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Abstract 

Purpose: This study aimed to redesign the structure of the Al-Murqoniyah Vocational School 

building using SNI 1726-2012 for earthquakes and SNI 1726-2012 for concrete. 2847 – 2013. 

Research Methodology: A 2-story building structure was planned using the moment-resisting 

frame system method with structural modeling using a 3-dimensional portal with the help of ETABS 

version 2013. 

Results: Based on the results of the analysis carried out using a structural analysis program, it can 

be stated that the structural elements of this building are safe in terms of analysis, and the structure 

of the Al-Murqoniyah Vocational School learning building has been planned according to applicable 

design principles. 

Conclusions: Based on the analysis, the structural elements of the Al-Murqoniyah Vocational 

School building are safe and compliant with the required design rules. The building has been 

planned according to SNI 1726-2012 and SNI 2847-2013 standards. 

Limitations: The study is limited by the lack of available soil data due to the pandemic, which 

impacted the foundation analysis. Future studies should include a more detailed substructure 

analysis and on-site soil investigations. 

Contributions: This study provides an in-depth analysis of the structural design for earthquake 

resistance and concrete structures, which will be useful for future building projects. The findings 

help improve the design of multi-story school buildings and provide valuable insights into the 

importance of reinforcement and compliance with SNI standards. 
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1. Introduction 
 

Schools play an essential role in the improvement of human life and the overall quality of life, particularly 

in the context of educational development (Ayuningtyas & Ilman, 2021; Madani, 2019). They provide 

structured environments where students engage in learning activities, guided by qualified teachers 

(Hyypiä et al., 2019; Malik & Rizvi, 2018; Wahyuningsih et al., 2021). A key component of these 

learning environments is the classroom, which significantly influences the quality and effectiveness 

of education. The classroom not only serves as a space for academic learning but also as a venue for 

nurturing creativity, critical thinking, and social interaction among students (Amor & Verdugo, 2018; 
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Syahrial & Sudono, 2021). 

Al-Murqoniyah Vocational School, located in Bogor Regency, is a private educational institution that 

offers vocational training to students. As the school’s student population grows each year, there is an 

increasing need for additional learning spaces to accommodate the rising demand (Ellis & Goodyear, 

2016; Park et al., 2016). In response to this challenge, the school plans to build new classrooms. This 

initiative requires a thorough structural analysis to ensure the new building meets the safety, functionality, 

and durability standards necessary for educational purposes (Berlian Rms & Wahyuningsih, 2021; Muñoz 

et al., 2020). The existing Al-Murqoniyah Vocational School structure currently consists of a one-story 

building that has been in use for several years to support teaching and learning activities. However, with 

an increase in the number of students, it has become evident that additional classrooms are required 

to maintain an effective learning environment (Bonem et al., 2020; Sergis et al., 2018; Webster et al., 

2015). The construction of a second-floor classroom building is essential for accommodating more 

students, allowing for better utilization of space, and providing teachers with the flexibility to deliver 

varied educational materials (Beckers et al., 2015; Cort et al., 2017; Khajehzadeh & Vale, 2016). 

The addition of a second floor will not only expand the capacity of the school but also provide a fresh 

learning atmosphere that is conducive to student engagement and motivation (Saputro & Soleha, 2021; 

Shernoff et al., 2017). It is expected that the new classrooms will foster an environment that enhances the 

overall educational experience, in line with the school’s curriculum and contemporary learning methods 

(Kinshuk et al., 2016; Ricardianto et al., 2021; Susanto et al., 2021). The redesign of Al-Murqoniyah 

Vocational School will feature a two-story building that will house classrooms, a teacher’s room, a 

principal’s office, and a laboratory for the electronics engineering program. The construction will follow 

conventional building methods using reinforced concrete, which is the primary material chosen for its 

strength, durability, and cost-effectiveness (Hyun et al., 2017; Parmenas, 2021; Younis et al., 2020). This 

research aims to design the structural components of the new building, ensuring compliance with safety 

and strength requirements outlined in the relevant national standards (AbouHamad & Abu-Hamd, 2019; 

Aman et al., 2015; Younis et al., 2018). 

