627.274 kN, a bending moment of 186.61 kN·m, and a shear force of 44.312 kN. Axial -
flexural behavior was checked through eccentricity, balanced axial strength, required 
nominal strength, reinforcement area, strain compatibility, and the Whitney equivalent 
stress block. A strength-reduction factor of 0.65 was applied to the axial resistance. 
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Column shear resistance and transverse reinforcement spacing were also checked. The 
member calculations followed reinforced concrete strength provisions in SNI 
2847:2019. 
 

2.3.  Nonlinear Static Pushover and Performance Assessment 
Nonlinear static pushover analysis was performed using SAP2000 independently 

in the X and Y directions to evaluate the lateral load-carrying capacity and progression 
of inelastic structural behavior. Two nonlinear load cases, PUSH -X and PUSH-Y, were 
considered. Lateral loads were incrementally increased while the displacement of the 
control point and corresponding total base shear were recorded at each converged 
analysis step. The resulting pushover capacity curves were expressed as relationships 
between base shear and monitored displacement. Plastic-hinge development was 
evaluated using the performance ranges A–B, B–IO, IO–LS, LS–CP, CP–C, C–D, D–E, and 
Beyond-E to identify the sequence of yielding and redistribution of inelastic demands. 
Eight nonlinear analysis steps were obtained for the X direction, while ten steps were 
obtained for the Y direction. Structural performance was subsequently evaluated using 
the ATC-40 Capacity Spectrum Method implemented through the SAP2000 nonlinear 
analysis results. The pushover capacity curves were transformed into spectral 
acceleration–spectral displacement coordinates and compared with the seismic demand 
spectrum to determine the performance point. The corresponding displacement was 
normalized relative to the structural height to evaluate the global deformation response 
and interpret the structural performance level according to ATC-40 criteria, including 
Immediate Occupancy (SP-1), Damage Control (SP-2), and Life Safety (SP-3). The 
nonlinear results were integrated with the previously evaluated modal characteristics, 
interstory drifts, base shear demands, and member capacities to assess global lateral 
resistance, deformation demands, plastic-hinge progression, and section-level 
structural performance. Differences between the X and Y directions were evaluated to 
characterize the directional dependence of the building's seismic response.  

 
3.  Results and Discussion 

3.1.  Lateral Load-Carrying Capacity and Pushover Response 
 As shown in Figure 1, the pushover capacity curves describe the relationship between 

resultant base shear and monitored control-point displacement for loading in the principal X 
and Y directions. The X-direction response reaches a maximum base shear of 17,110.19 kN at 
a displacement of 0.7146 m, whereas the Y-direction response reaches 16,301.71 kN at 
0.6992 m. The maximum lateral resistance in the X direction is therefore about 5.0% higher 
than that in the Y direction, while the corresponding maximum displacement is about 2.2% 
larger. At the first loaded step, the secant stiffness calculated from the base shear-to-
displacement ratio is approximately 29.1 MN/m for PUSH-X and 27.7 MN/m for PUSH-Y, 
indicating a directional stiffness difference of about 4.8%. At the final point, these ratios 
decrease to approximately 23.9 and 23.3 MN/m, respectively. This reduction is consistent 
with progressive loss of effective lateral stiffness as reinforced concrete members enter the 
inelastic range. Krawinkler and Seneviratna (1998) described the base shear–roof 
displacement curve as a direct representation of strength and deformation response, while 
also emphasizing that the reliability of conventional pushover analysis depends on how well 
the selected lateral load pattern represents the governing dynamic response. Zameeruddin 
and Sangle (2021) similarly showed that lateral load distribution can materially change the 
capacity curve; for their four-story three-bay RC frame, ultimate base shear varied from 
240.16 to 333.21 kN although the associated roof displacement remained close to 26.2–26.6 
cm. This further confirms that the system exhibits modest asymmetry while maintaining 
broadly comparable nonlinear response characteristics under both loading directions. 
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Figure 1. Pushover capacity curves of the ten-story reinforced concrete building: (a) 
pushover response in the X direction and (b) pushover response in the Y direction 
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The shape of Figure 1 also shows that the structural response is not governed by a 
single constant stiffness over the full displacement range. The increase in base shear becomes 
less proportional to displacement at the larger analysis steps, which suggests redistribution 
of internal forces and progressive nonlinear action. This trend is more evident in the Y 
direction, where the numerical output includes reductions in base shear from 12,376.89 to 
12,318.24 kN and from 12,634.58 to 12,618.75 kN while displacement continues to increase. 
These reductions are approximately 0.47% and 0.13%, respectively, and should be 
interpreted as local changes in the global resistance path rather than as an immediate 
indication of collapse. Repapis (2016), based on more than 1000 nonlinear analyses of 
existing RC buildings, reported that pushover capacity curves provide useful estimates of 
initial stiffness, maximum strength, and global yield displacement, although target 
displacement estimates can differ from the mean response obtained through incremental 
dynamic analysis. For one investigated building, pushover target displacement ranged from 
6.5 to 9.2 cm, compared with a dynamic-analysis range of 2.8–10.0 cm and a mean of 6.0 cm. 
Abd-Elhamed et al. (2023) also demonstrated the sensitivity of lateral response to structural 
stiffness in ten-story RC buildings; normalized base shear coefficients of 0.090, 0.063, and 
0.055 were reported for solid, hollow-block, and flat-slab systems, with pushover roof drift 
ratios of 0.78%, 1.00%, and 1.35%. Fazarinc et al. (2024) further treated load-bearing 
strength and deformation capacity as distinct but coupled parameters of the pushover curve, 
supporting interpretation of the present X–Y difference through both resistance and 
displacement rather than maximum base shear alone. 

