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ABSTRACT 

The Medical Faculty Building of Universitas Muhammadiyah Surakarta is a building with six floors of lectures planned able to withstand 

the maximum earthquake load forces to the earthquake area 3. With the new facility in the world of construction especially in analyzing a 
structure-based force of quake happens, namely one with pushover analysis. This analysis uses the improved lateral load (increment) 

gradually until the onset of the plastic hinge and collapsed. This analysis objectives at knowing the capacity curves, peformance point, and 

formation stages of plastis hinge until the building collapsed structures. Research methods using pushover analysis procedure for A method 
of spectrum capacity ATC-40. This performance analysis by providing lateral static force with multiplier gradually until a point of 

reference the structure undergoes a displacement. Planning with partially ductile designing a scheme collapse joint plastis occur in beams 

first and then followed by the last column. By providing a static earthquake force on Y direction by gradually until the building collapsed. 
The results of the analysis showed that the largest base shear force was 1030,184 tons in the 4th step pushover analysis. Based on the 

capacity curves obtained peformance point shows base share force Vt = 706,779 tons displacement at the 3rd step is 1,2695 m > 0,093 m 

(Dt). The performance of the structure does not cross the line IO (Immediate Occupancy). Maximum total drift is 0,0041 and a maximum 
total drift inelastic is 0.003. Thus shows that the building be reviewed is included in levels of Immediate Occupancy (OI). On the third 

itration, condition of plastis hinges when earthquake force exceeded still to stage a performance of Immediate Occupancy. But the 

pushover analysis will be impose the structure for suffered a collapse with the indicated first on the 16th step and itration stop at 6th step. 
The results of the last itration has a very far itration distance when peformance point shows partially ductile concept namely weak beam 

strong column is not achieved. With shown by the first plastis hinge decreased performance on the column. However the building 

peformance in the earthquake force plan shows very good results, building in the Immediate Occupancy performance. So if an earthquake 
with maximum force then the structure will only be having a bit of damage to structures and non-structure and the building can be directly 

reused. 

Keywords : Capasity Curve, Immediate Occupancy, Peformance Point, Pushover Analysis, Static Analysis, Static Nonlinier. 

               

ABSTRAK 

Gedung Fakultas Kedokteran Universitas Muhammadiyah Surakarta merupakan gedung perkuliahan dengan enam lantai yang 
direncanakan mampu menahan gaya beban gempa maksimum untuk daerah gempa 3. Dengan adanya sarana baru dalam dunia konstruksi 

terutama dalam menganalisis sebuah struktur berbasis gaya gempa yang terjadi yaitu salah satunya dengan analisis pushover. Analisis ini 

menggunakan beban lateral yang ditingkatkan (increment) secara bertahap sampai terjadinya sendi plastis dan mengalami keruntuhan. 
Analisis ini bertujuan mengetahui kurva kapasitas (curve capacity), titik kinerja (peformance point), dan tahapan-tahapan terbentuknya 

sendi plastis sampai gedung mengalami keruntuhan struktur. Metode penelitian menggunakan Prosedur A analisis pushover metode 

capacity spectrum ATC-40. Analisis kinerja ini dengan memberikan gaya lateral static dengan faktor pengali secara bertahap sampai titik 
acuan struktur mengalami perpindahan (displacement) tertentu. Perencanaan gedung dengan daktail parsial mendesain sebuah skema 

keruntuhan sendi plastis terjadi pada balok terlebih dahulu dan kemudian diikuti terakhir oleh kolom. Dengan memberikan gaya gempa 

statik searah Y dengan bertahap sampai gedung mengalami keruntuhan. Hasil analisis menunjukkan bahwa gaya geser dasar terbesar 

adalah 1030,184 ton pada step ke-4 pushover analysis. Berdasarkan kurva kapasitas didapatkan peformance point yang menujukkan gaya 

geser dasar Vt = 706,779 ton, displacement pada step ke-3 adalah 1,2695 m > 0,093 m (Dt). Kinerja struktur tidak melewati batas IO 

(Immediate Occupancy). Maksimum total drift adalah 0,0041 dan maksimum total drift inelastic adalah 0,003. Dengan demikian 
menujukkan bahwa gedung yang ditinjau termasuk dalam level Immediate Occupancy (OI). Pada itrasi ketiga kondisi sendi plastis ketika 

gaya gempa rencana terlampaui masih sampai tahap kinerja Immediate Occupancy. Tetapi analisis pushover memaksa struktur untuk 

mengalami keruntuhan dengan ditunjukkan pertama pada step ke-16 dan itrasi berhenti pada step 18. Hasil itrasi terakhir mempunyai jarak 
itrasi yang sangat jauh saat peformance point menunjukkan konsep daktail parsial yaitu balok lemah kolom kuat tidak tercapai. Dengan 

ditunjukkan oleh keadaan sendi plastis yang pertama mengalami penurunan kinerja pada kolom. Walaupun peforma gedung pada gaya 

gempa rencana menunjukkan hasil yang sangat baik dan aman, gedung pada kondisi Immediate Occupancy. Sehingga jika terjadi gempa 
dengan gaya maksimum maka struktur hanya akan mengalami sedikit kerusakan struktur dan non struktur dan gedung dapat langsung 

digunakan kembali. 

Kata Kunci : Analisis Statik, Capasity curve, Immediate Occupancy, Peformance Point, Pushover Analysis,  Static 
Nonlinier. 