The primary goal of this research is to provide a comprehensive structural design for the new two-story 

building, taking into account the necessary earthquake resistance measures and the requirements for 

reinforced concrete structures as set forth by Indonesian national standards (Bahmani et al., 2016; 

van de Lindt et al., 2019). Specifically, the building design will adhere to the guidelines established in 

SNI 1726:2012, which provides the procedure for earthquake-resistant planning for buildings, and SNI 

2847:2013, which outlines the standards for concrete structures in buildings (Setyawati & Aristiyanto, 

2021; Setyawati et al., 2021; Susanto & Parmenas, 2021). By following these standards, the design aims 

to ensure the safety and structural integrity of the new classrooms while also supporting the school’s 

long-term educational goals (Satria, 2021; Solihin, 2021). Through this research, we seek to contribute 

to the development of safe, efficient, and sustainable educational infrastructures that will enhance the 

quality of education in the region and provide a positive learning environment for future generations of 

students at Al-Murqoniyah Vocational School. 

 

2. Literature Review 
 

2.1 Loading Structure 

The planning provisions in SNI 2847-2013 procedures are based on the assumption that the structure is 

designed to support its working load (Kuncoro & Harahap, 2021; Munthe & Nalahuddin, 2019). Article 

1, page 7 of the 1983 Indonesian Building Loading Regulations explains the definition of loading as 

follows: 
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• Dead load is the weight of all parts of a building that are permanent in nature, including all 

additional elements, finishes, and permanent equipment that are an integral part of the building. 

• Live loads are all loads that occur due to the use of a building, including floor loads that originate 

from movable loads that cause changes in the floor and roof loading. Specifically, for roofs, live 

loads include rainwater loads caused by puddles and falling water droplets. 

• Wind load is the load acting on a building or part of a building caused by differences in air pressure. 

• Earthquake loads are equivalent static loads that act on a building or part of a building and mimic 

the effects of ground movement caused by an earthquake. The effects of an earthquake on a 

building’s structure are determined using dynamic analysis. 

2.2 Stiffness Structure 

A rigid frame is a rigid connection used between linear structural arrangements to form vertical and 

horizontal planes. The vertical plane consists of columns and beams, usually arranged on a square grid 

(Heriyanto, 2021; Rana & Raheem, 2015). 

2.3 Factor Priority And Category Risk Structure 

Article 4.1.2 SNI 1726-2012, for various risk categories of building and non-building structures according 

to Table 2.1, the impact of the planned earthquake on them must be multiplied by the priority factor Ie. 

Specifically, for building structures with risk category IV, if an entrance door is required for operations 

and adjacent building structures, the adjacent building structures must be designed according to risk 

category IV. 

Table 1. Risk Category of Buildings and Non-Buildings for Earthquake Loads 
 

Type of Utilization Risk Category 

Buildings and non-buildings designated as essential facilities, in- 

cluding but not limited to: 

• Monumental buildings 

• School buildings and educational facilities 

• Hospitals and other health facilities with surgery facilities 

and emergency units 

• Fire stations, ambulance facilities, police offices, and emer- 

gency vehicle garages 

IV 

Source: SNI 1726–2012 

 

Based on Table 1, school buildings and educational facilities are classified into Risk Category IV 

according to SNI 1726–2012. This category indicates that the building has an important function and 

must remain operational during and after an earthquake (Keke et al., 2021; Mieler & Mitrani-Reiser, 

2018). Therefore, the structural planning and design must comply with earthquake-resistant building 

standards to ensure the safety and reliability of the structure. 

2.4 Design Structure Concrete Boned 

SNI 2847-2013, concrete is a mixture of Portland cement or other hydraulic cement, fine aggregate, 

coarse aggregate, and water, with or without additives that form a solid mass. SNI 2847-2013, reinforced 

concrete is concrete that is reinforced with an area and number of reinforcements that are not less than the 

minimum value, which is required with or without prestressing, and is planned based on the assumption 

that both materials work together in resisting the forces applied. 
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2.5 Analysis And Design 

2.5.1 Design 

All reinforced concrete structural components must be designed to be sufficiently strong in accordance 

with the provisions required in the SNI 2847-2013 standard regarding procedures for calculating concrete 

structures for buildings (Agusinta et al., 2021; Anggraini, 2021), using appropriate load factors and 

strength reduction factors φ . 

2.5.2 Modulus Elasticity 

The modulus of elasticity of concrete and steel reinforcement is determined as follows: 

1. For concrete with a density between 1500 kg/m3 and 2500 kg/m3, the modulus of elasticity Ec can 

be taken as (wc)1.5 × 0.0043 fc′ (MPa). 

2. For normal concrete, Ec can be taken as: 

 

Ec = 4700 fc′ 

3. The modulus of elasticity for non-prestressed reinforcing steel is taken as 200000 MPa. 

2.5.3 Provision About Strength And Ability Service 

The structure must be planned such that all cross-sections have a minimum design strength equal to the 

required strength, which is calculated based on a combination of factored loads and forces (Aprillita & 

Perkasa, 2021; Zhao et al., 2017). 