 
3.2.  Plastic Hinge Development under X-Direction Pushover Loading 

 Figure 2(a–h) shows the progressive development of plastic hinge states in the ten-
story reinforced concrete building during X-direction pushover loading from Step 1 to Step 8. 
At Step 1, shown in Figure 2(a), the structural members remain predominantly within the 
initial response range, with no extensive development of advanced hinge states. Plastic hinge 
activation becomes more apparent at Step 2 in Figure 2(b), particularly within the lower and 
intermediate stories. The number of activated hinge locations increases through Steps 3 and 
4, as presented in Figure 2(c) and Figure 2(d). The upper stories exhibit less pronounced 
nonlinear activity during these stages. This distribution indicates that inelastic demand 
develops first within the lower portion of the structural system, where larger story shear and 
overturning effects are generally expected under lateral loading. Zhao et al. (2011) explained 
that plastic deformation in reinforced concrete flexural members tends to localize within 
limited regions after yielding, which subsequently control the deformation capacity of the 
members. Zhang et al. (2018) also reported that the progression of plastic hinges provides a 
useful indicator of structural nonlinearity during pushover loading. Their investigation of a 
six-story reinforced concrete frame showed that changes in member properties affected the 
location and progression of both beam and column hinges. The response shown in Figure 
2(a–d) therefore provides a local representation of the onset and spatial development of 
nonlinear behavior that complements the global base shear–displacement response 
discussed in Section 3.1. 

At the later loading stages, Figure 2(e–h) shows a broader distribution of activated plastic 
hinges across the lower and intermediate portions of the structural frame. Figure 2(e) and 
Figure 2(f), corresponding to Steps 5 and 6, indicate that several hinge locations have 
progressed beyond their initial states as the monitored displacement increases. This 
progression becomes more visible in Figure 2(g) and Figure 2(h), representing Steps 7 and 8. 
Several hinge markers in the lower stories develop toward the IO–LS range, while the upper 
stories retain fewer advanced hinge states. No visually identifiable hinge in Figure 2 reaches 
the LS–CP, CP–C, C–D, D–E, or Beyond-E ranges at the displayed analysis stages. Hussein et al. 
(2021) reported a comparable tendency in reinforced concrete frames, where plastic hinges 
were concentrated mainly in the lower portions of the structures and fewer hinges developed 
in the upper stories.  
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Figure 2. Evolution of plastic hinge states in the ten-story reinforced concrete building under 
nonlinear static pushover loading in the X direction: (a) Step 1, (b) Step 2, (c) Step 3, (d) Step 