 

INTRODUCTION 

Geographical condition of Indonesia which is located at the 

confluence of the two largest physical tectonic line i.e. sirkum the 
Pacific and Mediterranean. This results in Indonesia is very prone 

to quake. By looking at the case in civil engineering, it is of 

concern in designing a building earthquake resistant. In planning 
the building designs structures largely determine whether the 

building can stand perfectly or not. For it required careful 

 consideration and calculations so that the resulting product according 

their functions. 
Indonesia has recorded history Quake enough to make 

consideration in planning the structure of the building. As an example of 

earthquake events of the 2006 earthquake in Yogyakarta, Padang, West 
Sumatra in 2009, as well as the events of the 2010 earthquake in 

Sinabang Nangroe Aceh Darusalam which caused damage to the structure 

is serious enough in some building structures with different type of 
collapse. This confirms to the experts structure particularly in Indonesia 



 

for earthquake load considering plans on the structure as a step 
anticipated in case of earthquake. 

At the time of the earthquake expected building structures able to 

accept a certain level of earthquake force without significant damage. 
Although in the end the building collapsed due to the earthquake force, at 

least structures form the nonlinear behavior on post-natal elastic so that 

building as well as its contents are more assured of its safety. Following 

some cases collapse structure withstand the earthquake load : 

 
Figure 1. Structural Damage Mall Saphir Yogyakarta Square 2006 

 

 
Figure 2. Structural Damage Bank Indonesia Padang 2009 

 

 
Figure 3. Structural Damage Bank Indonesia Padang 2009 

 
See how the danger if a building collapsed at the time of the earthquake. 

For that very need to building planned and analysed in order to ensure the 

safety of the building and the user. In the present direction of the 
planning method of earthquake resistant switched from approach strength 

(force based) approach toward performance (performance based) where 

the structure of the planned against some level of performance. To know 
the performance of the structure while receiving the brunt of the quake, 

then needed a simple nonlinear analysis but quite accurate. One way 

nonlinear analysis that can be used is the Capacity Spectrum Method 
utilizing nonlinear static thrust loads analysis (nonlinear static pushover 

analysis) that use the structure as target performance planning. 

Performance based planning requires adequate performance (level of 
performance) is desired for a given level of earthquake load with a period 

certain reset by assigning three levels of performance, namely the 

serviceablity limit state control performance, damage structures (damage 
control limit state) and the performance of safety (safety limit state). 

Nonlinear Static Pushover Analysis well enough to accurately predict the 

pattern of the collapse of a building due to the earthquake.  
 

 

 
 

Research Objective 

The problems faced in this final project work is as follows : 

1. How are the hinges collapse pattern plastis building after analyzed 

with a pushover? 
2. How the results output analysis on use of the pushover SAP2000 v. 

15? 

3. Whether the results of the analysis showed that the building would be 

able to behave after a nonlinear collapse? 
 

LITERATURE REVIEW 

Earthquake Force Effect To Structure 

Quake force influence is big enough to secure a decisive factor 

structure. Prior to the building being built on earthquake-prone areas such 

as in Indonesia. Strength of the movement of the ground due to 
earthquakes are known as intensity. Three components are noted by the 

registrar tool accelerograf for earthquake response of a structure that is 

the amplitude, frequency and duration. During the quake will be recorded 
one or more peak vibration that is referred to as the maximum effect of 

the earthquake.  Occurrence of an earthquake caused the vibration on 

soils which are then transmitted to the energy of the vibrating structure. 
Movement of the earthquake in the form of vertical or horizontal. Vertical 

movements only slightly affect the vertical force that works on the 

structure, the building is often planned with a safety factor against a 
vertical force is quite high. Therefore rarely found the building will 

collapse by earthquake vertical force. Opposite force of horizontal 

earthquake will strike the weak points on  structure that is not too strong 
and will cause the collapse. For it is need for reinforcement purposes on 

the weak spots that are generally not sufficient to withstand horizontal 

force of earthquake. Structure of against ground motion causes force of 
inertia due to tendency of mass building. The magnitude of the horizontal 

inertial force of F depending on the mass of building, the acceleration of 

a surface structure and properties. If structure of the building against rigid 
Foundation then according to Device law F = m.a two but in different 

reality because all structure is not a component of a rigid, but flexible. 

Even a building can vibrate with different forms because the force of the 
earthquake that could cause the floor at various levels have acceleration 

in different directions. The force of quake happens in the Earth will be 

channeled by layers of soil and will be responded to by the structure. 
Next structure will resonate gives forces in. In a smaller quake force from 

the forces in the structure, then structure will be strong and secure hold 
earthquake load. Conversely when larger quake is loaded from the forces  

in the structure, then it is not strong and structure not safely for hold the 

load and next earthquake occurred collapse. 

Structure Planning of Earthquake Resistant  

Planning of earthquake resistant buildings are badly needed especially for 

buildings. Because of importance integrity of the building structure to 

ensure the safety and comfort of occupants of the building. Horizontal 
earthquake load will cause a very dangerous swift against the integrity of 

the structure. Hence the need for control of this drift. 

The concept of earthquake resistant buildings in general are : 

a. The building should not be broken on structural and non structural 

parts when a small earthquake occurs often occur. 

b. The building should not be damaged on a structural part when the 
earthquake occurred are that only happens once in a while. 

c. The building must not collapse when the great quake is very rare. 
 

Important Factor 

For the different categories of building depend on the 

probability occurrence structure collapse of the building during 

age of the plan. The influence of earthquake against the structure 

of the building must be multiplied by a important factor I 

according to the equation: 

I = I1.I2 

Where : 

I1 = Important factors to adjust the earthquake period relating 

to probability of the occurrence of quake during age of the 

building. 