2.6 Required Strength 

The required strength of a structural component or cross-section is the strength needed to resist factored 

loads or moments and internal forces associated with those loads in combination, as specified in SNI 

2847-2013 procedures. 

The required strength according to Chapter 9.2.1 of SNI 2847-2013 is: 

U = 1.4D 

U = 1.2D + 1.6L 

U = 0.75(1.2D + 1.6L + 1.6W) 

U = 0.9D + 1.3W 

U = 1.05(D + 0.6L + E) 

U = 0.9(D + E) 

Where: 

• D = dead load, 

• L = live load, 

• W = wind load, 

• E = earthquake load. 

2.7 Strong Plan 

The design strength of structural components and their cross-sections, with respect to bending, normal 

load, shear, and torsion behavior (Kˇrístek et al., 2018), shall be taken as the product of the nominal 

strength, calculated based on the provisions and assumptions from the order method, with a factor 

reduction strength φ . The factor reduction strength φ is determined as follows: 
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• Moment flexible without style axial φ = 0.90 

SNI 2847-2013 chapter 9.3.2.7 

• Style axial pull, or moment with style pull φ = 0.90 

SNI 2847-2013 article 9.3.2.1 

• Style axial press, or moment with style press φ = 0.75 

SNI 2847-2013 article 9.3.2.2 

• Style shift φ = 0.75 

SNI 2847-2013 chapter 9.3.2.3 

 

3. Methodology 
 

Research methodology refers to the stages of research that must be established before problem-solving can 

be undertaken. This allows for focused research and facilitates the analysis of problems (Sunarya2018). 

The flowchart of the research method is shown in Figure 1. 
 

Figure 1. Research Flowchart 

 

Based on Figure 1, the research methodology begins with the "Start" point, followed by a Field Study 

to identify the problem. The process continues with Problem Identification and Problem Formulation, 

leading to the step of Determining the Background, Problem Boundaries, and Research Objectives. The 

next stage involves Data Collection, which then branches into Data Processing or conducting a Literature 

Review. Afterward, the study proceeds to Results and Analysis, followed by drawing Conclusions and 

Recommendations, and concludes with the Finish point. This structured approach outlines the flow of 

the research process, ensuring each step is followed methodically. 

3.1 Diagram Flow Design 

Structural design must be carried out before the construction process. refers to regulation – regulation, 

which is related to the structure of multi-storey buildings so that the results are as expected. The flow 

diagram explains the design of the building structure in detail. In general, the structural design method 

for the AL-Murqoniyah Vocational School building with a moment frame system is as follows: 

1. Collection Data 
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a. Regulation books, including SNI 1726 – 2012 concerning Procedures for Earthquake Resis-

tance Planning for Building Structures, SNI 2847-2013 on Procedures for Planning Concrete 

Structures for Buildings, and SNI 03 – 1727 – 1989 on Indonesian Loading Procedures for 

Houses and Buildings. 

b. Based on Figure 2, Building The Al-Murqoniyah Vocational School building is located on Jl. 

Tajur Tapos RT 21/07 Kp. Tajur Tapos, Hambalang Village, and Sub-district. Citeureup, Kab. 

Bogor. 
 

Figure 2. Location Building Vocational School Al- Murqoniyah 

 

2. Data Technical Building 
 

Figure 3. Floor plan Building Vocational School Al- Murqoniyah 

 

Based on Figure 3, some information regarding the condition of the floor in the Al-Murqoniyah 

Vocational School building is as follows: 

• Number of Floors : 1 Floor 

• Existing Construction Type : Reinforced concrete 

• Construction Year : - 
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• Type Foundation : - 

• Size Column : Look Attachment Picture 

• Size Beam : Look Attachment Picture 

• Quality Concrete : K225 

• Reinforcement Quality : Iron reinforcement D = 13 : Steel U40 ( f y = 390 MPa) 

Reinforcing steel D = 10 : Steel U24 ( f y = 240 MPa) 

• Steel Grade : BJ37 

• Soil Condition : - 

(a) Standard / Regulation 

• American Concrete Institute (ACI 318-99) 

• SNI 2847–2013 Tata Method Planning Structure Concrete for Building Building. 

• Regulation Loading Indonesia For Building (PPIUG)-1983 

• SNI 1726–2012 Tata Method Planning Planning Earthquake For Buildings. 

• SNI 1729–2002 Tata Method Planning Structure Steel For Building. 

