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ABSTRACT 

Earthquakes have always posed a danger to human life and been a significant source of 

infrastructure damage. The major purpose of healthcare institutions is to save lives and lessen 

the effects of disasters; yet previous earthquakes have caused physical damage, jeopardized 

lives and ruined such facilities and other such important buildings. Hospital resilience (i.e., 

endurance and structural rigidity) has always been crucial, but in the past few years, emphasis 

has been set exclusively on this issue, particularly in the wake of the World Health 

Organization's (WHO, 2008) and United Nations International Strategy for Disaster 

Reduction's (UNISDR) global campaign ‘Hospitals Safe From Disasters'; the World Health 

Day (7 April 2009) and the International Day for Disaster Reduction's (14 October 2009) 

world campaigns. “There are countless examples of health infrastructure — from 

sophisticated hospitals to small but vital health centre — that have suffered this fate. One 

such case occurred in the Hospital Juarez in Mexico. In 1985, almost 600 patients and staff 

lost their lives when this modern (for its time) and well equipped hospital collapsed in the 

wake of an earthquake” (WHO, 2007a).  

Evidence from literature and practical experience indicate that healthcare interruptions are 

frequent after earthquakes, although the reasons for these interruptions are not entirely 

obvious. The current study goes over the physical damages (post-earthquake) to various 

hospitals, their impacts, and an analysis of the pre-earthquake risks evaluation on a model 

hospital by utilizing seismic probabilistic approach. 

Probabilistic Seismic Hazard Analysis (PSHA) is used to forecast upcoming earthquake 

occurrences at a specific location in order to prevent or prepare for all this harm. PSHA seeks 

to quantify the probability (or rate) of surpassing different ground-motion levels at a site (or 

map of sites) given all potential earthquakes. PSHA produces a Uniform Hazard Spectrum 

(UHS), which is then used to do a Probabilistic Seismic Risk Assessment (PSRA), which 

compares the likelihood that a structure would fail to a seismic parameter like the peak ground 

acceleration of the ground motion. 

 
Keywords: Probabilistic Seismic Hazard Analysis (PSHA), Uniform Hazard Spectrum 

(UHS), Probabilistic Seismic Risk Assessment (PSRA), Peak Ground Acceleration (PGA) 
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CHAPTER 1: INTRODUCTION 

 

1. BACKGROUND 

 

1.1 EARTHQUAKES. 

 

An earthquake occurs when there is a sudden release of tension energy in the Earth's crust, 

which causes tremor waves to radiate outward from the epicenter. When stresses in the crust 

are greater than the maximum allowable strength of the rock, the rock cracks along weak 

points, either an old or new fault plane. An earthquake's focal point, or hypocenter, may lie 

many kilometres below the earth's surface.  

The underlying idea of the elastic rebound theory is that before an earthquake, slow 

deformation is caused by tension that builds up in the rocks on each side of a fault. This 

deformation eventually overcomes the frictional force holding the rocks together, resulting in 

magnificent slip along the fault. As a result of the strain being released, the rocks on either 

side of the fault elastically rebound and revert to their original shapes, but offset 

 

 

Figure 1 During an earthquake 
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1.12 Different type of Earthquake waves 

 

After the introduction of seismology, a branch which deals with solely focus on the seismic 

waves, scientists have found different types of seismic waves through seismographs. 

P waves, also known as primary waves, are the first waves that seismographs can detect since 

they are the quickest. These waves are compressional or longitudinal, pushing and pulling the 

earth parallel to the direction of the waves. Typically, they do very little harm. 

S waves, also known as secondary waves, move more slowly than P waves. Although they 

move in the same direction, they shake the ground in a direction perpendicular to the wave's 

direction. Due to their greater amplitude, which causes a stronger vertical and horizontal 

motion of the ground surface, S waves are more hazardous than P waves. 

Ground motion is produced by Rayleigh waves in both the vertical and horizontal directions. 

These waves have the potential to do the most damage since they pass by while elevating and 

lowering the earth.  

 

Love waves oscillate horizontally. 

 

1.2 HISTORY 

Figure 2 Seismic Waves 
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Earthquakes have wreaked havoc on everyday life throughout the past several decades, 

either by resulting in a large number of fatalities or in the damage of property. Landslides, 

tsunamis, surface liquefaction, and fire are also devastating earthquake aftereffects that 

produce more debris. Japan is the only country with a current example of how the 9.0 

Richter scale Tohoku earthquake in 2011 caused a tsunami that wiped out coastal villages in 

the north pacific. In addition to an estimated 220 billion USD in property losses, it affected 

602,200 inhabitants, killed 3.5% of them, and caused other damages. Japan's recovery from 

the disaster took around five years. 

Even the Bhuj earthquake (magnitude 6.9 on Richter scale), 2001 in Gujarat, India resulted 

in nearly 20,000 deaths leaving half a million people homeless and an estimated loss of 

10,000 crores. 