I2 = Important factors to adjust the earthquake  period relating 

to  the age of the building. 

 



 

Table 1. Important Factor I To Different Categories of Buildings 

Building Categories 

Important 

Factor 

I1 I2 I3 

Such public buildings for residential, 
commercial and office space 

1.0 1.0 1.0 

Monuments and monumental building 1.0 1.6 1.6 

Important post earthquake buildings such as 

hospitals, installation of water supply, 
power generation, emergency rescue center, 

radio and television facilities. 

1.4 1.0 1.4 

Building for storing hazardous materials 

such as gas, petroleum products, acids, toxic 
ingredients. 

1.6 1.0 1.6 

Chimney, tank on top of the tower 1.5 1.0 1.5 

Natural Fundamental Periode 

Calculation of Natural fundamental periode set in the SNI 1726 
with the following conditions : 

a. Natural fundamental periode value structure of natural 

building for determination of earthquake response factor is 
determined by the empirical formulas. 

b. Natural fundamental periode value must be smaller from ξ. 

n to prevent the use of the structure of the building that was 
too flexible. 

Natural fundamental periode value structure of the building 

can be calculated with the formula-the formula approach 
according to the 1987 PPKGURG as follows : 

a. for building structures in the form of frames without a 

bracing elements can limit the drift : 
T = 0.085 x H0.75 for steel frames   

T  = 0.060 x H0.75 for concrete frames   
b. For the other building structures : 

T  = 0.090 x H. B (-0.5)  

Where : 

T  = Time on the direction of the building vibrating  

     reviewed,  dt 

B  = Length of the building in the direction of the  
    earthquake is reviewed, m 

H  = High peaks of the main part of the structure, m 

Natural fundamental periode value structure of the building can be 
calculated with formulas, according to the Federal Emergency 

Management Agency-356 (FEMA-356) as follows : 

T = (Ct.Hn.)
β 

Where : 

T = Natural fundamental periode 

Ct = 0.035 for steel building systems. 
 = 0.018 for concrete building system. 

 = 0.030 for bracing system of steel buildings. 

 = 0.020 for all the building systems in addition to the  
     above (in addition to concrete building, steel, wood  

    and steel bracing) 

β = 0.80 for steel building systems. 
 = 0.90 for concrete building system. 

 = 0.075 for all building systems in addition to the above  

    (other than concrete and steel building).  
Hn = high peak part of the main structure. 

Natural fundamental periode restriction is as follows : 

T1 < ζ.n , where n is the number of floor. 
Table 2. Coefficient ζ Which Limits The Natural Fundamental 

Periode of The Building. 

Earthquake Area ζ 

1 0.02 

2 0.19 

3 0.18 

4 0.17 

5 0.16 

6 0.15 

 

Direction of Earthquake Load 

In planning the structure of the building, the main direction 

of the influence of earthquake plan must be determined in such a 
way, giving the greatest influence against the elements and sub-

systems of the system structure of the building as a whole. To 

 simulate earthquake influence direction plan that any building structure, 
the influence of a major earthquake in the direction of loading specified 

should be considered 100% effective and must be considered to occur 

concurrently with the influence of earthquake load in the direction 
perpendicular to the main loading of yesteryear, but with 30% 

effectiveness. 

 

Structure Response Analysis 

For irregular building Structures (which do not meet the conditions 

for irregular building), according to SNI 03-1726-2002 Article 7.1.1 
influences of earthquake burden plan against the building structure must 

be determined through analysis of 3-dimensional dynamic response. In 

section 7.2.1 determined further that the calculation of dynamic response 
of building structures of irregular methods of analysis can be done with a 

variety of a spectrum of response (response spectrum). 

Graph of response spectrum is the result of a plot of maximum response 
values response/(deflection, speed, acceleration, etc.) against a particular 

load functions for all the single degree of freedom system allows. An 

abscissa of the graphic form of the frequency (or the period/time) and 

either a maximum response values ordinat (Paz,1985). 

In the analysis of earthquake load, response spectra is structured 

based on the response to the acceleration of the ground (ground 
acceleration) some of the footage of the earthquake. The spectrum of 

design (design spectrum) is a representation of the movement of the 

ground (ground motion) due to vibrations of earthquakes that have 
occurred for a given location. Some considerations for the selection of the 

design spectrum is a large scale earthquake location, the distance to the 

epicenter, fault, the mechanism is put in a wave of earthquakes and local 
soil conditions (Chopra, 1995). 

The condition of the building structure while receiving the brunt of 

the earthquake, it will assume the base shear. Base shear each floor is a 
function of the mass (m) and rigidity (k) of the floor. Base shear resulted 

in each floor shift displacement from the original position. When the 

nature of the geometry of the structure symmetrical then deviations that 
occur only in one plane (2-dimensional) namely drift of a mass at any 

time only had single ordinat position/so it can be considered as one 

Single Degree of Freedom (SDOF) and displacement parameters 
measured is on the roof. If the structure of a building can be considered a 

symmetric axis of the strong and weak axes are the same (the x and y 

directions). When earthquake-force work, then the building will respond 
to the earthquake burden by providing forces in. If the forces in the 

building exceeds the ability/capacity, then the building will behave in an 
elastic-by forming plastis hinge in structure quite daktail but it will occur 

collapse in less ductile. 