(b) Program / Software 

• ETABS Version 18.0.0 

• PCACOL 

• Spreadsheet Excel 

 

4. Results and Discussion 
 

4.1 Determination Parameter Acceleration Spectral Design 

The spectral acceleration response parameters for the highest earthquake are adjusted to class and basic 

coefficient as follows: 

 

Sms = Fa · Ss = 0.9 · 1.0434 = 0.93906 (1) 

SM1 = Fv · Sl = 2.4 · 0.4762 = 1.14288 (2) 

SDS = 
2 

· SMS = 
2 

· 0.93906 = 0.62604 (3) 

3 3 

SD1 = 
2 

· 1.14288 = 0.76192 (4) 

 

4.2 Equivalent Lateral Static Earthquake Force 

The parameters for static earthquake calculation are as follows: 

 

Ta = Ct · hx = 0.0466 · 8.60.9 = 0.32317 (5) 

T = Cu · Ta = 1.4 · 0.32317 = 0.45243 (6) 

In the ETABS program, the building period for the x and y directions is obtained as Tx = Ty = 1.12665 
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Ie 1 

 

seconds, because Ta < Cu.Ta, the building period has met the static limit period criteria. 

Table 2. Results of Static Analysis Calculation 
 

Story HI Wi K Wik Cv 

 M Kg  kgf-m  

STORY2 8.6 11801.28 1.31 1991717.64 0,75 

STORY4 3.8 11238.29 1.31 64884,84 0,25 

TOTAL 12.4 23009.57 2.626465 264056,4839 1 

 

4.3 Seismic Base Shear 

Cs = 
SDS 

(  R ) 
e 

Cs = 0.62604 = ( 
 8  

) = 0.117383 
1.5 

Cs < 
 SD1  

· < 
  0.76192  

· 
T (  R ) 1.126646( 8 ) 

Cs < 0.126801 

Cs > 0.044 · SDS · Ie = 0.044 · 0.117383 · 1.5 = 0.04319 

Based on the value of Cs above, the value Cs = 0.051 is obtained: 

V(x,y) = Cs · Wt = 0.126801 · 23039.5699 = 2921.443889kg 

 

Table 3. Results Calculation Style Shift Static 
 

Story Fx Vx Fy Vy 

 Kgf Kgf Kgf kgf 

STORY 2 2203.58 2203.58 2203,576937 2203,576937 

STORY 1 717.87 2921.44 717.8669526 2921.443889 

 

4.4 Analysis And Design Control With Etabs 2013 

4.4.1 Nominal Base Shear Force (V) 

In the SNI Earthquake 1726 – 2012, it is explained that the final value of the dynamic response of a 

building structure to the nominated earthquake load due to the influence of the planned earthquake in a 

certain direction must not be less than 85% of the first variant response value. 

Table 4. Mark Base Shear Nominal Static 
 

 V plan V program V design 

Base Shear N N N 

Vx 4206691 4206691 4206691 

Vy 4206691 4206691 4206691 

Source: Results Calculation, 2014 

 

V plan = Vprogram, so design taken the same with V plan for compared to with V dynamics. 

I 



© 2026 Abnus | Open Access — CC BY 4.0 | abnus.co | DOI:10.52909/jti.v1i1.15 Page 145 

 

 

 

Based on Table 4, the nominal static base shear values in the x and y directions show the same results for 

the planned value, program value, and design value, namely 4206691 N. This indicates that the structural 

analysis results obtained from the program are in accordance with the planned and design calculations, 

so that the structure meets the required base shear criteria. 

4.5 Plate Structure Design 

4.5.1 Material Data 

• Quality Material : Steel, f y = 390 MPa 

• Concrete, f ′c = 18,675 MPa 

• Thick Plate Plan : Floor = 120 mm 

• Blanket Concrete : 20 mm 

• Reinforcement Plan : diameter 10 mm 

4.5.2 Planning Repetition Floor 

To determine the need for reinforcement, planning is required with data as follows: 

 

 

Thick plate (h) = 120 mm 

Long (Ln) = 5000 − 200 = 4800 mm 

Width (Sn) = 3000 − 200 = 2800 mm 

Ratio (β ) = 
4800 

= 1,714 
2800 

(β ≤ 2, reinforcement 2 Way) 

 
Thick closing (p) = 20 mm 

D. reinforcement (φ p) = 10 mm 

 