 

1.3 EARTHQUAKE RESPONSE MEASURES 

 

With the advancement in geotechnical and earthquake engineering, researchers and experts 

have found and developed means to enhance resistance against such natural calamities. Even 

organisation like European Association for earthquake Engineering and PEER came into 

existence. Annual summits like World Conference on Earthquake Engineering are being held 

Figure 3 Bhuj Earthquake 
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to address earthquake related issues.  For instance, the introduction of special provisions IS: 

13920 was brought into the field to provide guidance in designing and building seismic 

resistant infrastructures. Another way is to make probabilistic assessments of the buildings 

against any odds like components, water pipes or equipment’s malfunctioning which will or 

may result in eventual failure of the building during or after earthquake. 

Upon focusing on such strategies, PSRA (probabilistic seismic risk assessment) was brought 

into limelight after having found to bring an honest result against safety earthquake measures. 

It basically focuses on the earthquake hazard assessment of the structures which may lead to 

certain risks in later stages by using statistical and probabilistic data analysing methods. 

 

1.4 SUMMARY 

 

Every now and then, an earthquake occurs about a certain region and the news of wreckage 

that follows it. Having to have heard and witness the dark history of earthquake incidents 

around the globe, it has now become vital to take measures to prevent such events from 

reoccurring. For that every structural engineers should be aware of the provisions that needs 

to be followed while designing and the concerned authorities to mandate the structural and 

non-structural assessment of the buildings periodically for any risk of failure. 
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Chapter 2: Literature Review 
 

1. GENERAL 

 

Even a small tremor can render a hospital unfuntional if its components are not properly 

monitored. The failure of a hospital during/ after an earthquake can be due to physical 

(structural and non-structural) or social (staff and administration) factors. The focus of this 

paper will be on physical attributes. “The structural parts of a building are those that resist 

gravity, earthquakes, wind and other types of loads; they include columns; beams and 

foundations”; and “the non-structural parts include all parts of the building and its contents 

with the exception of the structure”. “They are composed of: lifeline facilities; medical 

facilities; and architectural elements” (DoHS/WHO Nepal, 2004). Therefore all the 

malfunctioning due to elements like beam, columns, and walls are categorized under 

structural and architectural failure. The power cutoff, bursting of water failure, short circuiting 

and equipment failures in the hospital units are characterized as non-structural failure. 

 

2. STRUCTURAL FAILURE 

 

Hospital structural failures are frequently the result of poor detailing, irregular design, and 

poor selection of raw materials. Since non-structural components are typically connected to 

structures, which transfer earthquake forces onto them, structural behavior affects how they 

react (WHO SEARO, 2002). For instance, after the 1994 Northridge earthquake in the United 

States, the failure of St. John's Hospital's non-structural walls led to the bursting of water lines 

(Pickett, 1997); meanwhile, the Christian and Shiu-Tuan hospitals in Taiwan sustained only 

minor structural damage but significant utility and equipment damage during the 1999 Chi-

Chi earthquake (Soong and Yao, 1999). 
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2.11 COLUMN FAILURE 

 

One of the most crucial parts of an infrastructure is the column. In transferring axial 

compressive load from the top of the structure to the bottom footing, it is crucial. The newly 

constructed and earthquake-resistant Olive View Hospital was severely damaged to the point 

that it had to be eventually dismantled, according to the Design Implications of Damage 

Observed in Olive View Medical Centre Buildings during the 1971 San Fernando Earthquake 

report. The hospital's flooring were flat slabs with drop panels at the columns owing to how it 

was designed. Shear walls bound the wings from the second level to the roof. However, these 

stopped below, and the first and second floors were only supported by columns, creating what 

is known as a "soft-story" mechanism. Columns that were spirally strengthened and tied were 

used. The first two storeys sustained the majority of the damages: many of the linked columns 

broke and fell, and the spiral columns sustained significant spalling and cracking. The 

columns were damaged beyond repair, despite the fact that the structure did not collapse. The 

damage pattern showed that the structure underwent a significant inelastic deformation that 

was primarily in one direction. 

 

 

 

Figure 4 1971 Earthquake Damage of Olive View Hospital 
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2.12 BEAM FAILURE 

 

Beams are used to support the weight of the building's floors, ceilings and roofs by 

transferring the load to a vertically load-bearing component of the structure.  Juarez Hospital 

completely fell apart as a result of the 1985 earthquake in Mexico City. In the Juarez 

Hospital's maternity wing, 400 medical personnel and patients were confined. This reinforced 

concrete frame structure collapsed due to localized failures at the beam-to-beam joints of each 

floor. Ten days after the earthquake, survivors were pulled from the building by tunneling 

through the rubble between the floor slabs.(Mexico City earthquake damage, September 19, 

1985) 

 

 

2.2 NON-STRUCTURAL FAILURE 

 

The building's condition, the reliability of its utility sources, and the facility's regular 

operations are all important factors. The continuity of medical care is impacted when one or 

more of these parts fails. 

Figure 5 Collapse of Juarez Hospital 
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2.21 Water Pipe Failure 

 

The Ridgecrest healthcare center was rendered inoperable in 2019 by the Ridgecrest 

earthquake, which had a magnitude of 6.4. The building's structure was unaffected. However, 

a room packed with mechanical and electrical equipment flooded as a result of some leaky 

pipes, and water also entered the lift shafts and operating rooms. Hospital staff and patients 

were required to evacuate the building out of an abundance of caution (Ridgecrest Hospital's 

Quake Damage Prompts Questions About State Seismic Standards, CBS News). 