4, (e) Step 5, (f) Step 6, (g) Step 7, and (h) Step 8. 
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Mitropoulou et al. (2022) also showed that hinge-state distributions can remain within the B–
IO and IO–LS ranges even after extensive nonlinear response develops. In their strengthened 
RC system, 35 hinges were obtained under uniform negative X-direction loading, including 10 
hinges within B–IO and 25 within IO–LS. Le and Pham (2024) further demonstrated that 
plastic-hinge modelling assumptions influence nonlinear static predictions, with differences 
of approximately 1.26–2.16% in base shear and 3.89–4.05% in target displacement between 
concentrated and distributed hinge formulations. The development shown in Figure 2 
therefore represents the modelled redistribution of inelastic deformation as X-direction 
lateral demand increases. This progression indicates that localized yielding gradually spreads 
across structural components while preserving an overall stable and interpretable nonlinear 
deformation pattern. 
 
3.3.  Plastic Hinge Development under Y-Direction Pushover Loading 

 Figure 3(a–h) presents the development of plastic hinge states in the ten-story RC 
building under pushover loading in the Y direction. The early analysis stages show limited 
hinge activation, with the nonlinear response concentrated in the lower stories. As lateral 
displacement increases, additional hinge locations appear in the lower and intermediate 
levels, while the upper stories remain less affected. This vertical distribution is consistent 
with the larger story shear and overturning demand that develop toward the base of a 
moment-resisting frame. The hinge pattern also indicates that yielding does not occur 
simultaneously throughout the building. Instead, local inelastic actions spread gradually as 
lateral demand increases. Hussein et al. (2021) observed similar sensitivity of hinge 
distribution in 30 reinforced concrete frame models analyzed by nonlinear static procedures, 
where changes in story height and span arrangement altered the location and sequence of 
plastic hinge formation. Rc et al. (2024) reported distinct X- and Y-direction hinge states in 
reinforced concrete buildings subjected to pushover analysis. Their results showed that hinge 
populations progressively moved from the A–B range toward B–IO, IO–LS, and more 
advanced performance states as displacement demand increased. Kuria and Kegyes-Brassai 
(2023) tracked 51 pushover iterations in an existing RC hospital building; column hinges first 
appeared at the fourth iteration, while beam yielding began at the fourteenth iteration. The 
progression visible in Figure 3(a–d) reflects spatial redistribution of inelastic demand rather 
than uniform stiffness loss over the structural height. 

At the later stages shown in Figure 3(e–h), plastic hinge activity becomes more 
pronounced in the lower half of the frame. Several hinge markers progress from the initial B 
state toward the Immediate Occupancy range, while the upper stories exhibit fewer advanced 
hinge states. The displayed sequence does not show widespread concentration of hinges in 
the Collapse Prevention or post-C regions, although the precise state of each hinge should be 
confirmed from the numerical hinge table rather than from color inspection alone. Abass and 
Jarallah (2021) demonstrated that nonlinear hinge properties, plastic hinge length, and 
transverse reinforcement assumptions can modify the predicted capacity curve and hinge 
response of reinforced concrete frames. Their study compared four- and seven-story frames 
and emphasized the need to interpret hinge states with the selected nonlinear modelling 
parameters. Le and Pham (2024) reached a similar conclusion for a four-story reinforced 
concrete frame. They found that alternative concentrated and distributed hinge formulations 
produced differences of approximately 1.26–2.16% in base shear and 3.89–4.05% in target 
displacement. These modelling effects are relevant when Figure 3 is compared with the X-
direction response in Figure 2. The Y-direction sequence retains the strongest concentration 
of nonlinear action in the lower and intermediate stories, while the spatial spread differs 
from the pattern observed under X-direction loading. This directional variation is consistent 
with the approximately 5% lower maximum base-shear capacity previously obtained for the 
Y direction. The relationship between local hinge progression and global Y-direction capacity 
response provides the basis for evaluating three-dimensional hinge distribution and the ATC-
40 performance point in the subsequent structural performance assessment sections. 
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Figure 3. Evolution of plastic hinge states in the ten-story reinforced concrete building under 
nonlinear static pushover loading in the Y direction: (a) Step 1, (b) Step 2, (c) Step 3, (d) Step 

