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Abstract: Earthquakes are unpredictable natural events that release significant amounts of energy, 

often causing severe damage to structures. Traditionally considered safe from seismic activity due 

to its distance from active seismic zones, Malaysia has recently experienced notable seismic events, 

particularly in Sabah, East Malaysia. Cities like Lahad Datu, Ranau, and Tawau in Sabah have 

recorded over seven earthquakes with magnitudes greater than 5. This trend underscores the need 

for Malaysia to address and mitigate the impacts of earthquakes on structures. In response, Malaysia 

has adopted the British Standard for seismic resistance, incorporating Eurocode provisions for 

industrial buildings. Despite the region's proximity to low seismic zones, many industrial buildings 

in Sarawak, used for storage and manufacturing, lack of seismic resistance. This study investigates 

the potential impact of earthquakes on these structures. By using SAP2000, Nonlinear Pushover 

Analysis and Nonlinear Time History Analysis were conducted on steel industrial buildings to 

assess their behavior under lateral pushover forces and dynamic ground motions, scaled to local 

seismic intensities per Eurocode 8 (EC8). Various parameters, such as base shear, maximum 

displacement, and spectrum curves, were examined, along with the effects of different bracing 

configurations and building heights. The results indicate that seismic performance decreases with 

increasing building height, with maximum displacements of 36mm for a 10m building and 99mm 

for a 20m building. Additionally, 4 X-bracing configurations significantly improve performance, 

reducing lateral displacement from 36mm to 14mm (pushover analysis) and from 11mm to 0.3mm 

(time history analysis), and enhancing base shear from 146.617kN to 234.941kN. The findings 

demonstrate that incorporating bracing systems can effectively enhance the seismic performance of 

industrial buildings. 

Keywords: Industrial buildings, seismic performance, non-linear pushover and time history 

analyses  

1. Introduction 

Recently, structural steel construction has gained significant popularity worldwide [1]. 

In developed countries like Japan and China, structural steel is commonly used and 

widely implemented in construction projects [2]. In Malaysia, while steel construction is 

not yet the norm, it is increasingly being adopted [3]. Notably, most high-rise and mid-

rise industrial buildings in Malaysia utilize structural steel. The performance in seismic of 

steel structure building is more suitable when compared to reinforced concrete structure 

building [4]. Earthquakes are natural disasters that can cause significant casualties and 

damage to buildings [5,6]. Typically, the majority of fatalities and injuries are not directly 

caused by the earthquake itself, but rather by the collapse of buildings [7]. Such collapses 

are generally due to the structural behavior of buildings during seismic events. The 

collapse of the building also depends on other factors such as architectural design, 

geometry configuration of structural elements in horizontal and vertical plans [8], 

earthquake zone, geographical location (distance to earthquake center), soil type, material 

quality, and construction quality [9]. 
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Eleven provinces were affected by the Kahramanmaraş earthquake that occurred on 

February 6, 2023, in Turkey, leaving a path of destruction and suffering in its wake [10]. 

Due to the loss of life and damage to buildings and infrastructure, the provinces of 

Kahramanmaraş, Adıyaman, Hatay, Osmaniye, Gaziantep, Kilis, Malatya, and Adana in 

eastern Turkey were seriously damaged [11]. The damaged structures included reinforced 

concrete, masonry building, wood buildings, historical buildings, industrial building 

(Steel Structures) and bridge [12]. There are a huge number of industrial structures (steel 

structures) that damaged due the earthquake [13]. Although the steel is an excellent 

earthquake resistant material, the steel structure will also be destroyed by the strong 

earthquake and this may cause death and economic loss [14]. 

The massive destruction to townships and port infrastructure, along with the nearly 

20,000 fatalities in the prefectures of Iwate, Miyagi, and Fukushima, are the most 

disastrous aspects of the 2011 Tohoku-Oki earthquake disaster [15]. The Fukushima 

nuclear accident was brought on by the same tsunami, and its effects will be experienced 

for many generations by the locals [16]. Many industries were made vulnerable when the 

earthquake and tsunami destroyed factories, resulting in an unexpected global disruption 

to the supply chain [17]. 