Figure 6 Non-structural components 

Figure 7  Damage to water supply pipes in Ridgecrest healthcare facility. 
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2.22 Electrical Circuit Failure 

 

The 7.9 magnitude Great Kanto Earthquake (1923), which had its epicentre a little more 

than 40 miles to the south-southwest of the capital of Japan, produced energy comparable to 

that of roughly 400 Hiroshima-size atomic bombs. The majority of the brick and 

unreinforced concrete structures in the Kant region collapsed after the initial shock, which 

lasted just over fourteen seconds. However, fire proved to be the most harmful to both 

people and Tokyo's actual built environment. Less than an hour after the earthquake, 130 

different fires broke out in Tokyo, many of them were concentrated in the heavily populated 

eastern and north eastern wards of Asakusa, Nihonbashi, Kanda, Kybashi, Fukagawa, and 

Ginza. 

 

 

 

 

 

 

 

 

Figure 8  1923 Great Kanto Earthquake 
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2.3 Case Study on Erzincan Earthquake 

 

Table 1 Case Study on Erzincan Earthquake 

Date Magnitude Epicenter Areas affected Casualties 

6th Feb, 

2023 (at 

4:17am) 

 

• First wave: 7.8 

Ritcher scale 

• Aftershock: 7.5 

 

 Pazarcik district of 

Kahramanmaras 

Province 

 

 10 provinces in 

Turkey 

 Lebanon 

 Syria 

 Cyprus 

 Iraq 

 Death: 45,986 death 

tolls (March 5th). 

 Financial: estimated 

material damage to 

reach 100 billion 

dollar. 

 Buildings: 214,577 

buildings are identified 

as heavily damaged, 

demolished or in 

urgent need of 

demolition. 

 Facilities: Clean 

drinking water and 

food issues in Hatay. 
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Figure 9 Erzincan Earthquake, Turkey 

 

2.3 Hypothesis 

 

If a seismic risk assessment is performed on a modelled hospital and the structural features are 

accurately modelled, while ensuring quality control measure are implemented for the building 

materials, then the hospitals ability to withstand earthquake induced stresses will be 

significantly increased, resulting in reduced risk of damage of collapse. 
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Chapter 3 

Methodology 

 

With the advancement in human knowledge in earthquake engineering, methods have been 

introduced to prevent or minimise loss and destruction during/after earthquake. One of such 

ways is called Probabilistic Seismic Risk Assessment (PSRA), which is an analytical process 

of understanding and predicting the response of a structure to an earthquake. 

The quantification of the negative effect and the likelihood that it will occur over that time 

period are all included in a probabilistic seismic risk assessment, which estimates how an 

earthquake may affect people in the future. 

Detailed models of the location, timing, and size distribution of earthquakes, as well as 

models of ground-motion attenuation with distance, are needed for accurate predictions of 

seismic hazard (and the related "risk" of social or economic repercussions). Modern 

probabilistic algorithms may be used to analyse this data to determine the amount of ground 

shaking danger, which is represented as the likelihood that one or more locations won't 

experience ground motion that exceeds a specific threshold during the time period of interest. 

The management of uncertainties resulting from insufficient information is made possible by 

the probabilistic techniques, which also offer a tested foundation for expressing natural 

variability. 
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Figure 10 PSRA methodology 
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3.1 Running the OpenQuake Engine 

 

PSHA is carried out using the OpenQuake programme (https://openquake.org/). 

The environment of the OpenQuake Engine must be initialised before it can be used. The 

OpenQuake Engine (console) icon on the desktop or the 'Start' menu may both be double-

clicked to do this. After being clicked, a command prompt will appear.  

 

Figure OpenQuake Engine 

 

Oq stands for OpenQuake Engine's command-line interface. The command oq engine must be 

launched in order to do a computation. 

The package comes with a number of demonstration computations. The default location for 

them is C:\Program Files(x86)OpenQuake Engine\demos\\. The exact route could change 

depending on where the Engine has been installed. 
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3.2 Running via web interface (WebUI) 

 Double-clicking the OpenQuake Engine (webui) icon on the desktop or in the "Start" menu 

will activate and load the WebUI. There'll be a command window. The WebUI's address is 

http://localhost:8800, and a browser window will appear in a few seconds.at. 

Figure OpenQuake 

After a few seconds, OpenQuake Engine WebUI directs towards the web where the 

calculation needs to be done.  

Once the command prompt appears, navigate to the directory where your OpenQuake input 

files are located by clicking Run a calculation.Once you are in the correct directory, you can 

run the OpenQuake Engine. 

 

 

 

 

 

 

http://localhost:8800/
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Figure OpenQuake WebUI 

 

The OpenQuake Engine will now begin processing your input file. Depending on the size and 

complexity of your file, this may take some time. 

Once the OpenQuake Engine has finished processing your file, the results will be displayed in 

the command prompt. You can also find the output files in the same directory as your input 

files. 

The result Response Spectrum is used in the STAAD Pro to run the analysis.  
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CHAPTER 4 

1. PROBABILISTIC SEISMIC HAZARD ASSESSMENT (PSHA) 

 

The reason why probabilities are valuable in describing seismic hazard is due to the fact that 

earthquakes and their impacts are unpredictable events. Probabilistic seismic hazard analysis 

(PSHA) takes into consideration various factors, such as the varying seismic potential of 

different sources, the chance nature of earthquake events, the random nature of ground motion 

produced by earthquakes, the potential damage caused by these ground motions, and the 

uncertainties associated with every stage of the analysis.  

