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ABSTRACT 
Syukuran Aminuddin Amir Airport in Luwuk, Central Sulawesi, has experienced an increase in the number of personnel, 
while the availability of staff housing only meets a portion of the total demand. To support comfort and work 
productivity, a two-story staff dormitory building is designed as a small-scale vertical residence that is earthquake-
resistant. This final project designs the upper structure of the staff dormitory building using the Special Moment 
Resisting Frame (SMRF) system in accordance with the provisions of SNI 2847:2019, SNI 1726:2019, and SNI 
1727:2020. Structural analysis is carried out for dead loads, live loads, and equivalent static earthquake loads based on 
the seismic parameters of Banggai Regency. The structural modeling is conducted in three-dimensional form using 
SAP2000 v22 software. The design results show that the main structural elements consist of primary beams measuring 
30×40 cm, secondary beams 25×35 cm, columns 40×40 cm, and one-way slabs with a thickness of 14 cm. Longitudinal 
and shear reinforcement are designed based on the results of internal force analysis and anchorage length as per the SNI 
standards. Section capacity evaluation shows that all elements meet the strength and ductility requirements. The 
estimated construction cost for the upper structure is Rp940,800,000.00 (nine hundred forty million eight hundred 
thousand rupiahs). This SMRF structural design is declared safe against the planned loads and can serve as a reference 
for vertical residential planning in earthquake-prone areas. 
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INTRODUCTION 

Syukuran Aminuddin Amir Luwuk Airport is one of 
the continuously developing airports that supports air 
transportation activities in the Banggai Regency, Central 
Sulawesi. The airport has a runway with a capacity of 
2,250 x 45 meters, an apron measuring 315 x 70 meters, 
and a taxiway measuring 55 x 18 meters, allowing it to 
accommodate aircraft such as the Airbus A320. 
Meanwhile, the terminal building, with an area of 5,000 
m², is capable of handling up to 500 passengers per day 
during peak hours. 

As a public transportation infrastructure, Syukuran 
Aminuddin Amir Luwuk Airport not only handles 
aircraft landing and take-off processes, but also serves 
passengers using air transportation modes and provides 
services for its employees. These services are manifested 
through the provision of adequate facilities in accordance 

with applicable technical standards. While adequate 
facilities for passengers are essential, the presence of 
supporting facilities for employees is also a vital aspect 
in supporting optimal service delivery. One important 
facility to support airport operations is employee housing 
or dormitory (mess). 

With the increasing number of employees assigned to 
Syukuran Aminuddin Amir Luwuk Airport, the need for 
adequate accommodation facilities has become 
increasingly important. Currently, many employees are 
forced to live far from the airport, with as many as seven 
people sharing one official residence, resulting in 
discomfort and reduced employee productivity. 
According to the latest data, the number of available and 
habitable official housing units is 30, whereas the number 
of employees in 2025 has reached 52 individuals. 
Therefore, in the review of the master plan prepared in 
2023 and the submission of a new master plan in 2025, 



  

 

the construction of an employee dormitory is planned as 
a solution to the limited housing facilities for employees. 

This planned construction of the employee dormitory 
will be based on the Director General of Civil Aviation 
Decree No. PR 21 of 2022 concerning Guidelines for the 
Design of Operational Buildings for State Housing at the 
Offices of Airport Operating Units. The construction of 
the employee dormitory is planned in the form of a two-
story building, with each floor having a height of 3.5 
meters, as a solution to save land and increase 
accommodation capacity for employees. 

In planning this two-story dormitory, one important 
aspect that needs to be considered is the risk of 
earthquake disasters. According to the 2023 Indonesian 
Disaster Risk Index, Banggai Regency in Central 
Sulawesi has a high disaster risk score of 162.03, with an 
earthquake score of 21.08. Considering the high risk of 
earthquakes in the area, the design of the employee 
dormitory building must be carried out using a Special 
Moment Resisting Frame System (SMRFS) to ensure the 
safety and security of the occupants. 