 
Figure 4. Structure Responses Due To Earthquake 

 

Nonlinier static pushover analysis (NSP) 

It is a static analysis by giving the earthquake force gradually until 

the structure damaged. Where the influence of earthquakes force of the 
building against are defined as static loads which occur in the central 

period of each floor. Nonlinear static pushover analysis was considered 

superior to the linear analysis, such as static load analysis of equivalent 
and superposition of modal analysis, the advantage lies with the inelastik 

consider melting after the limit (yield) on the component structure of the 

pull rods while withholding the maximum earthquake force intensity 
occurs. And analysis of the NSP is also more attractive than nonlinear 

dynamical analysis which is the analysis of the most complex among all 
the present earthquake analysis, because the NSP can generate a single 

estimated value of quantity due to earthquake shaking (like lateral 

deformation, the interstory drift, and force in the moment, as well as 
rotation plastis hinge) to design or evaluate the structure. Analysis of the 

NSP will gain a capacity curve indicates the behavior of the structure of 

the result of the representation of the basic shear force against 
displacement. Capacity curve can indicate the condition of the structure at 

the time of linear or nonlinear, it is shown in the form of a decrease in 

stiffness are shown with a decrease in the curve due to the formation of 
the plastis hinge on columns and beams. 



 

Plastic Hinge 

The structure of the building when receiving the brunt of the 

earthquake on levels/specific conditions, will happen plastis hinge on a 

block of the building. Plastis hinge works almost the same as 
shockbreaker or spring that is useful for reducing vibration or in this case 

to reduce energy (energy dissipation) earthquake occurred. Of course the 

location of planned plastis hinges should be designed to have specific 
ductility can withstand a quake force post conditions of elastic structure 

exceeded. Planning a building must comply with the design concept of 

weak beam strong column. In the event of a collapse of the structure, then 
the collapse beam was first. If the columns collapsed first, then the 

structure directly destroyed. 

1. Hinge Beam Properties 
The data entered on the cross-section properties hinge area of 

beams of the object that is the location where the plastis hinges 

expected to happen. Each cross-section beam modeled with a 
choice model moment M3, which means plastis hinge occurs only 

because the local axes aligned moment 3. Because of the 

conditions of this M3 axis is called a strong axis beam. Local axis 

position 3 can be seen in Figure 5. 

 
 

Figure 5. Local Axis Position of Beam Structure On SAP2000 v. 

15 Programs 
 

2. Hinge Column Properties 

Data hinge properties for a column is a Model P-M2-M3, which 
means that the plastis hinge occurs due to the interaction of axial 

force (P) and moment (M) local axis 2 and 3 local axis. In this 

study each column on buildings that have reviewed the moment 
local axis 2 with the same local axis moment capacity of 3 which 

means the axis is strong and weak axis column is the same, this is 

because the dimensions of the square-shaped columns and 
reinforcement column that there are scattered on the four sides 

evenly. Local axis positions 2 and 3 column structure of local axis 

can be seen in Figure 6. 
 

 
 

Figure 6. Local Axis Position of Column Structure On SAP2000 
v. 15 Programs 

 

3. Plastis Hinge Location 
After defining data hinge properties of beams and columns is the 

determination of the location of the occurrence of the desired 

plastis hinges. The position of the hinge must be adjusted by 
approaching plastis real conditions in field, because it will be give 

effect to calculation results. Position 0 onset of asserting the 

position of the beam, while the net long position of 1 states 

position of the end of the long clean beams. Both are located 

upfront of the column. As with columns, the position 0 onset of 

asserting the position of the column, while the net long position of 1 
states position the end of the long clean columns. If the structure is more 

complex laying can plastis hinge planned in more detail by 

 reviewing the hinge layout plastis hinge against. Plastis hinges generally 
on the building can be presented as shown in Figure 7. 

 
Figure 7. Plastis Hinge That Occurs on Beam and Column 

 

Collapse Mechanism of Buildings 

On the planning of the building collapse mechanisms can be 

classified into two design i.e. beam sidesway and column mechanicsm 

sidesway mechanism. Beam sidesway mechanism i.e., formation of 
plastis hinges planned will occur first at the ends of the beams of the new 

advance after reaching the summit will be followed by plastis hinge on 

columns designed to occur last. This concept is commonly referred to as 
partial ductile planning and fully ductile planning concept in building 

concrete. While the column sidesway mechanism is the establishment of  

plastis hinges first planned to occur at the ends of the column base, on a 
concept referred to as elastic full planning. In any planning mechanism of 

collapse of the structure that is expected is a beam sidesway mechanism, 

because when the maximum earthquake force exceeded building can still 
be stand, although there are some properties of beams collapsed.  

Modeling two this classification can be seen in Figure 8 below. 

 
Figure 8. Plastis Hinge On Beam Sidesway and Column Sidesway 

 

Pushover Analysis With Metode Capacity 

Spectrum (CSM) 

Capasity Spectrum Method (CSM) is one way to know the 

performance of a structure. This method is used then the output 

parameters on SAP2000 is performance point structure. This method is 
essentially a procedure that is done to get the actual transition structure 

building that generates big drift of the roof structure. The basic concept of 

static pushover analysis of nonlinear static loading pattern is to give 
specific direction to gradually improved lateral (incremental). The 

addition of static load is stopped until it reaches the drift target or a 

particular burden. After the curve obtained with certain modifications to 
the capacity of the revamped format acceleration displacement respone 

spectrum (ADRS) into the curve capacity spectrum. The format of the 

ADRS is a combination between acceleration and displacement response 
spectra where an abscissa is the Spectral acceleration (Sa) and is the 

Spectral Displacement ordinat (Sd), whereas the period T is the slash from 

the center axis. The format of the ADRS later modified again by entering 
the influence of effective damping that results from energy dissipation of 

plastis hinge representations that occur. Spectrum is called demand 
spectrum. The intersection between the capacity spectrum with the 

demand spectrum called peformance points. From this point, through 

peformance pushover analysis of deformation can be known, the position 
of the plastis hinge happens and drift ratio which became a reference for 

building structure condition of post occurrence plastis hinges. 