PSHA is an all-inclusive approach that accounts for all possible causes, occurrences, and 

seismic sources as well as any uncertainties that could impact the seismic hazard results at a 

particular location. Before the widespread adoption of PSHA for assessing earthquake 

hazards, deterministic methods (DSHA) were commonly used, which were based on a single, 

most influential scenario.  

 

2. Probabilistic Seismic Hazard Analysis 

 

The approach of PSHA was originally developed by C.A. Cornell in 1968 and later it was 

modified by McGuire. Currently this method is also known as Cornell- McGuire 

methodology for hazard assessment. It was used by S.T. Algermissen et.al. (USGS) for 

developing a probabilistic seismic hazard map of US in 1976. And based on that hazard 

assessment results, the first or the most updated US seismic zone map was developed and was 

included in the then Uniform Building Code (US) in 1988. So since than this methodology is 

widely used and still currently widely used all over the world to perform the seismic hazard 

assessment and come up with seismic hazard map for any particular area or any particular 

site.  

The figure below shows the results of seismic hazard assessment for US in 1976. 
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Figure 11: Contour Map of USA 

 

This contours are showing peak ground acceleration (PGA) but they are corresponding to 50 

years exposure time and 10% percent chance of exceedance. So the same definition is used 

for seismic hazard which is 10% probability of exceedance or chances of being exceeded in 

next 50 years. So this is considered to be the standard design level of earthquake which 

sometimes is called Design Basis Earthquake (DBE). 
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Figure 12 : Global Seismic Hazard Map 

 

The global seismic hazard map developed by the project which is called Global Seismic 

Hazard Assessment Program (GSHAP), here we compare the relative seismic activity or 

seismic hazard for different countries or areas. The whole of the Himalayan Belt (India, 

Nepal, Bhutan and Pakistan) is high seismically active area. Similarly West Coast of North 

and South America, and Middle East Asia and Japan are High seismic active area.  

Key Assumptions in Calculating Probabilistic Ground Motions 

 

1. Within the specified seismic source zones or along the specified active faults, 

earthquakes happen. 

2. Within any identified seismic source (or active fault), earthquakes can happen 

anywhere at any time with an equal risk of happening. 

3. Earthquakes randomly occur throughout time inside each identified seismic source 

zone (or active fault), with the magnitude-recurrence relation defining the average rate 

of occurrences. A Possion process is used to simulate this time-dependent random 

event. 
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4. According to statistics, there is no relationship between this earthquake's incidence 

and that of previous earthquakes. 

5. With the aid of a chosen attenuation relationship (Ground Motion Prediction Equation 

(GMPE)), the ground motion parameter (for example, PGA, SA(spectral acceleration)) 

at the site of interest can be calculated for any earthquake event from the magnitude, 

source to site distance, and other earthquake parameters. 

3. PSHA Procedure – Objective 

 

 

Figure 13 : PSHA Procedure 

Now let’s assume the above figure is our study area with several seismic sources.  Assume 

that the source A is an area source and Historical data are available, and we don’t understand 

the exact fault Geometry and orientation in this source. So we assume it as an area source. 

The source B is a fault which is a known fault and Source C is also a fault. Source D is an 

area source.  

Using the historical data and the activity rate and the ground motion prediction equations, our 

target is to get Peak Ground Acceleration (PGA) at the site.  

To calculate the PGA, PGA has to be linked with definition of hazard. We have to tell the 

probability of exceedance in some years. If we are able to do all the process for all the sources 

in the study area we can develop the seismic hazard map for this area.  
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Figure 14: Schematic illustration of the basic five 

3.1 Steps of the Procedures 

 

 Select the site(s).  

 Identification of all essential tectonic structures (such as active faults, seismic source 

zones, or sources local to an area, such as volcanoes), which are likely to produce 

large earthquakes. 

 Defining the seismicity of these seismic sources (how active seismically that fault or 

source is). So we will quantify their seismic activity and that quantification will be 

based on past data.  

 Once the quantification is done for all the seismic sources which can influence the 

hazard analysis than Selection of a suitable attenuation relationship is done (This 

equation calculates the ground motion parameters based on the magnitude of the 

earthquake and the source-to-site distance for various site circumstances.)  

 Calculating the site's ground motion parameters. 
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Figure 15 : Schematic illustration of the basic five steps in PSHA 
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3.2 Identification of seismic sources 

 

Here, we are interested in all earthquake sources capable of causing harmful ground 

movements at a site, in contrast to the deterministic thinking discussed above, which 

concentrated primarily on the greatest potential earthquake event. Faults, which are generally 

flat surfaces and may be located using a variety of techniques, including observations of the 

sites of previous earthquakes and geological data, could be one of these sources. If specific 

faults cannot be located (as in the less seismically active areas in the east of the United 

States), then earthquake sources can be represented by general geographic areas where 

earthquakes may occur anywhere. The distribution of earthquake magnitudes and source-to-

site distances may be determined once all potential sources have been determined. 