METHOD 

 
Figure 1 Research Flow Chart 

Data Collection 

a) Literature Data 
 SNI 2847:2019 – Procedures for Calculating 

Concrete Structures for Buildings. 
 SNI 1726:2019 – Seismic Resistance Design for 

Building and Non-Building Structures. 
 SNI 1727:2020 – Minimum Loads for Building 

and Structure Design. 
 Directorate General of Civil Aviation Decree 

No. PR 21/2022 – Guidelines for Designing 
Operational Buildings for State Housing at 
Airport Offices. 

b) General Data 
 Building Name: Employee Dormitory 
 Location: Jl. Mandapar No. 2, Bubung Village, 

South Luwuk District, Banggai Regency 
 Function: Residential facility for airport 

employees without private housing 
 Number of Floors: 2 
 Building Height: 7 m 
 Soil Type: Dense hard soil with soft rock 
 Main Structure: Reinforced concrete 

Preliminary Design 

The building layout for the employee dormitory was 
created using AutoCAD, following PR No. 21/2022. The 
structural system and element dimensions were 
determined based on seismic design classification, which 
considers the design response spectrum acceleration and 
building risk category. The selected earthquake-resistant 
structural system—Ordinary, Intermediate, or Special 
Moment Resisting Frame (OMRF, IMRF, or SMRF)—
serves as the basis for sizing beams, columns, and slabs 
in compliance with SNI 2847:2019 requirements. Beam 

dimensions are calculated using ℎ =  
௅

ଵ଺
 and  𝑏 =  

ଶ

ଷ
ℎ, 

column dimensions using 𝐴 =
ௐ

∅ ௙ᇱ௖
, while slab thickness 

follows the minimum requirements in SNI 2847:2019.  

Table 1 Minimum thickness for one-way solid slabs 
Support Condition Minimum h[1] 

Simple support ℓ/20 
One end continuous ℓ/24 
Both end continuous ℓ/28 

cantilever ℓ/10 
 

Table 2 Minimum thickness for two-way solid slabs 
αfm  h minimum, mm  

αfm  ≤ 0,2 8.3.1.1 applies (a) 

0.2 < αfm ≤2,0 
Greater 

of: 

ℓ𝑛 ൬0,8 +
𝑓𝑦

1400൰

36 + 5𝛽(𝛼𝑓𝑚 − 0,2)
 (b)[2],[3] 

125 (c) 

αfm > 2,0 
Greater 

of: 

ℓ𝑛 ൬0,8 +
𝑓𝑦

1400൰

36 + 9𝛽
 (d)[2],[3] 

90 (e) 



  

 

Loading and Structural Modeling 

The collected data were used to develop a structural 
model in SAP2000 software. The software functions to 
calculate the structural strength, particularly for multi-
story buildings, and ensure the structure remains strong 
and resistant to applied loads. The loads acting on the 
superstructure of the employee dormitory include dead 
load, live load, rain load, and equivalent static seismic 
load for Banggai Regency, in accordance with SNI 
1727:2020, SNI 1726:2019, and SNI 2847:2019. 

Structural Analysis and Control 

The output from the loading and structural modeling 
in SAP2000 consists of internal forces (moment, shear 
force, and axial force). Based on these results, structural 
design control is performed to ensure that the main 
structural elements—beams, columns, and slabs—
comply with SNI standards. This ensures that the design 
is safe, stable, and efficient during construction. 
Earthquake-resistant structural planning must strictly 
adhere to building requirements to prevent collapse or 
accidents, both during construction and in service [10]. 

Reinforcement Detailing and Drawings 

Reinforcement calculations were carried out in 
accordance with SNI standards and the Directorate 
General of Civil Aviation Decree No. PR 21/2022 on 
Guidelines for Designing Operational Buildings for State 
Housing at Airport Offices. The calculation data were 
derived from SAP2000 analysis results. Based on these 
results, detailed reinforcement drawings were prepared 
for main structural elements such as columns, beams, and 
floor slabs, indicating the size, quantity, and placement 
of reinforcing bars. 