Many steel warehouse and steel industrial buildings were damaged during the 

Darfield earthquake in September 2010 [18]. These industrial buildings typically have 

light roofs and are built to withstand strong winds; light rod braces are commonly utilized 

in these situations [19]. Steel fabricators examined several warehouses after the 

earthquakes and retightened sagging braces that had stretched because of yielding during 

the earthquakes [20]. There have also been a few cases where tilt-up wall anchorages to 

steel structures have failed. Structural members of the steel warehouse destroyed, roof 

beams that have buckled under compression because of the tilt-up panels moving inward 

and the anchors failing as a result of their outward movement that caused by the 

earthquake [21]. 

Malaysia is surrounded with earth plates and the occurrence of earthquakes is driven 

by the movement of these tectonic crusts [22]. Peninsular Malaysia is located on the stable 

Sunda Trench as shown in Figure 1. In this table Sunda Trench, there are only got some 

low to moderate levels of seismic activity. Unfortunately, there will be some tremors that 

can be felt by the people that live on the west coast of Peninsular Malaysia and that 

tremors are produced by large earthquakes that centred in Sumatra and the Andaman Sea 

[23]. In East Malaysia especially Sabah State is unlike most of the other Malaysian states 

is characterized by common seismological activity. Generally, an earthquake of moderate 

magnitude is experienced at an interval of almost every 20 years. The source of the 

earthquake majorly from two major sources which are a local source as shown in Figure 

1 (example: Ranau and Lahad Datu) seismicity map of Sabah shows the presence of two 

zones of distinctive seismicity, these zones are near Ranau (near Kota Kinabalu) and 

Lahad Datu in the southeast of Sabah [24]. Sabah shows extraordinary earthquake 

activities compared to other regions of Malaysia. The occurrence of a moderate 

earthquake with magnitude Mw = 6.0 in June 2015 which produce some damage to 

buildings and caused the death of some tourists near Mount Kinabalu [4], [7], [9], [15], 

[25]. 

Most structures are vulnerable to lateral stresses, particularly dynamic and 

unpredictable seismic loads. In previous earthquakes, a large number of seismically 

sensitive buildings have collapsed or suffered significant damage [26]. Safe methods of 

design and construction quality control can aid in avoiding damage to property and loss 

of life [27]. Earthquake analysis and design concepts were developed in response to the 

earthquake's consequences and structural damage [28]. There are 4 types of earthquake 

analysis methods which are seismic coefficients method (equivalent linear static analysis), 

pushover analysis (non-linear static analysis), response spectrum technique (linear 

dynamic analysis) and time history analysis (non-linear dynamic analysis) [29-34]. 
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Fig. 1. The map of location of Peninsular Malaysia on the Suda Plate and the seismic sources around it 

2. Materials and Methods 

The height of structure and the type of bracing are the parameters that changed in the 
analysis. 21 models tabulated in Table 1 with different height and type of bracing are used 
in the nonlinear pushover analysis and time history analysis by using SAP2000. Moreover, 
there are several types of analysis, design standards, materials and properties that available 
in SAP2000 to choose. These parameters play a very important role in the upcoming 
modelling and analysis. Therefore, it is important to define the model information to the 
preferred settings first before proceeding to the modelling procedure. Material properties 
define the characteristics of the material which will be used in the model in terms of the 
region, material type, standards, and grade. Since there is no Malaysia available in the 
region tab, grade S355 steel materials from Europe and Eurocode 3, EN1993-1-1 is 
chosen. SAP2000 v25 has a pre-installed library that provides a wide range of steel 
sections to be chosen. The imported members can be categorized into a property, which 
allow the software to automatically chose the amend the insufficient member to ensure the 
frame is adequately designed to the applied loads without including earthquake loads. In 
this study, several types of steel sections, which are I Beam, I Column, and Equal Angles 
will be imported and categorized as Beams, Columns, and Bracing. 