Tall effective, dx = h − p 
1 

— 
2 

· φ px 

1 
= 120 − 20 − 

2 
· 10 

= 95 mm 

 

dy = h − p − φ px 
1 

— 
2 

· φ py 

= 120 − 20 − 10 − 5 

= 85 mm 

 

Strong press ( f c′) = 18,675 MPa 

Yield strength ( f y) = 390 MPa 
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φ 

x 

· 

· 

 

From the data above, we obtain: 

ρb = 
0.85β1 fc

′ 

= 
0.85 × 1.30 × 600 

= 0.020976657 (7) 
fy + fc 600 + 390 

 

ρmax = 0.75 × ρb = 0.75 × 0.020976657 = 0.015725743 (8) 

 

Based on SNI 2847:2013 Article 7.12.2.1, the volume of reinforcement and the temperature provides at 

least the following reinforcement ratio to gross concrete area: 

• For slabs with reinforcement of 280 MPa or 350 MPa, the ratio is 0.002 

• For slabs with reinforcement of 420 MPa, the ratio is 0.0018. For slabs with reinforcement of 240 

MPa, the ratio is 0.002. 

• If the reinforcement exceeds 420 MPa, measured at the yield strength strain of 0.35%, the ratio is 

0.0018 × 420/ fy 

4.6 Example of Reinforced Concrete Beam Design in Direction X (per 1 meter) 

b = 1000 mm 

dx = 95 mm Mu = 8180000 Nmm 

Mn = Mu 

 

Rn = 
 Mn  

b · d2 

9088888.89 

1000 · 952 

= 1.007079101 N/mm2 

 

 

 

md = 
 f y  

0.85 f c′ 

390 
= 

0.85 18.675 

= 24.56886369 MPa 

 

 

ρ = 
1 

"

1 −

s

1 − 
2.m.Rn 

# 

  

m f y 

= 0.002669817 

 

Based on SNI 03-2842-2013 

 

 

ρ < ρmax 

0.002669817 < 0.015725743 (Single reinforcement is required) 

= 
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4 

≤ 

 
 

 

 

ρ > ρmin 

0.002669817 > 0.0018 (Used ρ = 0.015725743) 

 
Asrequired = ρ · b · dx 

= 0.015725743 · 1000 mm · 95 mm 

= 253.6325731 mm2 

 

 

 

Area of reinforcement = 0.25πD2 

= 0.25 × 3.14 × 102 

= 78.5 mm2 

 

 

n = 
   Asrequired  

Area of reinforcement 
253.6326 

= 
78.5 

= 3.23 bars 

Therefore, 4 reinforcement bars are used. 

S 
0.25πD2 · b 

Asrequired 

0.25 × 3.14 × 102 × 1000 

253.6326 

≤ 309.502 mm 

 

Based on SNI 2847:2013 Clause 13.3.2, the reinforcement spacing at the critical section shall not exceed 

twice the slab thickness; therefore, a spacing of 150 mm is used. 

 

 

Asprovided = area of φ reinforcement · number of bars 

=

  
1 
π · 102

  

· 7 

= 549.5 mm2 

≤ 
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× 

× 

× × 

c 

· 

× 
· · 

 

Requirement of Reinforcement Ratio : 

ρ =  
As 

b d 
549.5 

= 
1000 95 

= 0.00578 

 

 

(ρmin < ρ < ρmax) ...OK 

 

 

Sinstalled ≤ 2t 

150 mm < 240 mm ...OK 

 

Check the nominal strength of the section: 

 

 

a = 
  As · f y  

0.85 f c′ b 
 549.5  390  

= 
0.85 18.675 1000 

= 13.5 mm 

 

Determine the location of the neutral axis: 

 

c = 
a 

β1 
13.5 

= 
0.85 

= 15.88 mm 

 

Reinforcement strain control: 

 

 

εs = 
d − c 

· 0.003 

95 − 15.88 
= 

15.88 
0.003 

= 0.0149 
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2 

≥ 

2 

 

 

εy = 
f y 

Es 
390 

= 
200000 

= 0.00195 

 

The above calculation results in εs εy, therefore the reinforcing steel has yielded according to the 

assumption fs = f y = 390 MPa. Thus, the moment capacity can be determined. 

 

Mn = As · f y
 

d − 
a  

= 594.5 × 390

  

95 − 
13.5

  

= 20461203.75 Nmm 

 

 

 

Mu = φ · Mn 

= 0.9 × 20461203.75 

= 18415083.38 Nmm 

 

 

Murequired ≤ Mucapacity 

 

 

8180000 Nmm ≤ 18415083.38 Nmm 

 

Therefore, D10–150 reinforcement is used for reinforcement in the X direction (support), and this section 

can be used. 