 

Capacity Curve 

Puhover static analysis results are curves that show the relationship 

between base shear force (Base Shear) and the drift of the roof (Roof 

Displacement) as shown in Figure 9. The relationship is then mapped into 
a curve by means of converting it into the curve capacity spectrum. 



 

 

 
Figure 9. Illustration of a Pushover and Capacity Curve 

 

Demand Spectrum 

Response spectrum curve is elastic that shows the 

relationship between the coefficient of the earthquake (C) with 

natural fundamental periode structures (T) whose value is 
determined by the coefficients of Ca (peak ground acceleration, 

peak ground acceleration) and Cv (coefficient of the earthquake at 

the time period of soil structure is 1 second). The value of Ca and 

Cv is different for each type of soil. 

 

Performance Point 

Performance point is the point where the capacity curve 
intersect with the response spectrum curve as used in capacity 

spectrum method (ATC-40,1996). To obtain a clearer picture, can 

be seen in Figure 10. On a performance point can be obtained 
information about the base shear (V) maximum, maximum 

displacement (dt), the effective period (Teff) building, the effective 

damping (βeff), spectral acceleration (Sa) and spectral displacement 
(Sd) due to changes occurring after the structure stiffness of plastis 

hinges. Based on the information response to other structures such 
as the drift value level and plastis hinge position can be known. 

 

 
 

Figure 10. Determination of Peformance Point 

 

Resistant Structure Criteria Of Earthquake 

Force 

Referring to FEMA 271 (1997) and ATC-40 (1996), Resistant 

structure criterias of earthquake force is as follows :  

 
1. Operation (O) 

There is no damage on the structure and non-structure 

2. Immediate Occupancy (OI) 
When an earthquake occurs, the structure able to withstand 

quakes, was undamaged structure structural and non structural 

undamaged. So it can be directly used. 
3. Life Safety (LS) 

When an earthquake occurs, the structure is able to withstand 

earthquake, with little structural damage, stiffness decreases, but 
still had enough towards the brink of collapse. The components 

of the structure are still there but non can not be used. Can be 

used but with little structural repairs and non-structural. 
4. Collapse Pervention (CP) 

When an earthquake occurs, the structure suffered structural and 

non structural damage. The power structure is reduced a lot and 
nearly collapsed. Accidents due to the damaged material could 

possibly occur. 

Illustration of transfer performance structure from oprasional position to 

collapse can be seen in Figure 11. 

 
Figure 11. Building Collapse Illustration 

 

When the structure suffered a quake or basic shear force (Vb), with the 

condition the quake < earthquake plan (Vn), then the components of the 
structure are still in a condition of elastic (A-B) point B shows the 

condition of the first melting. when Vb > Vy, the structure in plastis 

condition (B-C). Point C is the maximum limit in the structure withstand 
the earthquake (Vb). VB continues to increase, then occurs the 

degradation on the structure (C-D). Point D indicates that the structure is 

not able to withstand the earthquake (Vb), but still able to withstand the 
burden of gravity. When the load is increased, the structure will collapse 

(Figure 12). 

 
Figure 12. Peformance Criteria Curve 

 

According to the ATC-40 drift ratio restrictions, are as follows: : 

Table 3. Limit Drift Ratio Roof According To The ATC-40 

Parameters 

Performance Level 

OI 
Damage 

Control 
LS 

Structural 

Stability 

Maximum 
Total Drift 

0.01 
0.01 s.d 

0.02 
0.02 0.33

𝑉𝑡

𝑃𝑡
 

Maximum 

Total 

Inelastik 
Drift 

0.005 
0.005 s.d 

0.015 

No 

limit 
No limit 

 

Table 4. Limitation Type Building On Capacity Spectrum Method 

Shaking 

Duration 

Essentially new 

building 

Average 

existing 

building 

Poor exiting 

building 

Short A B C 

Long B C C 

 

RESEARCH METHOD 

Data of Building 

In this research was conducted at the medical building of Universitas 
Muhammadiyah Surakarta located in Surakarta. The structure of 

reinforced concrete building partially ductile with the height of 6 floors. 

The main function of the building as the lecture building. The location of 



 

the buildings in the Surakarta area with the region of quake 3 (SNI 03-
1726-2002) that stand on the middle soil conditions. 

Table 5. Building Description 

Medical Faculty Building Universitas Muhammadiyah 

Surakarta 

Structure System Partially Ductile 

Total Floor 6 Floor 

Roof Floor Area 1711,59 m2 

5 Floor Area 1711,59 m2 

4 Floor Area 1711,59 m2 

3 Floor Area 1507,46 m2 

2 Floor Area 1507,46 m2 

1 Floor Area 1421,72 m2 

Height Each Floor 3,75 m 

Maximum Height Building 22,5 m 

 

STAGES OF ANALYSIS 

Literature Study 

Study of the literature of journals and books related to the analysis 
of the nonlinear pushover. Learn all that relates to the analysis of 

nonlinear pushover. The reference literature used, among others, SNI 
1726 earthquake resistance planning procedures for buildings, Regulatory 

imposition based on Regulatory Loading of Indonesia for Building 

houses and SNI 03-1727-1989, Applied Technology Council for Seismic 
and Evaluation Retrofit of Concrete Building Volume-1 (ATC-40), 

Federal Emergency Management Agency for Prestandard And 

Comentary For The Seismic Rehabilitaion Of Buildings (FEMA-356 & 
273), the Uniform Building Code for Eartquake Design volume-2 (UBC 

,1997) and journals related to pushover analysis. 