3.3 Quantifying the seismicity Rate of Sources (The development of Magnitude- 

Recurrence Relationships for all sources). 

 

Tectonic faults may cause earthquakes of different sizes (i.e., magnitudes). In their initial 

examination of earthquake magnitude measurements, Gutenberg and Richter (1944) found 

that there is a basic pattern to the distribution of earthquake sizes in a region, given as follows 

Log λm = a-bm (1.1) 

Where a and b are constants and λm is the frequency of earthquakes with magnitudes larger 

than m. The term "Gutenberg-Richter recurrence law" refers to this equation. 

The Gutenberg-Richter recurrence rule from the previous equation is shown alongside typical 

measurements from a fault or area in Figure 16. 

Using statistical analysis of historical records and additional constraining information from 

various forms of geological evidence, the a and b constants from the aforementioned equation 

are calculated. The a value represents the total frequency of earthquakes in a given area, while 

the b value represents the proportion of earthquakes of small and big magnitudes (average b 

values are about equal to 1).  

The magnitudes of earthquakes greater than a certain minimum magnitude mmin can also be 

calculated using Equation 1.1 to produce a cumulative distribution function (CDF) (this 
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conditioning is used because earthquakes smaller than mmin will be disregarded in subsequent 

calculations due to their lack of engineering importance).  

 

 

 

 

 

Where Fm (m) denotes the cumulative distribution function for M. One can compute the 

probability density function (PDF) for M by taking the derivative of the CDF. 

(1.3) 

 

Where fm(m) denotes the probability density function for M. 

We should be aware that the Gutenberg-Richter rule in equation 1.1, which in theory promises 

magnitudes with no upper bound but is unachievable due to physical limitations, is the basis 

for the PDF given in equation 1.3. Due to the restricted size of the source faults, there is often 

a cap on the maximum earthquake magnitude that may occur in a given location (earthquake 

magnitude is related to the area of the seismic rupture). If a maximum magnitude can be 

determined, then equation 1.2 becomes 

 

And equation 1.3 becomes  

(1.2) 
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Where mmax is the largest earthquake a certain source is capable of producing. A bounded 

Gutenberg-Richter recurrence rule is what is used to describe this small size distribution. 

Figure 1.6 displays illustrative observations of earthquake magnitudes together with the fit 

Gutenberg-Richter and bounded Gutenberg-Richter recurrence laws. 

 

 

 

 

 

 

 

 

 

 

3.4 The selection of attenuation Model (or Ground Motion Prediction Equations, 

GMPEs) 

 

It is also required to simulate the distribution of earthquake distances from the site of interest 

in order to anticipate ground shaking at a particular location. Every place along the fault is 

thought to have an identical chance of experiencing an earthquake for a particular earthquake 

source. The distribution of source-to-site distances can typically be determined using simply 

the source's geometry since locations are equally distributed. 

Despite the fact that "distance" appears to have a clear definition, PSHA frequently uses a 

number of different definitions. The closest point on the rupture surface, the epicentre or 

hypocentre, or the surface projection of the rupture's closest point can all be used as measures 

of distance. It should be noted that certain definitions of distance take the rupture's depth into 

account, whilst others merely take its distance from the surface projection into consideration. 

Figure 16: Typical distribution of observed earthquake magnitude 
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Furthermore, it should be noted that definitions based on the epicentre and hypocentre need 

only take the location of the rupture's beginning into account; other definitions, however, 

must explicitly take into account the fact that ruptures frequently occur over a plane rather 

than at a single point in space. 

 

3.4.1 Attenuation Relationships 

 

Ground motion attenuation is often represented by the form; 

   Log Y= C1+C2.M +C3.LogR +C4.R+C5.F+C6.S+Ԑ 

Where  

Y is the ground motion parameters of interest (i.e. PGA, PGV, SA, SD) 

M is earthquake magnitude 

R is source to site distance 

F is the faulting mechanism of the earthquake 

S is a description of the local site conditions 

Ԑ is a random error term that characterises the variability in ground motion. It has a mean of 

zero and a standard deviation of S (a Gaussian probability distribution). 

Coefficients c1, c2, c3, c4, c5, and c6 are often found by performing statistical regression 

analysis to fit the equation to the real ground motion data. 

The term C3.LogR shows how the seismic wave front's geometric attenuation as it moves 

away from the earthquake's source.  

The term C4.R depicts the elastic attenuation brought on by the damping and dispersion of the 

materials caused by the seismic waves' propagation through the crust. 
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Some of the examples of the coefficients of an attenuation are given below  
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In Figure 17, two examples are given Campbell (1981a) and Joyner & Boore (1981). These 

are the two ground motion prediction equations and Campbell is represented with a solid line 

for different magnitudes. Joyner and Boore is represented with dotted line for different 

magnitude as well. So the graph implies that as the distance increases the peak ground 

acceleration (g) decreases.  

3.4.2 Random Error of Attenuation Model. 

 

 

 

 

 

 

 

 

Figure 17: Campbell and Joyner & Boore Ground Motion Prediction Equations 

Figure 18PGA graph 
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The graph in the above figure shows the random error of attenuation Model. The dots 

represents the actual data and the red line is the mean value of the ground motion prediction 

equation. The data will be above and below the mean line which will having Gaussian 

Probability distribution. The errors is represented through the epsilon term in the GMPE. So 

the Epsilon value is basically the random error in the GMPE.  