Upon the generation of load cases and load combinations, appropriate wind, dead, and 

live loads are applied onto the model to show realistic results. MS EN 1991-1-1:2010, MS 

EN 1991-1-4:2010 MS 1553:2002 are the codes that used to calculate the dead load, live load 

and wind load that acting on the models. After providing loads onto the member, the 

model is first analysed to check the deformation of the model. SAP2000 allows the 

animation to show how the model shall deform. From the analysis result, green lines are 

observed in the structural members indicating that the member provided are adequate to 

resist the given loads. Meanwhile, purlins are shown in red colour, indicating that 

members are failed. However, these purlins are not considered as structural members as 

they are used to hold metal roof sheet. The adequate member will be designed and 

provided by SAP2000 and tabulated in Table 2. Weak beam-strong column (WBSC) 

concept implies that beams in a structure will tend to fail by forming plastic hinges before 

columns. This is to prevent the progressive collapse of a structure due to cascade effect 

created by column failure in the lower levels. In order to obtain Weak Beam-Strong 

Column, Grade 355 steel is chosen for both beams and columns so that it can be checked 
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using Equation 1, where Eq1 is used to check for nodes where 2 beams and 2 columns are 

intersecting. 

 
 

After getting the horizontal force from the previous calculation, it can be added 

into the model in SAP2000 as seismic load. The horizontal load of 314.184 kN point 

load is added to the joints of the columns where wind loads are applied. As the 

horizontal force is added onto the model, the analysis is then conducted. After the 

completion of analysis, the estimated deformed shape of the model can be observed 

in either three-dimensional view or elevation views. The pushover analysis will be 

conducted for several different models that configured for seismic fragility 

assessment. Each model will be conducted pushover analysis in X and Y directions to 

determine the direction that gives the most critical effect to the building. 
Table 1 Tabulation of the model that used for analysis 

 
 

Ground motion record is important for the time history analysis. There are various 

sources to obtain ground motion records. In this study, online ground motion data 

from ‘PEER Ground Motion Database’ will be adopted. From PEER online ground 

motion database, ground motion of earthquake in Tokat and Aydin are adopted. The 

downloaded ground motion record is unscaled. Thus, it is required to plot the ground 

motion record to scale before import into SAP2000. The earthquake data need to be 

rescaling into 0.05g, 0.10g, 0.15g, 0.20g, 0.25g and 0.30g by using the formula below: 

 

 
 

After scaling, all the ground motion record will be save in text file. All the saved 

files is to be imported into SAP2000 by several procedures. While creating the non-

linear time history analysis load cases, it is important to pay sufficient on the load 

applied in each load case. In this study, each time history analysis load case has 
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acceleration load applied in either X or Y direction with a scale factor of 9.81 m/s2 for 

each ground motion record inserted into the model. Time history analysis is then 

performed. Prior to time history analysis, it is suggested to check the model 

thoroughly making sure that there is no mistake or information inconsistency as the 

analysis takes relatively longer time to conduct compared to pushover analysis.  

Table 2 Tabulation of selected sizes for each structural member

 

3. Results 

Results of pushover analysis will be presented in several ways: (1) comparison 

of steel industrial building with different heights, (2) comparison of steel industrial 

building with different types of bracing, and (3) comparison the height of the steel 

industrial building and the type of bracing in terms of seismic performance. The 

deformed shape and the hinge formation will be record. The deformation shape and 

the formation of hinge of Model 1 (10m without bracing) as shown in Figure 2 

 

Fig. 2 .The deformation shape of the Model 1 

Since this model without any horizontal force resisting system such as bracing, 

most of hinges in columns is in the safe stage while there are 4 hinges in column in IO 

stage. However, all the hinges in the steel beam in CP stage which means the steel 

warehouse without any horizontal force resisting system cannot withstand the 

horizontal force such as seismic force. 
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The static pushover curve or the graph of base shear against displacement is the 

result of the pushover analysis on the selected structure. The static pushover curve of 

every will be used to do comparison based on the height of structure and type of 

bracing. Figure 3 illustrates the relationship between base shear and displacement for 

a steel warehouse of different heights (10 meters, 15 meters, and 20 meters) without 

bracing, obtained through pushover analysis. The 10-meter structure exhibits the 

highest base shear values, indicating that it is the most resistant to lateral loads. In 

contrast, the 20-meter structure shows the lowest base shear values, suggesting it is 

the least resistant. As the height of the structure increases, its resistance to lateral loads 

decreases, resulting in lower base shear values for a given displacement. This 

highlights the importance of bracing in taller structures to improve their stability and 

resistance to lateral forces. 