Data Collection 

Data collection and information of medical faculty building which 

examined, either secondary or primary data data. The data obtained is the 

shop drawing lecture Medical Faculty building. This data is used for 

modeling 3D structures which further analyzed with the help of SAP2000 

v. 15. Land-use data based on existing soil data (final assignment Control 

Reset Frame As-7 Medical Faculty UMS Building with Fully Ductile). 
The shop Drawing is used for modeling the structure of stages 

corresponding to the existing image so that this analysis does not deviate 
from the existing image. All the structure is modelled should match the 

shop drawing. The data obtained from the load of shop drawing and 

conduct observation into the field. For non structural building not 
modelled because it has no significant effects in 3D modeling. 

 

3D Structure Modelling 

The making of a model structure with 3D modeling in accordance 
with data and information from the shop drawing Medical Faculty 

Building UMS. 

1. Global And Local Axis System 
 3D structure modeling in SAP2000 v. 15 have rules of global and 

local coordinate system. The global system is revealed with mutually 

perpendicular axis X, Y and Z. Directions X, Y and Z in accordance 
with the right-hand rule. The X and Y axis is horizontal and the 

direction of the Z-axis is vertical. Whereas for each joint, element, 
constraint and restraint have local axes respectively. Local axis 

represented by 1, 2 and 3. In General any local axis varies for each 

joint, element, constraint and restraint. In this modeling, the local 
coordinate system that is used for joint constraint and nonlinear 

hinge properties equal to the global coordinate system X, Y and Z. 

Local and global Coordination system elements that are used in this 
research is revealed by local axis 1 local axis, 2, and 3 local axes 

where : 

a. Local axis 1 is the axial direction 
b. Local axis 2 is unidirectional Globals + Z for beams and 

unidirectional Globals + X axis for column. 

c. Local axis 3 follows the right hand rule, the rule by which the 
axis perpendicular to the axis of the 3 local 1 and local axis 2. 

Local axis system elements can be seen in Figure 13. 

 
Figure 13. Coordinate System Used In SAP2000 v. 15. 

 
2. Elements of Frame And Floor Plates 

Early stage does is define all types and size of cross section elements 
of the frame are used. After this step is complete, each element of the 

frame should be adapted to the type and size of the cross-section is 

created. The second stage was the creation of the plate is a single 
entity structure. Modeling of longitudinal reinforcement and for also 

needs to be modeled exactly the real situation due to heavy influence 

on properties of beams, columns and floor plate. 
3. Diaphragm Constraint 

This step is done manually in SAP2000 v. 15. This Constraint causes 

all Diaphragm joint on one floor of the given constraint restrictions 
moving simultaneously as planar diaphragms are stiff (rigid) against 

all the deformations that may occur. Assuming a constraint for 

diaphragm phenomenon of formation of rigid floor where floor 
structure moves along when a structure is experiencing an 

earthquake. 

 

Loading Calculation 

To calculate the loads acting on the structure in the form of dead 

load, live load. Dead weight calculated based modeling that exist where 
the load of its own weight and an extra in own Programs SAP2000 v. 15 

included in the load case DEAD.  The calculation of the own weight of 

this program in 15 v. SAP2000 for dead load, where it is 1 for dead has 
been calculated automatically by the program SAP2000 v. 15, while for 

an extra load need to be entered manually in accordance with the data 

available. The burden of living is included in SAP2000 program v. 15 
placed in live. The burden of life get the reduction of earthquake load of 

0.5 for lecture building. The burden of life adapted to the existing 

regulations. Calculation of live load in the program 15 v. SAP2000 to live 
is 0, meaning that the burden of life need to be counted manually in 

accordance with the data available. 

 

Response Spectrum Analysis 

Analyze the structure of the model with the spectral Response 

curve for response spectrum according the earthquake area were analyzed 
with the help of program SAP2000 v. 15. The required data in the 

response spectrum analysis is the value Ca and Cv. where the value of Ca 

(Peak Ground Acceleration) obtained from the acceleration of the face of 
the land on an area. 

Am = 2.4 Ao 

For a natural fundamental periode angle Tc (middle soil : 0.6) earthquake 
response Factor C is determined by the following equation : 

For  T < Tc 

And  C = Am 

 

Earthquake Load Calculation 

In analyzing the structural elements are reviewed, the earthquake 
load is considered static equivalent loads on each floor. However in 

modeling in SAP2000 v. 15 earthquake load can be directly inserted 

automatically by the provisions of the standard are used. The standard 
rules of the earthquake used for modeling this is SNI 03-1726-2002. In v. 

15 SAP2000 program do not include regulations SNI 03-1726-2002, but 

there is a very standard exactly with SNI 03-1726-2002, namely the 
Uniform Building Code (UBC-1997) of the United States standart. In this 

study of earthquake load included with loading pattern of UBC-97 

through the Ca and Cv the coefficient obtained in the SNI 03-1726-2002. 
However, the calculation of the equivalent static analysis still done 

manually in order to complement the force of the data shown. In this 

section later elaborated about static equivalent procedure manually to get 
distribution of lateral earthquake force of each floor. 