4.7 Calculation Results 

Based on the results of the planned reinforcement calculations used for the parking slab, the reinforcement 

used is obtained. The results of the slab reinforcement analysis can be seen in the table. 

Table 5. Results of Flexural Reinforcement Analysis of Parking Floor Slab P2 
 

Reinforcement Direction Moment (Nmm) As (mm2) Installed Reinforcement 

Field 
X 

Y 

5701000 

3899000 

549.5 

549.5 

D10–150 

D10–150 

Support 
X 

Y 

4042000 

3290500 

549.5 

549.5 

D10–150 

D10–150 

 

Based on Table 5, the flexural reinforcement analysis results for the parking floor slab P2 show the 

required reinforcement area and the corresponding reinforcement detailing in both the X and Y directions 

for field and support regions. In the field area, the bending moments reach 5,701,000 Nmm in the 
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× 

2 

× × 

 

X-direction and 3,899,000 Nmm in the Y-direction, both requiring a reinforcement area (As) of 549.5 

mm2. Similarly, in the support region, the moments are 4,042,000 Nmm (X-direction) and 3,290,500 

Nmm (Y-direction), which also result in the same required steel area of 549.5 mm2. Based on these 

requirements, a uniform reinforcement arrangement of D10–150 is used for all cases. This indicates that 

the selected reinforcement configuration is sufficient to resist the bending moments in both directions 

and both structural zones, ensuring structural adequacy and constructability consistency across the slab. 

4.8 Calculation Results 

Based on the results of the analysis and calculations, the number of flexural reinforcements for the beam 

is obtained as follows: 

Table 6. Number of Beam Flexural Reinforcements 
 

Beam 
Support Field 

Top Bottom Top Bottom 

B200X400 3D13 3D13 3D13 3D13 

 

Based on Table 6, the flexural reinforcement design for beam B200 400 shows a uniform reinforcement 

arrangement for both support and field regions. The beam requires 3D13 reinforcement at both the top 

and bottom layers, with no variation between the support and field zones. This indicates that the bending 

demand along the beam is relatively consistent, allowing the same reinforcement configuration to be 

used throughout the span. The provided reinforcement layout ensures adequate flexural capacity in both 

positive and negative moment regions, while also simplifying construction and detailing (Al-Osta et al., 

2017; Rabi et al., 2019). 

4.9 Planning of beam Shear Reinforcmenet Using Capacity Moment Method 

Based on SNI 2847-2013 Clause 21.6.2.2, the design shear due to earthquake in the beam is calculated 

by assuming plastic hinges are formed at the beam ends and the flexural reinforcement stress reaches 

1.25fy and the beam end reduction reinforcement is equal to 1. 

1. Beam end moment capacity when the structure sways to the right (Left Support). 

As = 398.00 mm2 

 

apr = 
1.25.As. f y 

0.85. f c′.b 

  1.25 × 398 × 390  

0.85 18.675 200 

= 61.11 

 

Mpri∗ = 1.25.As. f y
 

d − 
apr

  

= 1.25 × 398.13 × 390 (363.5 − 61.11/2) 

= 64598426.80 Nmm 

 

As = 398.00 mm2 

= 
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2 

× × 

2 

× × 

2 
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apr = 
1.25.As. f y 

0.85. f c′.b 

= 
 1.25 × 398 × 390  

0.85 18.675 200 

= 61.11 

 

Mpri∗ = 1.25.As. f y
 

d − 
apr

  

= 1.25 × 398.13 × 390 (363.5 − 61.11/2) 

= 64598426.80 Nmm 

 

2. Beam end moment capacity when the structure sways to the left (Right Support). 

 

 

As = 398.00 mm2 

 

apr = 
1.25.As. f y 

0.85. f c′.b 

  1.25 × 398 × 390  

0.85 18.675 200 

= 61.11 

 

Mpri∗ = 1.25.As. f y
 

d − 
apr

  

= 1.25 × 398.13 × 390 (363.5 − 61.11/2) 

= 64598426.80 Nmm 

 

 

 

As = 398.00 mm2 

 

 

apr = 
1.25.As. f y 

0.85. f c′.b 

  1.25 × 398 × 390  

0.85 18.675 200 

= 61.11 

 

 

Mpri∗ = 1.25.As. f y
 

d − 
apr

  

= 1.25 × 398.13 × 390 (363.5 − 61.11/2) 

= 64598426.80 Nmm 

= 

= 
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pr pr 

pr pr 

 

3. Shear force diagram. Shear reactions at the right and left ends of the beam due to gravity forces 

acting on the structure. The results of the structural analysis using the ETABS 2013 program. 