 

Fig. 3. The graph of base shear against displacement for the model with different 

height (without bracing) 

Type of bracing will also affect the seismic performance of the structures. Figure 

4 shows that different bracing configurations affect the base shear and displacement 

behavior of the structure. For the model of 10m with 4 X- bracing, this configuration 

shows the highest base shear for a given displacement, indicating it provides the 

greatest resistance against lateral loads. This means it's the most rigid and can 

withstand higher forces before displacing significantly. Next, for the model with 10m 

and 2 X-bracing and model of 10m with 4 diagonal bracing, these configurations also 

show relatively high base shear values but less than the 4 X bracing. They provide 

substantial resistance but are slightly less stiff. Other than that, for the model of 10m 

with 2 diagonal bracing and the model of 10m with 4 V-bracing, these configurations 

provide moderate resistance, with lower base shear values compared to the above 

configurations. Apart from that, for the model of 10m with 2 V bracing, this 

configuration shows lower base shear values than the above configurations, this 

indicating less resistance to displacement. Moreover, for the model of 10m without 

bracing, this configuration shows the lowest base shear values, indicating it provides 

the least resistance to lateral loads and is the least stiff. All curves show a positive 
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relationship between base shear and displacement. As displacement increases, the 

base shear also increases, which is typical in pushover analysis where higher lateral 

loads lead to greater structural displacement. In summary, the graph indicates that 

adding more bracing, especially X bracing, significantly increases the base shear 

capacity of the structure, making it more resistant to lateral loads and less prone to 

large displacements during events like earthquakes. The structure without bracing is 

the least resistant, showing the importance of bracing in enhancing structural 

performance. 

 

Fig. 4. The graph of base shear against displacement (10m with different bracing)  

4. Discussion 

The Table 3 displays the results of a pushover analysis, focusing on the 

displacement (in meters) of structures of varying heights (10m, 15m, and 20m) with 

different types of bracing. The types of bracing include: no bracing, X bracing (2 braces 

and 4 braces), V bracing (2 braces and 4 braces), and diagonal bracing (2 braces and 

4braces). Generally, the data shows that structures without bracing exhibit the highest 

displacements, indicating the least resistance to lateral loads. For instance, a 20m 

structure without bracing has a displacement of 0.099m. In contrast, structures with X 

bracing (4 braces) have the lowest displacements, suggesting better performance 

under lateral loads, as seen with a 15m structure having a displacement of just 0.004m. 

Overall, the displacement decreases as the type of bracing changes from without 

bracing to various forms of bracing, highlighting the effectiveness of bracing in 

enhancing structural stiffness and reducing lateral displacements. 

Table 3. Tabulation of performance points 

Model Height Bracing D (m) Base Shear (kN) 

Model 1 10m Without bracing 0.036 346.617 

Model 2 10m X bracing (2B) 0.014 204.982 

Model 3 10m X bracing (4B) 0.011 234.941 

Model 4 10m V bracing (2B) 0.017 204.974 

Model 5 10m V bracing (4B) 0.014 205.082 

Model 6 10m Diagonal Bracing (2B) 0.016 205.233 

Model 7 10m Diagonal Bracing (4B) 0.013 205.114 
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Model 8 15m Without bracing 0.068 102.714 