3.4.3 Source to site Distance 

 

 

 

 

 

 

 

 

Similarly the source to site distance which is on the x axis of the GMPE. Here M1 to M5 

represents the source to site distances but they all have different definitions. M1 here 

represents the hypocentre distance. Similar M2 is the epicentre distance. So these are the two 

different source to site definition but there can be others also. For example, M3 is the closest 

distance to the centre of the high energy release. Although the rupture originally originated 

from Hypocentre the high energy release is in the middle. From that point to the station 

represents the M3. M4 is the closest distance from slip/rupture to the station. And if taken the 

projection from that actual rupture/slip on the surface, from that surface to the station will be 

M5. So here we can see different source to site definition. So it’s necessary to check while 

using GMPE, what definition of source to site distance that GMPE actually used.  

 

Figure 19 Source to site distance 
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3.4.4 Faulting Mechanism 

Table 2 Faulting Mechanism 

 

So in GMPEs, we know that magnitude is one of the basic inputs. The magnitude should be 

kept fixed and then come up with the PGA value for a given source to site distances. So R, M 

are known inputs but there can be other input parameters for example one of them is the 

faulting Mechanism which is represented by Fin different GMPEs.  

For different types or Categories, there will be different F factors. So the effect of different 

Faulting mechanism is considered in GMPEs using this factor. In the above table we can see 

that different attenuation relationship is compared here.The Rake angle is defined and these 

will be different for different types of Faults. 
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3.4.5 Slip Terminology 

 

Figure 20 Slip Terminology 

When there is a slip, there can be different kinds of slip terminology. For example the A 

distance is the net slip (total slip of the faults). The faults can have lateral slip as well as dip 

slip. B is the actual dip slip. C is strike slip and D is the Vertical throw (it is the amount by 

which the one part of the block of the earth has moved down compared to other part.) E is 

horizontal throw and F is the apparent horizontal component of the net slip. 

So the summary, is that the actual Faulting mechanism is also accounted in the GMPEs using 

F factor and i.e. for different types of faults will have different F factors. 

3.4.6 Local site conditions 

Table 3 Building Code Site classes 
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One of the important parameters of GMPEs is the Local Site Conditions. We know that 

different building code basically classify the sites based on the quality of soil or types of soil 

based on the site classes. The shear wave velocity of the first 30m of the soil layer which is 

also called Vs30 is an important parameter which basically tells about the stiffness of the soil. 

So the hard rocks will have high Vs30 value compared to soft soil. 

 

4. Ground motion intensity 

 

Our concentration is on ground motion studies rather than earthquakes, however we have 

already computed the distribution of potential earthquake magnitudes and epicentres. The 

natural next step is a ground motion prediction model. According to a number of predictor 

criteria, such as the size, position, faulting process, site conditions at the surface, the potential 

for directivity effects, etc., these models predict the probability distribution of ground motion 

intensity. Given the large number of predictor variables, we usually say that the model 

predicts ground motion intensity given "magnitude, distance, etc. 

5. The Development of Hazard Curves for the sites. 

 

Basic techniques for figuring out a site's seismic hazard potential include doing a probabilistic 

seismic hazard analysis and making seismic hazard curves. A seismic hazard curve is 

produced by incorporating data from many sources and shows the correlation between a 

seismic intensity measure, such as peak ground acceleration (PGA), and its annual likelihood 

of surpassing it. These details include the identification of the earthquake sources nearby the 

site, the arrival rate of the earthquake, and the magnitude of the earthquake, along with the 

probability density function of the earthquake magnitude and the seismic intensity parameter, 

which is typically expressed as peak ground acceleration (PGA) at the site for likely 

earthquakes occurring at the sources.  

So in the last step, we will use or combine the information from step 2 and step 3 to construct 

the Hazard Curve of the site. This curve will have, the probability of exceedances or the 

cumulative annual frequency on Y axis and ground motion parameters on x axis. 
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Figure 21 GMPE and M-R 

 

After selecting GMPEs and M-R for each of the seismic source, now to construct the Hazard 

Curve for the site. We need to select a PGA value let’s say 0.1g and we also know the source 

to site distance. Drawing an interpolation of PGA and source to site distance(R) will result in 

the corresponding Magnitude value. Let’s denote the magnitude value as M.  

 

 

Figure 22 PGA to Distance Graph 



34 
 

Now using that M’ value, we come to our magnitude recurrence relation graph.  

 

Figure 23 Probability of exceedence 

In the graph the corresponding M’ will result in a value say 0.002 which will be Cumulative 

Annual frequency or annual rate of occurrence. As the annual rate of occurrence can also be 

expressed as the probability of exceedance, constructing a new curve which has Y axis as 

Annual Rate of Exceedance or Probability of exceedance and X axis as PGA Value. 

 

Figure 24 Hazard Curve 

 

Now corresponding to 0.1g and 0.002 we get a point on the curve. Similarly repeating the 

process by selecting a different PGA values will result in multiple points on the curve. 

Eventually the curve represents the level of hazard at the sites according to the different 

definition of hazards. For example we can define a hazard definition of earthquake as 10 % 
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Probability Exceedance (PE) in 50 yrs. So we can convert the 10% PE into the annual rate of 

exceedance. This is how we draw the Hazard Curve. 