1. Calculation of Natural Fundamental Periode (T). 

Calculation of natural fundamental periode of this structure are 
calculated empirically with the formula : 

T = Ct.(Hn)
β 

Where :   
Ct  = 0.018 for reinforcement concrete structure. 



 

Hn = high peaks of the main part structure (m). 
β = 0.90 for concrete building. 

2. Restrictions Natural Fundamental Periode (T1). 

For the prevention of the use of a flexible structure, the natural 
fundamental value of the building should be limited depends 

on ζ coefficient for earthquake region-place of the structure 

and total floor (n) formulated as : 
T1 < ζ n 

Where :   

T1 = Natural fundamental period of building structure. 
ζ = Coefficient for earthquake region-place building  

    structure 

 = 0.18 (area 3) 
n = 6 (total floor) 

3. Distribution of Base Shear Force 

Structure must be designed to be able to hold a base shear 
force due to the earthquake which is calculated by the formula: 

𝑉 =
𝐶1. 𝐼

𝑅
 Wt  

Where : 
V = Base shear force nominal 

C1 = Earthquake response factors of the response spectrum 

I = Important factor 
R = Reduction factor of earthquake structures building of  

    representative question 

Wt = Total weight of the building, including the live load  
    accordingly 

Base shear force nominal (V) must be distributed along the 

height structure of building be earthquake loads static 
equivalent nominal Fi that catch on the center of mass of the 

floor level to-i according to the equation : 

𝐹𝑖 =
𝑊𝑖 .𝑍𝑖

 𝑊𝑖 .𝑍𝑖
𝑛
𝑖=1

 V 

Where : 

   Wi = Weight of the floor level to the-i include live load    
            accordingly 

Zi = Height floor to level-i measured from the lateral  

    clamping level 
n = Top floor level number 

V = Base shear force nominal 

 

Determining of Plastic Hinge 

Plastis hinges on the data entry model structures in 

accordance with the determination of the occurrence place of 
plastis hinges. Plastis hinges are expected to occur at the main 

beams and columns. For beams subjected to a load moment of 

local axis direction 3 (M3) in the direction of the axis of horizontal 
beams, whereas in column subjected to axial force (P) and moment 

(M) Local Axes 2 and 3 local axes (PM2M3). 

 

Loading of Nonlinear Pushover Analysis 

On the static pushover case made two kinds of loading, of 

which the first is a result of the loading of the gravity load. In this 

analysis the gravity load used is dead weight with a coefficient of 

0.9 and the live load with the coefficient 0.5 (for buildings and 

lecture building). After the first condition is finished running, the 
loading of the building continued with the second condition i.e. 

due to lateral loads. Lateral load pattern that represents the inertia 

force due to the earthquake on each floor, which is obtained from 
the loading of pattern weights follow axis structure of the first 

mode. Direction of lateral loading is done in line with the main 

axes of Y that has biggest earthquake force. 
 

Structure Peformance Analysis From 

Pushover Analysis Results 

SAP2000 program v. 15, analysis results obtained pushover 

curve which shows the behaviour of the structure capacity at the 

moment is a certain base shear on the level of response spectrum 
curve, which corresponds to the earthquake area, the melting 

diagram plastis hinges in beam and column. Response spectrum in 

the form of ADRS are entered with the curve obtained by capacity 
and Performance Point. The conversion process is done completely 

by SAP2000 v. 15. 

 

Pushover Analysis Results From Program 

SAP2000 v. 15 

From the performance point displacement values obtained 

effective base shear, natural fundamental periode (effective period) and 

effective damping. From the displacement value will be known seismic 
performance criteria based on the structure of the ATC-40. Based on the 

results of data analysis and discussion, then a conclusion can be made in 
accordance with the research objectives. The author are using A 

procedure because a procedure with more clear, transparent and most 

directly to the method. And according to the ATC-40 is the most easily 
understood methods as well as the best method for novice researchers. 

 

RESULTS AND DISCUSSION 

Capacity Curve Results 

Itration process, obtained the capacity curve is the relationship between 

the displacement of a reference point on the roof (D) base shear force (V) 

 
Figure 14. Capacity Curves Between Deflection Reference Point On The 

Roof (D) and Base Shear (V) 

 

Capacity Spectrum Curve Results 

 
Figure 15. Spectrum Capacity Curve With ATC-40 Parameters 

 

Pushover parameters taken with determining the value of Ca = 0.23 and 
Cv = 0.33 obtained from response spectra and SNI 03-1726-2002. A 

structure of type and table 8-3 ATC-40. 

Discussion 

Table 6. Peformance Point Value 

V (ton), D (m) 706,779 (ton) ; 0,093 (m) 

Sa (g), Sd (m) 0,197 (g) ; 0,065 (m) 

Teff (second), βeff 1,101 (second) ; 0,159 

 



 

1. Displacement Limit according to SNI 03-1726-2002 determined 
2% H = 0.02 x 22.5 = 0.45 m > D = 0.10 so, displacement 

performance building is good. 

2. Building peformance according to ATC-40 Tabel 11-12 

 Maximum Driff = 
𝐷𝑡

𝐻
 = 

0,093

22,5
 = 0,0041 

 So the performance level of the building are Immediate 

Occupancy 

 Maximum In-elastic Driff = 
𝐷𝑡−𝐷1

𝐻𝑡𝑜𝑡𝑎𝑙
 = 

0,093−0,030

22,5
 = 0,003 

 So Building performance level under conditions of Nonlinear 

is Immediate Occupancy 

Distribution of Schemes Plastis Hinge 

On the presentation of distribution schemes plastis hinge pictures 
taken example of the frame 1. With consideration of the frame axis 

unidirectional longitudinal Y building and the main building structure 

column there, thus becoming the main parameters in case of a total 
collapse and 3-dimensional image. 