4, (e) Step 5, (f) Step 6, (g) Step 7, and (h) Step 8 
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3.4.  Three-Dimensional Plastic Hinge Distribution and Inelastic Response 
Mechanism 

 Figure 4 presents the three-dimensional distribution of plastic hinge states in the ten-
story reinforced concrete building at a stage of nonlinear static pushover analysis. Unlike the 
two-dimensional frame views in Figures 2 and 3, the three-dimensional representation shows 
how inelastic actions are distributed over the building height and across frame lines. Plastic 
hinge markers are visible at numerous member-end locations, with more advanced color 
states concentrated mainly within the lower and intermediate stories. The upper stories 
remain dominated by the initial hinge range, which indicates lower local inelastic demand at 
the displayed structural state. This vertical concentration is mechanically consistent with the 
larger story shear and overturning effects expected near the base of a multistory frame. The 
pattern should not be interpreted as a collapse mechanism because Figure 4 does not show 
widespread hinge progression into the D–E or Beyond-E ranges. Hussein et al. [1] analyzed 
30 reinforced concrete frame systems and examined how variations in span length and story 
height affected plastic-hinge distribution and the resulting failure mode. Their study also 
used the hinge pattern to identify the progression of nonlinear response during pushover 
loading. Kuria and Kegyes-Brassai [2] demonstrated that hinge formation can occur 
sequentially rather than simultaneously. Their existing RC hospital model required 51 
pushover iterations, with the first column hinges appearing at iteration 4 at a load factor of 
0.8641 and the first beam yielding occurring at iteration 14 at a load factor of 1.253. These 
numerical observations are comparable with the spatial progression visible in Figure 4, 
where the lower portion of the structural system exhibits a greater concentration of 
developed hinge states than the upper levels.  

 

 
Figure 4. Three-dimensional view of plastic hinge formation and structural deformation of 

the ten-story reinforced concrete building under nonlinear static pushover loading 
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Figure 5. Determination of the seismic performance point using the ATC-40 capacity 
spectrum method: (a) pushover response in the X direction and (b) pushover response in the 

Y direction 
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The three-dimensional hinge pattern provides information on how local yielding 
contributes to the inelastic response discussed in Sections 3.1–3.3. In Figure 4, advanced 
hinge states are distributed over lower-story frames rather than being confined to an isolated 
vertical line. Such spatial spreading suggests that lateral deformation is resisted by several 
frame components, although the figure does not provide hinge counts or rotations needed to 
quantify this distribution. Mitropoulou et al. [3] performed sixteen nonlinear static analyses 
on a multistory RC building and reported that structural strengthening nearly doubled the 
base shear at the performance point while reducing the corresponding deformation by 
approximately 25–30%. Their results also showed that plasticization could shift between 
column and beam ends when stiffness and strength distributions were modified. Barbagallo 
et al. [4] compared lumped-plasticity and distributed-plasticity approaches through two 
three-dimensional RC building models. Both approaches produced similar assessments for 
structures with ductile response, whereas the lumped-hinge formulation produced more 
conservative estimates for systems characterized by lower ductility or brittle mechanisms. 
Shi et al. [5] also showed that plastic-hinge performance varies with structural configuration. 
Their study compared column orientations and story levels from the first through fifth floors 
using SAP2000 and ABAQUS and identified different nonlinear response characteristics 
across the investigated levels. The concentration of advanced states within the lower portion 
of Figure 4 is therefore treated as localized inelastic demand, while the corresponding 
seismic performance level is evaluated separately from the ATC-40 capacity spectrum in 
Section 3.5. 