Model 9 15m X bracing (2B) 0.007 237.774 

Model 10 15m X bracing (4B) 0.004 241.692 

Model 11 15m V bracing (2B) 0.018 237.823 

Model 12 15m V bracing (2B) 0.010 242.759 

Model 13 15m Bracing (2B) 0.013 235.178 

Model 14 15m Diagonal Bracing (4B) 0.008 244.137 

Model 15 20m Without bracing 0.099 80.428 

Model 16 20m X bracing (2B) 0.020 272.901 

Model 17 20m X bracing (4B) 0.010 280.580 

Model 18 20m V bracing (2B) 0.054 269.080 

Model 19 20m V bracing (4B) 0.031 276.873 

Model 20 20m Diagonal Bracing (2B) 0.032 247.270 

Model 21 20m Diagonal Bracing (4B) 0.019 273.480 

 

All of the models were analysed using Dynamic Analysis or Time History 

Analysis. Two of the ground motion record (Aydin Earthquake and Tokat Earthquake) 

will be used to analysis all the models. The result of the time history analysis will be 

plotted in the graph of displacement against time as shown in the Figure 5. From the 

graph, it shown that the structure witn 10m without bracing has the highest 

displaemnt when compared to other structure. 

 

Fig. 5. Graph of Displacement Against Time (10m Aydin 0.30g) 

The graph in Figure 6 illustrates the results of a time history analysis performed 

on a steel warehouse with different heights (10m, 15m, and 20m) subjected to two 

different earthquake records: the Aydin Earthquake (A) and the Tokat Earthquake (T). 

The displacement of joint of the warehouse is plotted against time, showing how the 

structure's lateral displacement evolves during seismic events. 

The data shows distinct patterns of displacement for the different heights and 

earthquake records. For the 10m structure, the displacement curves for both the Aydin 

and Tokat earthquake records show relatively small increases over time, with the 

Aydin record resulting in slightly higher displacements than the Tokat record. This 

suggests that the 10m structure experiences moderate lateral movement under both 

earthquake conditions, with a marginally greater impact from the Aydin Earthquake. 
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For the 15m structure, the displacement curves for the Aydin and Tokat records 

demonstrate more pronounced increases in displacement compared to the 10m 

structure. The Tokat record results in higher displacements, indicating that the 15m 

structure is more significantly affected by this earthquake. The increasing trend in 

displacement highlights the greater susceptibility of taller structures to seismic forces. 

The 20m structure exhibits the highest displacements among the three heights, 

with the Aydin and Tokat records showing steep increases in displacement over time. 

The Aydin Earthquake induces the largest displacements, reaching up to 

approximately 0.45 meters, suggesting that the tallest structure undergoes substantial 

lateral movement and deformation during this seismic event. Overall, the graph 

clearly shows that the displacement of the steel warehouse increases with height, with 

taller structures experiencing greater lateral movement during earthquakes. 

Additionally, the Aydin Earthquake generally results in higher displacements than 

the Tokat Earthquake, indicating a more severe impact on the structural performance. 

This analysis underscores the importance of considering both the height of structures 

and the characteristics of different earthquake records in seismic design and 

assessment.  

 

Fig. 6. Graph of Displacement Against Time (For structure with different height) 

The graph in Figure 4.7 illustrates the displacement over time for a 10-meter steel 

warehouse subjected to the Aydin Earthquake with a peak ground acceleration of 

0.30g. The analysis compares the effectiveness of various types of bracing in mitigating 

structural displacement during seismic activity. 

The warehouse without any bracing, which experiences the highest 

displacement, reaching approximately 0.012 meters by the 80-second mark. This 

indicates that the absence of bracing results in significant structural movement under 

seismic forces, making it the least effective in resisting earthquake-induced 

displacements. 

Next, the warehouse with four X bracings, which shows one of the lowest 

displacement values over time. This suggests that the 4 X bracings provide substantial 

resistance to seismic forces, effectively minimizing displacement. Similarly, the dark 

green line represents the warehouse with four diagonal bracings, also demonstrating 

low displacement values. This indicates that both X and diagonal bracings are equally 

effective in reducing seismic displacement. 
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Apart from that, the warehouse with two X bracings, which experiences slightly 

higher displacement than the one with four X bracings but still maintains relatively 

low values. This configuration, while effective, is less resistant compared to its 

counterpart with four X bracings. The light green line represents the warehouse with 

two diagonal bracings, showing slightly higher displacement than the four diagonal 

bracings but remaining effective in minimizing movement. This provides a moderate 

level of seismic resistance. 