Load combination: 

Wu = 1.2 DL + 1.0 LL 

 

Obtained: 

 

 

Vg,ki 

Wu Ln 
= 

2 
= 9291.00 N 

 

 

 

 

 

4. Structure sways to the right. 

 

Vg,ka 

Wu Ln 
= 

2 
= 9291.00 N 

 

 

 M+ + M− 
Ve = 

Ln 

= 30045.78 N 

 

 

 

Total shear reaction at the left beam end = 30045.78 + 9291.00 

= 39336.78 N 

 

 

 

Total shear reaction at the right beam end = 30045.78 − 9291.00 

= 20754.78 N 

 

Structure sways to the left. 
 

 

 M
+ + M− 

Ve = 
Ln 

= 30045.78 N 

 

 

 

Total shear reaction at the left beam end = 30045.78 + 9291.00 

= 39336.78 N 
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2 

′ 

 

 

 

Total shear reaction at the right beam end = 30045.78 − 9291.00 

= 20754.78 N 

 

5. Stirrups for shear force. SNI 03-2847-2012 Clause 23.3.4(2): Vc = 0 in shear design at the plastic 

hinge region. 

The shear force Ve due to plastic hinges at the beam ends exceeds 1 (or more) of the maximum 

required shear strength, therefore the shear reinforcement must be designed by: 

 

 

Vumax = 12425.62 N 

 

 

Vs = 
Vu 

−Vc = Vs = 
12425.62 

− 0 

φ 

= 16567.49 N 

0.75 

 

Maximum Vs: 
 

 

2
√ 

f c 
V = b d 

s,max 
 

 

3 
w 

2
√

30 

= 
3 

× 200 × 363.5 

= 209446.66 N 

 

The stirrup diameter used is D10 with 2 legs (Av = 157 mm2) 

 

 

Av = 0.25 × 3.14 × 102 × 2 

= 157 mm2 

 

s = 
Av. f y.d 

Vs 
157.390.363.5 

= 
209446.66 

= 106.266 mm 

 

The D10 reinforcement steel with reinforcement spacing of 100 mm is used. 
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φ 

 

 

Vs = 
Av. f y.d 

s 
157.390.363.5 

= 
100 

= 222571.05 N 

 

SNI 2847-2013 Clause 21.5.3(2): The maximum spacing along the beam shall not exceed: 

 

d 

4 

 

6.D longitudinal bar diameter 

 

 

150 mm 

 

Thus, D10 stirrups with 2 legs are used with a spacing of 100 mm in the region along 2h (=800 mm). 

 

Stirrups in the region outside the plastic hinge 

 

Vc = 

√ 
f c′ 

b d 

6 
w 

√
18.675 

= 
6 

× 200 × 363.5 

= 52361.67 N 

 

 

Vs = 
Vu 

−Vc 

39336.78 
= 

0.75 
− 52361.67 

= 87.37 N 

 

The stirrup reinforcement diameter used is D10 with 2 legs (Av = 157 mm2) 

 

 

Av = 0.25 × 3.14 × 102 × 2 

= 157 mm2 
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— 

— 

 

 

s = 
Av. f y.d 

Vs 
157.390.363.5 

= 
87.37 

= 493.79 mm 

 

The D10 reinforcement steel with reinforcement spacing of 150 mm is used. 

4.10 Column Structure Design 

Column Flexural Reinforcement Design 

Interaction Diagram Method 

The flexural reinforcement design using the interaction diagram method utilizes the pcaCOL program to 

create the interaction diagram. 

Table 7. Interaction Diagram Values of Column 200x250 from ETABS 
 

Story Column Load P V2 V3 M2 M3 

STORY2 C26 COMB4 279.04 -17.09 4.41 8.359 -32.259 

STORY2 C26 COMB3 283.10 -17.08 -4.45 -8.457 -32.227 

STORY1 C26 COMB2 527.06 -5.03 -0.06 0.016 -1.624 

STORY1 C26 COMB2 526.63 -5.03 -0.06 0.035 -0.115 

 

Based on Table 7, the interaction diagram values of column 200x250 obtained from the ETABS analysis 

show that the largest axial load occurs in STORY1 for column C26 under load combination COMB2 

with a value of 527.06, while the largest moment in the M3 direction occurs in STORY2 for column 

C26 under load combination COMB4 with a value of 32.259. These results indicate that the column is 

subjected to varying axial and moment forces depending on the applied load combinations (Abdullah, 

2021; Dang et al., 2018). 