6. Site amplification analysis 

 

The final stage of the seismic hazard assessment procedure is site amplification. As vertically 

transmitted shear waves go from the ground to the surface, it is well known that the ground 

motion substantially changes, especially if there are significant variations in the shear wave 

velocity across the layers of the soil model. The purpose of the amplification analysis is to 

create the ground motion response spectra (GMRS) (USNRC, 2007). A foundation input 

response spectrum (FIRS) refers to extra ground motion application locations that may be 

required and is a fictitious diagram showing the position of the GMRS and FIRS. The 

subsurface conditions must be stated in detail since the soil column's shear wave velocity is a 

crucial input for the amplification analysis. Therefore, a comprehensive geotechnical and 

geophysical investigation campaign is required. 

7. Probabilistic Seismic Risk Assessment 

 

A technique called probabilistic seismic risk analysis examines the potential of severe ground 

motion intensities that might destroy infrastructure and structures and disrupt social and 

economic activity. Initially, back in the days PSRA was used in nuclear power plants to assess 

any kind of endangerments like the risk of lethal radiations. Now it has been adopted by 

various fields to assess any probabilistic risk concerned with it. 

The earthquake early warning (EEW) system, which gives individuals critical time to seek 

safety before the arrival of stronger seismic waves, uses probabilistic seismic risk assessment. 

For engineering design, it often uses probabilistic seismic hazard analysis. Based on the 

frequency of earthquakes and ground motion prediction equations (GMPEs), it calculates the 

likelihood of surpassing the ground motion level during a certain time period. 
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CHAPTER 5 

DATA COLLECTION AND ANALYSIS 

 

1. SITE LOCATION 

 

Site code: IBRH13 Site name: TAKAHAGI, IBARAKIKEN Prefecture. 

The site of our project is at a place called TAKAHAGI, IBARAKIKEN Prefecture of Japan. It 

is located at latitude of 36.7955 and Longitude at 140.5750. The altitude of the site is 505m.  

Soil condition Data are collected as below:  

 

Table 4 Soil Condition Data for TAKAHAGI 

No  Thickness(m)  Depth (m) Vp (m/s) Vs (m/s) 

1 1.00 1.00 250.00 170.00 

2 15.00 16.00 460.00 280.00 

3 8.00 24.00 2050.00 400.00 

4 10.00 34.00 2050.00 600.00 

5 10.00 44.00 3200.00 1050.00 

6 32.00 76.00 4900.00 2600.00 

7   4900.00 3000.00 
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Soil Profile Analysis is carried out as shown in Figure 25. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25 Soil Profile of Takahagi 
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The Peak Acceleration Contour Map of Japan is as shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26 Peak Acceleration Contour Map of Japan 
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1. Data Collection 

Strong Motion Data are collected from Kiknet Website as below: 

The data applied in the analysis is of ground motions with two different amplitudes. 

 PGA of GM1 = 0.1252 m/s. 

 PGA of GM2 = 0.2448 m/s2 

Figure 27 Strong Motion Data 

Figure 28 Spectral Data of GM with 2 amplitudes 
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2. Analysis of G+2 structural Model of a Hospital on Midas Gen 2021 

 

1. Modeling a simple hospital 

 
• Building : G+2 

• Story height: 3m 

• Dimension:  

 Beam:300x500mm 

 Column: 300x300mm 

 Plate thickness: 150mm 

• Concrete Grade: M30 

 

 

 

 

• Loading cases 

• Self-weight : -1( z- direction) 

• Floor load 

 Dead load = -2kN/m2 

 Live load= -4kN/m2 

• Roof load 

 Dead load= -2kN/m2 

 Live load = -1.5kN/m2 

 

 

 

 

2. Performing Time History Analysis 

 

The method of dynamic analysis being used to study the structural response is Time 

history analysis. Time history analysis is a type of structural analysis used to study the 

dynamic behaviour of structures subjected to time-varying loads or motions. It involves 

modelling the structure using mathematical equations and analyzing its response to the 

input load or motion over time. In time history analysis, the load or motion is specified as 

Figure 29 G+2 Hospital Model 

Figure 30 G+2 Hospital Model with load 
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a function of time, such as a sinusoidal, random, or seismic ground motion. The analysis 

involves solving the equations of motion of the structure using numerical methods, such 

as finite element analysis, to obtain the displacement, velocity, and acceleration responses 

of the structure when subjected to certain time varying loads. 

The analysis helps engineers understand the dynamic response of structures to various 

loading conditions, including earthquake, wind, blast, and other transient events. It can be 

used to assess the structural integrity, identify potential failure modes, and design 

appropriate mitigation measures. Time history analysis is commonly used in the design of 

structures such as buildings, bridges, dams, and nuclear power plants. It is also used in the 

design of mechanical and aerospace systems, such as spacecraft, satellites, and aircraft 

 

Here are the steps being followed to carry out time history analysis. 

Upon adding all the static load cases, select the suitable type of Eigen value for the 

analysis. 

• The natural frequencies and modes of vibration of a structure are examined using 

Eigen values. It chooses the vibration modalities and natural frequencies that the 

structure will vibrate at. 