Furthermore, the warehouse with four V bracings, displaying low displacement 

values similar to the four X and four diagonal bracings. This demonstrates that V 

bracings are also highly effective in reducing seismic-induced displacements. The 

orange line, corresponding to the warehouse with two V bracings, shows slightly 

higher displacement compared to the four V bracings but remains relatively low. This 

indicates that while two V bracings offer good resistance, increasing the number of 

bracings enhances structural stability. Overall, the graph reveals that the presence of 

bracing significantly reduces displacement in a steel warehouse during an earthquake. 

Among the various bracing types, configurations with four bracings (X, diagonal, or 

V) show the most effective performance, maintaining the lowest displacement values. 

In contrast, the absence of bracing results in the highest displacement, underscoring 

the critical importance of bracing in seismic design to ensure structural stability and 

safety. 

 

 

Fig. 7. Graph of Displacement against Time (For structure with different height) 

5. Conclusion 

For the pushover analysis, the maximum displacement increases from the 

structure with 10m height to 20m height (Maximum displacement of Model 1 is 

0.036m, maximum displacement of Model 8 is 0.068m, maximum displacement of 

Model 3 is 0.099m). The low structure has strong seismic performance while high 

structure has weak structure performance which proved in term of the maximum 

interstory displacement during seismic condition based on Eurocode 8. However, for 

the time history analysis by using record of Aydin 0.30g and Tokat 0.30g, the 

maximum displacement also increases when the height of the structure increases. 

From both the pushover analysis and time history analysis, 4 X-bracing provide 

the better seismic performance to the structure. The maximum displacement of the 
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structure with 4 X-bracing is 0.011m which is the lowest when compared to other type 

of bracing. 

Adding bracing to a structure (regardless of height) dramatically reduces 

displacement. The tenfold reduction in displacement highlights the dominant role of 

bracing. While the displacement increases with height for unbraced structures, the 

increase is marginal when effective bracing is applied. This is showing that the height 

impact is secondary to the bracing effect. So, the bracing system’s ability to 

significantly enhance stiffness, strength, and energy absorption makes it a critical 

factor in controlling seismic displacements. While the height of a structure influences 

its behavior under seismic forces. 

REFERENCES 

[1] Niraula, B. P., & Patel, N. (2023). Comparative Study Of A Steel Structure Building With Reinforced 

Concrete Structure Under Seismic Forces With Response Spectrum Analysis. International Research 

Journal of Engineering and Technology, 10(10), 153-158. www.irjet.net 

[2] Teddy, L., Hardiman, G., Nuroji., & Tudjono, N. (2004). The effect of earthquake on architecture 

geometry with non-parallel system irregularity configuration. IOP Conference Series: Earth and 

Environmental Science. https://doi :10.1088/1755-1315/99/1/012004 

[3] Najar, I. A., Ahmadi, R. B., Jamian, M. A. H., Hamza, H. B., Ahmad, A., & Sin, C. H. (2022). Site-specific 

ground response analysis using the geotechnical dataset in moderate seismicity region. International Journal 

of Mechanics, 16(1), 37-45. 

[4] Ahmad, B., & Najar, I. A. (2016). Comparative seismic analysis of EL Centro and Japan earthquakes using 

response spectra method. International Journal of Current Engineering and Technology, 6(5), 1859-1864. 

[5] Najar, I. A., Ahmadi, R., Amuda, A. G., Mourad, R., Bendary, N. E., Ismail, I., ... & Tang, S. (2025). Advancing 

soil-structure interaction (SSI): A comprehensive review of current practices, challenges, and future 

directions. Journal of Infrastructure Preservation and Resilience, 6(1), 5. 

[6] Ahmadi, R., Najar, I. A., Abdullahi, A. F., Sa’don, N. M., Hamza, H., & Najar, N. A. (2020). Computational 

investigation of soil liquefaction susceptibility based on standard penetration test value of Miri district 

(Sarawak, Malaysia). International Journal of Advanced Science and Technology, 29(7), 2735-2748. 