Table 8. Interaction Diagram Values of Column 150x150 from ETABS 
 

Story Column Load P V2 V3 M2 M3 

STORY2 C43 COMB12 20.540 -3.22 1.05 1.997 -6.095 

STORY2 C43 COMB4 37.650 -3.22 1.11 2.108 -6.091 

STORY1 C35 COMB8 145.58 1.08 -3.51 -2.314 0.622 

STORY1 C35 COMB8 145.33 1.08 -3.51 -1.086 0.242 

 

Based on Table 8, the interaction diagram values of column 150x150 from the ETABS analysis indicate 

that the largest axial load occurs in STORY1 for column C35 under load combination COMB8 with a 

value of 145.58. Meanwhile, the largest moment in the M3 direction occurs in STORY2 for column 

C43 under load combination COMB12 with a value of 6.095. The results show that the internal forces 

acting on the columns vary according to the structural loading conditions and load combinations applied. 

From the results of the program analysis, the axial force (P) and moment acting on the column can be 

identified and the interaction diagram can be illustrated as follows: 
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Figure 4. Diagram Interaction Column 200x250 

 

Figure 4 shows the relationship between torque (M) and power (P) in a mechanical system. The X-axis 

represents torque in N·m, and the Y-axis represents power in kW. The dotted lines indicate critical points, 

including the minimum power output (P min) where performance starts to decline. The red arrow marks 

a significant transition point in the graph, highlighting key torque values that affect power efficiency. 
 

Figure 5. Diagram Interaction Column 150x150 

 

Based on Figure 5, the graph illustrates the relationship between torque (M) and power (P) in a mechanical 

system. The X-axis represents torque in N·m, and the Y-axis represents power in kW. The dotted lines 

indicate the maximum power (P max) and minimum power (P min) points, with the critical transition 

points marking where the power output changes significantly. The red arrow highlights the significant 

point where the torque and power values intersect, providing important insight into the performance of 

the system. 

Based on the results obtained, the interaction produces the amount of reinforcement according to the 

image below: 
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Figure 6. Column 200x250 Installed reinforcement 10D16 

 

Based on Figure 6, the image shows a settings window for defining reinforcement parameters in a 

structural analysis or design program. The "Sides Different" menu allows the user to customize the 

number of bars for each side of the structure (Top, Bottom, Left, and Right). It also specifies the size 

of the bars (e.g., #16) and the clear cover thickness, all given in millimeters (mm). The user can select 

whether the clear cover applies to transverse bars or longitudinal bars. These settings are crucial for 

accurate modeling of reinforcement placement in structural elements. 
 

Figure 7. Column 150x150 Installed reinforcement 4D16 

 

Based on Figure 7, the image shows a settings window for defining reinforcement parameters in a 

structural analysis or design program, with the option for "All Sides Equal." This menu allows the user 

to set the same number of bars (e.g., 4) and size (e.g., #16) for all sides of the structural element. The 

user can choose the bar layout as either rectangular or circular. Additionally, the clear cover thickness is 

set at 15 mm, and the user can select whether the clear cover applies to transverse bars or longitudinal 

bars. These settings ensure uniform reinforcement configuration for the element. 
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× 

× 

 

 

Figure 8. a. (4D16150X150) b. (10D16 K200X250) 

 

5. Conclusions 
 

Based on the results of the analysis and calculations that have been carried out in the redesign of the 

construction of the Al-Murqoniyah Vocational School classroom, Hambalang, it can be concluded that the 

number of reinforcements obtained from the analysis results for plate reinforcement (t=120 mm) using 

D10-100 reinforcement for each support and field, in the beam structure (200 400mm) using 3D13 

flexural reinforcement in the compression area and 3D13 in the tension area, with the stirrup distance at 

the support being D10-100 in the support area and D10-150 in the field area, as well as for the flexural 

reinforcement of the column (200 250mm) 10D16 reinforcement and D10-100 stirrup reinforcement 

are used in the support area and D10-150 reinforcement in the field area. Based on the results of the 

analysis carried out using a structural analysis program, it can be stated that the structural elements of 

this building are safe in terms of analysis, and the structure of the Al-Murqoniyah Vocational School 

learning building has been planned according to the applicable design rules, namely those regulated in 

SNI 1726 - 2012 concerning Procedures for Planning Earthquake Resistance for Buildings and SNI 2847 

– 2013 concerning Procedures for Planning Concrete Structures for Buildings. 
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