 
3.5.  ATC-40 Performance Point and Seismic Performance Level 

 Figure 5(a) and Figure 5(b) present the ATC-40 capacity-spectrum assessment for the 
X and Y directions. The performance point is obtained from the intersection between 
structural capacity and seismic demand in acceleration–displacement response spectrum 
coordinates. In the X direction, Figure 5(a) gives a performance-point base shear of 
14,944.624 kN at a monitored displacement of 594.207 mm. The corresponding spectral 
coordinates are Sa = 0.213 g and Sd = 475.919 mm, with an effective period of 2.994 s and an 
effective damping ratio of 9.5%. In the Y direction, Figure 5(b) gives a base shear of 
14,907.810 kN at 614.895 mm displacement. The spectral displacement increases to 491.635 
mm at the same spectral acceleration of 0.213 g, while the effective period reaches 3.045 s 
and the effective damping ratio is 9.0%. The difference in performance-point base shear 
between the two directions is only 36.814 kN, or about 0.25%, whereas the Y-direction 
displacement is 20.688 mm, or about 3.48%, greater than the X-direction value. This 
response indicates that both directions mobilize nearly comparable lateral resistance at the 
demand intersection, although the Y direction requires a larger deformation to reach that 
state. Getachew et al. [1] emphasized that performance-point displacement is a key demand 
parameter because member forces and deformations are evaluated at this displacement. 
Mahmood and Mohamad [2] also showed for a ten-story RC building that the estimated 
performance point can vary with the lateral load distribution adopted in pushover analysis. 

The performance-level calculation associated with Figure 5 places both directions 
within the Damage Control range, which corresponds to SP-2 between Immediate Occupancy 
(SP-1) and Life Safety (SP-3) in ATC-40 terminology. This classification is consistent with the 
hinge development in Figures 2–4, where nonlinear activity spreads through the lower and 
intermediate stories without progression into the most severe hinge states. The result should 
be interpreted from global displacement demand and component response, rather than from 
the performance-point intersection alone. Pierre and Hidayat [3] reported an Immediate 
Occupancy classification when the maximum drift ratio of their RC structure was 0.00047, 
below the adopted limit of 0.005. Hutama [4] obtained ATC-40 performance indices of 
0.00433 and 0.00408 in the X and Y directions for a hospital building, with both directions 
classified as Immediate Occupancy. A different response was reported by Sucipto et al. [5], 
who obtained capacity-spectrum displacements of 0.2022 m in the X direction and 0.1965 m 
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in the Y direction and classified the structure as Damage Control according to ATC-40, while 
the FEMA 440 procedure produced Life Safety. These results illustrate that performance 
classification depends on the calculated demand point, drift measure, structural properties, 
and assessment procedure. For the present building, the similar performance-point base 
shears indicate comparable demand-level resistance in both directions, while the larger Y-
direction displacement and effective period reveal a directional difference in deformation 
response. The Damage Control range indicates that inelastic response has developed beyond 
Immediate Occupancy while remaining below the Life Safety performance state, subject to 
verification of the reported drift calculations against specified ATC-40 deformation limits.  
 

4. Conclusion 

  The structural assessment shows that the ten-story reinforced concrete building 
provides adequate member strength and develops a stable nonlinear response under the 
evaluated seismic loading conditions. The beam flexural capacity reaches 186.96 kN·m 
compared with a factored moment demand of 64.92 kN·m, while the reduced column axial 
capacity reaches 6407.29 kN against an axial demand of 1627.27 kN. The pushover analysis 
indicates a maximum base shear of 17,110.19 kN at a roof displacement of 0.715 m in the X 
direction and 16,301.71 kN at 0.699 m in the Y direction, which gives approximately 5.0% 
higher lateral resistance in the X direction. Plastic hinges develop progressively within the 
lower and intermediate stories as lateral displacement increases, without widespread 
progression into the most severe hinge states at the evaluated stages. The ATC-40 capacity-
spectrum assessment gives performance-point base shears of 14,944.62 kN and 14,907.81 kN 
in the X and Y directions, with corresponding monitored displacements of 594.21 and 614.90 
mm. Both directions are classified within the Damage Control performance range between 
Immediate Occupancy and Life Safety. The study is limited to nonlinear static pushover 
analysis, which represents seismic demand through a prescribed lateral load pattern and 
cannot fully reproduce cyclic response, higher-mode interaction, record-to-record variability, 
or strength and stiffness degradation under actual earthquake ground motions. The member-
capacity assessment is also based on the selected structural sections and modelling 
assumptions used in the analytical model. Further investigation is therefore recommended 
using nonlinear time-history analysis with a representative suite of ground-motion records. 
Sensitivity studies on hinge properties, material nonlinearities, geometric nonlinearities, soil–
structure interaction, and modelling uncertainty are also required to verify the predicted 
performance point and directional seismic response of the building. 
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