[7] Ahmadi, R., Suhaili, M. H. A. M., Najar, I. A., Ladi, M. A., Bakie, N. A., & Abdullahi, A. F. (2021). Evaluation 

on the Soil flexibility of the largest HEP dam area in East Malaysia using 1-D Equivalent Linear Analysis. Int 

J Adv Sci Eng Inf Technol, 11(4), 1535-1542. 

[8] Najar, I. A., Ahmadi, R. B., Hamza, H., Sa’don, N. B. M., & Ahmad, A. (2020). First order seismic 

microzonation of Miri district of Sarawak Malaysia using AHP-GIS platform. Test Eng. Manag, 83(2), 13. 

[9] Najar, I. A., Ahmadi, R., Khalik, Y. K. A., Mohamad, N. Z., Jamian, M. A. H., & Najar, N. A. (2022). A 

framework of systematic land use vulnerability modeling based on seismic microzonation: A case study of 

miri district of Sarawak, Malaysia. International Journal of Design & Nature and Ecodynamics, 17(5), 669-677. 

[10] Najar, I. A., Ahmadi, R., Khalik, Y. K. A., Taib, S. N. L., Sutan, N. B. M., & Ramli, N. B. (2023). Soil suffusion 

under the dual threat of rainfall and seismic vibration. Int. J. Des. Nat. Ecodynamics, 18(4), 849-860. 

[11] Mourad, R., Wahid, J. B., Alkubise, O. A. A., & Najar, I. A. (2023). Investigation of the sustainability potentials 

in the ten house project bangkok-thailand. Int. J. Sustain. Dev. Plan, 18(3), 729-735. 

[12] Ahmadi, R., Najar, I. A., Abdullahi, A. F., & Galin, T. (2021, March). Response spectra for moderate seismic 

area-application to Miri district of Sarawak, Malaysia. In IOP Conference Series: Materials Science and 

Engineering (Vol. 1101, No. 1, p. 012020). IOP Publishing. 

[13] Kemal, O. C., & Makbule, I. (2023). Reconnaissance Report on February 6, 2023 Kahramanmaraş- 

Pazarcık (Mw=7.7) and Elbistan (Mw=7.6) Earthquake. 

[14] Okazaki, T., Lignos, D. G., Mitsumasa, M., James, M. R., & Jay, L. (2013). Damage of Steel Buildings 

Observed after 2011 Tohuku-Oki Earthquake. Earthquake Engineering Research Institute, 29(1), 219-

243. https://doi.org/10.1193/1.4000124 

http://www.irjet.net/


 62 
 

 

 

  
Nexus Engineering Chronicle, 2025, 1(1), 51-62.                                                                        https://nexusjurnal.org/ojs/index.php/nec 

[15] Najar, I. A., Ahmadi, R. B., Najar, N. A., Akbar, S., & Binti, N. S. (2020). Review of impact of 2004 great 

Sumatra-Andaman mega thrust earthquake and Tsunami on affected countries using ECLAC DaLA 

framework. J. Environ. Eng. Stud, 5(1), 36-45. 

[16] Ben, S. K., Ahmadi, R., Bustami, R. A., & Najar, I. A. (2023, March). Numerical investigation of seismic hazard 

and risk of Murum Hydro-Electric Dam (MHEP). In International Conference on Dam Safety Management and 

Engineering (pp. 855-869). Singapore: Springer Nature Singapore. 

[17] Ahmadi, R., Ahmad, A., Abdullahi, A. F., Najar, I. A., & Muhamad Suhaili, M. H. A. (2019). A Framework 

on site-specific probabilistic seismic hazard assessment of Tabung Haji Hotel and convention centre in 

Kuching, Sarawak, Malaysia. In 4th World Congress on Disaster Management-IIT Bombay (pp. 1-10). 

[18] Aziz. S, A. Y. A., & Najar, I. A. (2023). Seismic capacity using finite element analysis: A case study of murum 

powerhouse. Acadlore Trans. Geosci, 2(2), 70-79. 