• The number of frequency is equal to the number of modes used to analyze the 

structure. 
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Next add the spectral data for the Time History Analysis. The analysis can generate both time 

history graph as well as response spectrum graph 

 Similarly, the analysis was run twenty times for two different spectral acceleration 

data and the time history graphs are as follows. 

Figure 31 Applying Eigen Value 

Figure 32 Spectral Data for the Time History Analysis 
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Figure 34  GM1 THA 1g 

Figure 33 GM1 THA 0.2g 
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Figure 36 GM1 THA 0.3g 

Figure 35 GM1THA 0.4g 
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Figure 38 GM1 THA 0.5g 

Figure 37 GM1 THA 0.6g 



46 
 

 

 

 

Figure 40 GM1 THA 0.7g 

Figure 39 GM1 THA 0.8g 
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Figure 42 GM1 THA 0.9g 

Figure 41 GM1 THA 1g 
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Figure 43 GM2 THA 0.1g to GM2 THA 1g 
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Figure 44 GM1 Response Spectrum 
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Fig: GM1 Response Spectrum  

Figure 45 GM2 Response Spectrum 
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Next add time history load case and the method of analysis. 

• Modal analysis is a method used in engineering to examine a structure or system's 

dynamic behaviour. It entails identifying and characterising the natural vibrational 

modes, frequencies, and associated modal parameters 

 

 

 

 

 

 

 

 

 

Add the ground acceleration data like arrival time and scale factor in each direction. 

• Arrival time is the time at which load assignment begins during analysis.it is being 

taken as 0.001sec 

 

• Scale factor is the coefficient multiplied with the load during analysis. Here it is 

taken as 1. 

 

 

 

 

 

 

 

 

Figure 46 Adding Time History load case 
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Finally perform the analysis 

Figure 47 Adding ground acceleration data like arrival time and scale factor in each direction 

Figure 48 Performing Analysis 
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3. Result 

From the result extract the inter story drift due to time history load. 

 

Apply the dead load and live load scale factor 

 The drift movable factor is taken as 0.004 

 The live load scale factor for building storey up to and including 3rd floor is taken as 

25%. 

 

Figure 49 Result 
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Similarly extract the results from other spectral acceleration data. 

 

 

Figure 50 Applying the dead load and live load scale factor 

Figure 51 Extracting the Results from other spectral Acceleration Data 
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Analyse the drift result  

• Check which storey failed under which load and analyse the result. 

 

GM1: According to the analysis result, the building started to fail when 

0.6g spectral data was being applied and completely failed upon 

applying spectral data above 0.6g. 

GM2: According to the analysis result, the building started to fail when 

0.7g spectral data was being applied and completely failed upon 

applying spectral data above 0.8g. 

 

 

2. Analyse the result. 

The storey displacement when subjected to the spectral acceleration which led to failure of the 

model. 

  

 

 

 

 

 

 

 

Figure 52 Analysing Drift Result 

Figure 53 Drift Result 

Figure 54 GM2: at 0.8g, G and G+1 storey failed. Figure 55 GM1: at 0.7g, G and G+1 storey failed. 
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After analysing the inter storey drift result, according plot the fragility curve. 

 

 

Figure 56 Fragility Curve for G+2 

 

From the curve, it can be said that the probability of failure of the model building is 

comparatively less and the damage sustained by the beams and columns is slight to moderate. 

It can be observed that the building fails only at higher ground acceleration, which in reality 

does not occur much often, so the design can be considered uneconomical. It can also be 

concluded that the design turned out to be more toward the target of earthquake proof rather 

than earthquake resistant which is expensive and unnecessary. 
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CHAPTER 6 

CONCLUSION & RECOMMENDATIONS 

 

Conclusion 

 

After a significant earthquake, it is clear that hospitals must be operational. This is rarely 

contested. While it is common practice to complement destroyed hospitals with emergency 

field hospitals, medical tents and air-lifts to nearby institutions, they are never a suitable 

replacement. Even though the measures are being taken every now and then to prevent 

devastating casualties of earthquake, the infrastructures are difficult to be earthquake proof so 

rather it is designed in such a way that it can at least withstand certain intensities.  

Non-structural components safety is difficult to analyze as there are no software or proven 

procedures to do. It can be mainly done by studying published literatures and researches done 

by the experts in the field. It can be concluded that as long as all the codal provisions are 

being followed while installing the non-structural component, less to no damage will be 

sustained the components. 

Structural components of a hospital are like the spine of the body. They should be all properly 

designed for the hospital to function properly pre and post-earthquake. From the analysis 

result, it can be concluded that the model hospital can withstand up to certain standard 

earthquake intensities and might function to its full ability post-earthquake. The design seems 

economical as it is cordially accepted when a structural components fails on and after 

application of spectral acceleration after 0.5g. Since the model starts to fail only after 0.7g it 

can be said that the model is earthquake resistant. 
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Recommendations 

 

It is advisable to consider incorporating non-structural components such as piping and 

electrical equipment systems into advanced software like SAP when modeling structures, in 

order to achieve more practical and realistic results. 

To analyze the impact of torsion, it is recommended to use ground motion data in two 

directions. Furthermore, when constructing building models, it would be beneficial to include 

structural walls and analyze their response to subjected ground motion. 
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