 

Figure 16. Frame 1 Plastis Hinge Step 0 

1. The first stage, step 1 at the time of displacement 0.030 m has yet to 

demonstrate the occurrence of plastis hinges. 

 

Figure 17. Frame 1 Plastis Hinge Step 1 

 

2. The second stage, Step 2 at the time of displacement 0,04161 where 

already the occurrence hinge condition of beams and columns at 
plastis. But all the plastis hinge happens still in level B and this is the 

first step in plastis hinges occur in Columns on the first floor. 

 
 

Figure 18. Frame 1 Plastis Hinge Step 2 
 

3. The third stage, displacement time step 3 0,137468 m in the sense 
that at this step displacement exceeded the maximum displacement at 

peformance point. And at this stage almost all hinges of beams and 

columns at plastis has taken place, and the already in the Immediate 
Occupancy condition overall except plastis hinges on the 5th floor 

and roof beams.  

 
Figure 19. Frame 1 Plastis Hinge Step 3 

 

4. The fourth stage, with the addition of static load are nonlinear. Then 

step on it has appeared the first time beam which exceeds the value 

of Immediate Occupancy. The initial collapse occurs mainly on the 

property ground floor column beam with the condition Live Safety 

(LS). And for the other column shows still in performance as well as 

collapse and still does not occur in conditions of Immediate 

Occupancy (IO). 

 
Figure 20. Frame 1 Plastis Hinge Step 16 

 
Table 7. Damage Level Structure Due To The Occurrence of 

Plastis Hinge 

Info Simbols Description 

B  Shows a linear boundary followed the 
onset of melting is first structure 

IO 
 

Small damage occurs or does not mean 

rigidity on the structure, the structure is 

almost the same at the time of the 
earthquake has not occurred 

LS 
 

Damage ranging from small to medium 

level, the stiffness of the structure was 
reduced, but it still has a fairly large 

verge of collapse 

CP 
 

Severe damage occurred on the structure 

so that the strength and ductility 
decreases a lot 

C 
 Maximum base shear that is still capable 

of building on hold 

D  
Structure strength degradation occurs, 

so the condition of the structure is 

unstable and almost collapse 

E 
 Structure has not been able to hold base 

shear and falling 

 

 

 
 

 



 

CONCLUSION AND SUGGESTION 

Conclusion 

After analyzing and evaluating the chapter 5 so the author took 

some conclusions as follows : 

1. Pushover analysis of obtained peformance point building in 
the form of Base Shear (V) = 706,779 tons larger than the base 

shear calculation manual with linear static. Displacement (D) 
= 0,093 meters on the roof. Spectral acceleration (Sa) = 0,197 

g, Spectral displacement (Sd) = 0,065 meters. Effective 

Periode (Teff) = 1,101 second and effective Damping (βeff) = 
0,159% greater on damping which presupposed by SNI 1726-

2002.  

2. Pushover analysis output results using sap2000 v. 15 shows 
the pattern of occurrence of plastis hinges starting on the 

second step. Although in the first step there is no joint hinges 

happens. Next on the third step is the step the displacement 
value is exceeds performance point is not showing the 

existence of the collapse of the plastis hinge. To decrease the 

performance looks first at the 16th step. Until the last step 18 
step does not appear a plastis hinges undergo critical 

conditions or collapse. 

3. Viewed from the results graph analysis of nonlinear pushover 
building behave. The structure of the building shows a very 

safe conditions. This is shown in the third step when the 

displacement peformance point already exceeded but the 
behaviour of plastis hinges still in the operational condition 

and Immediate Occupancy. This means when the largest 

earthquake force appropriate planning of earthquake load plan 
on area 3 in the SNI 03-1726-2002 exceeded the building is 

still very safe and can be used without doing the slightest 

improvement. Even when step itration continued until the last 
step step 18, new building having a little performance 

degradation. And a decrease in the maximum in the last step 

have very far distances with step 3 only live stage down to 
safety. But the concept of Weak Beam Strong Column design 

in building structure design of partially ductile is not met. This 

is indicated by beginning the formation of plastis hinges on 
floor block 2 and 3 then followed all the components of the 

beam and then form plastis hinge column of are reacted in 

Immediate Occupancy conditions at step 3. The subsequent 
decline in capacity into the condition of Live Safety first on 

the main structure of the base column in step 16. However the 

building structure conditions is still very safe and without 
doing a repair to a maximum quake force plan. 

4. Pushover analysis of a Y direction in terms of specific plastis 

hinges that occurs then happens experience decreased 
performance that gradually enlarged at each step.. Starting 

from elastic stage to the in-elastic The buildings included in the condition 
of Immediate Occupancy which means when the maximum earthquake 

force then the structure of the building suffered no damage to structural 

and nonstructural building, so it is safe and can be directly used. 
 

Suggestions 

Author has some advice, if in the future do advanced research : 
1. Analsis pushover can be tried with the parameters of the FEMA 

353. 

2. Analysis of the pushover need to try on the buildings is higher in 
order to put the impulse force in extreme conditions. 

3. Compare the results of the evaluation of earthquake performance 

of static distribution method structure equivalent to the response 
time history analysis method. 

4. Analysis can be attempted using other analysis programs like 

ETABS. 
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