[19] Clifton, C., Bruneau, M., Rae, G. M., Leon, R., Alistair, F. (2011). Steel Structures Damage from The 

Christchurch Earthquake Series Of 2010 And 2011. Bulletin of The New Zealand Society for Earthquake 

Engineering, 44(4), 297-318. 

https://pdfs.semanticscholar.org/6496/d68ea54354bb354b97be9d88c5dc61442008.pdf  

[20] Halim, I. S. A., Rambat, A., & Ramzanee, M. N. N. (2022). Site-Suitability Analysis on Seismic Stations 

using Geographic Information Systems. Disaster Advance, 15(2). 

http://dx.doi.org/10.25303/1502da001014 

[21] Ahmad, A. B., Ahmadi, R., Najar, I. A., & Abidin, A. S. Z. (2024). Comprehension of energy-based methods 

for investigating soil suffusion uncertainties. Int J Des Nat Ecodyn, 19(3), 733-743. 

[22] Najar, I. A., & Ahmadi, R. (2023). Editorial scope: Geotechnical earthquake engineering edition. J. Civ. Eng. 

Sci. Technol, 14(2), 78-82. 

[23] Najar, I. A., Ahmadi, R., Bhawani, S. A., Namakka, M., & Ramli, N. H. (2025). Impacts of oil spill on 

geotechnical properties of soil. In Biobased Materials and Their Composites for Oil Spill Treatment (pp. 39-51). 

Singapore: Springer Nature Singapore. 

[24] Ramli, N. H., Taib, S. N. L., Sa’don, N. M., Ismail, D. S. A., Ahmadi, R., Najar, I. A., ... & Masron, T. (2025). 

Comparative Analysis of Local and Transferred ANN Models in Landslide Susceptibility Prediction in a 

Tropical Region. Journal homepage: http://iieta. org/journals/ijdne, 20(2), 349-357. 

[25] Ramli, N. H., Taib, S. N. L., Sa’don, N. M., Ahmadi, R., Ismail, D. S. A., Najar, I. A., ... & Rahman, N. A. 

(2025). Transferability of an Artificial Neural Network Model for Landslide Susceptibility Prediction: 

Extending from Western Sarawak to Tuaran and Penampang, Sabah. Journal of Advanced Research 

Design, 146(1), 1-12. 

[26] Najar, I. A., Ahmadi, R., Mourad, R., Bendary, N. E., Tang, S., Ahmad, A., ... & Haris, M. N. F. (2025). 

Laboratory Investigation of Soil Suffusion Through Particle Size Distribution and Hydraulic Conductivity 

Analysis. Iranian Journal of Science and Technology, Transactions of Civil Engineering, 1-19. 

[27] Najar, N. A., Najar, I. A., Bhawani, S. A., Najar, F. A., & Najar, F. A. (2025). An Overview of Mechanized 

Solutions for Oil Spill Treatment. Biobased Materials and Their Composites for Oil Spill Treatment, 19-

38. 

[28] Najar, I. A., Bhawani, S. A., Bhat, A. H., Ahmadi, R., Tang, S., Khalik, Y. K. A., & Najar, N. A. (2025). 

Biodegradable Waste Sorbents for Oil Spill Treatment. In Biobased Materials and Their Composites for 

Oil Spill Treatment (pp. 77-90). Singapore: Springer Nature Singapore. 

[29] Amin, E. K., Ismail, A. A., Hanteh, G., Hesham, E. A. H., & Sohail, K. (2017). Probabilistic Seismic 

Hazard Assessments of Sabah, East Malaysia: Accounting For Local Earthquake Activity Near Ranau. 

Journal of Geophysics and Engineering, 15(1), 13-25. https://doi.org/10.1088/1742-2140/aa8d51 

[30] Rebouh, N., Belkendil, A., Tout, F. et al. Landslide susceptibility assessment using hybrid geospatial, 

frequency ratio, and AHP models in Souk Ahras province, Northeastern of Algeria. Sci Rep (2025). 

https://doi.org/10.1038/s41598-025-32062-2 

http://dx.doi.org/10.25303/1502da001014
https://doi.org/10.1088/1742-2140/aa8d51