Draft Budget Cost Calculation 

Draft Budget Cost (DBC) is a calculation used to 
determine the total project cost, including materials, 
labor, and equipment. This is done by calculating the 
work volume and multiplying it by the applicable unit 
prices in each region or district. This calculation is crucial 
for cost efficiency and smooth project execution. The 
DBC preparation refers to the 2025 Project Cost Estimate 
Document of Syukuran Aminuddin Amir Airport. 

RESULT AND DISCUSSION 

Employee Dormitory Layout 

To facilitate structural analysis for the employee 
dormitory at Syukuran Aminuddin Amir Airport, the 
building layout was developed and simplified into a 
regular, symmetrical two-story frame system. The 
column bases were assumed to be fixed to the foundation, 
representing rigid moment-resisting conditions. The 

layout was prepared based on Directorate General of 
Civil Aviation Decree No. 21/2022, with an increased 
number of rooms to meet occupancy requirements, 
resulting in a two-story building design. 

 
Figure 2 First Floor Plan of Employee Dormitory 

 
Figure 3 Second Floor Plan of Employee Dormitory 

Preliminary Design of Beams 

Main beams are designed as simply supported 
members using steel grade 420 MPa and concrete grade 
K-300 (fc′ = 24.9 MPa). The minimum beam height (hmin) 
is determined based on Table 9.3.1.1 of SNI 2847:2019, 
with the width assumed as two-thirds of the height. 

For a span L = 415 cm, the calculated dimensions 
were h ≈ 30 cm and b ≈ 20 cm for main beams, and h  ≈ 
20 cm and b ≈ 15 cm for secondary beams. However, 
these do not meet the Special Moment Resisting Frame 
(SMRF) requirements (ln≥4d and b≥0.3h or b≥250 mm). 
Therefore, the adopted dimensions are 30 × 40 cm for 
main beams and 25 × 35 cm for secondary beams, which 
are assumed adequate for reinforcement spacing in 
compliance with SNI 2847:2019. 

Preliminary Design of Slabs 

According to PR No. 21/2022, the minimum slab 
thickness is 12 cm. Based on SNI 2847:2019, minimum 
thickness is determined using Clause 8.3.1.2 for two-way 
slabs and Clause 7.3.1.1 for one-way slabs. Calculations 
were performed for the longest column-to-column span 
of 415 × 207.5 cm. 

𝐿𝑛 =  𝐿 − ቀ
஻ூ

ଶ
ቁ − ቀ 

஻ூ

ଶ
 ቁ = 415 − ቀ

ଷ଴

ଶ
ቁ − ቀ

ଷ଴

ଶ
ቁ = 385 cm 

𝑆𝑛 =  𝑆 − ቀ
஻ூ

ଶ
ቁ − ቀ

஻஺

ଶ
 ቁ = 207.5 − ቀ

ଷ଴

ଶ
ቁ − ቀ

ଶହ

ଶ
ቁ = 180 cm 

𝛽 = ቀ
௅௡

ௌ௡
ቁ = ቀ

ଷଽହ

ଵଽ଴
ቁ = 2.13 > 2 (One-way slab) 

Minimum thickness: 

ℎ𝑚𝑖𝑛 = ቀ
௅௡

ଶ଼
ቁ = ቀ

ଷ଼ହ

ଶ଼
ቁ = 13.75 ≈ 14 cm 



  

 

Although PR No. 21/2022 specifies a 12 cm 
minimum thickness, SNI calculations indicate 14 cm. 
Therefore, a slab thickness of 14 cm was adopted for both 
roof and floor slabs to ensure structural strength and 
serviceability requirements are met. 

Preliminary Design of Columns 

The preliminary column design was carried out by 
determining the column dimensions based on the 
maximum axial load. The calculation focused on a 
column assumed to bear the largest axial load, which 
supports a slab area of 415 cm × 290 cm. 

Input Data: 
 Slab thickness: 14 cm 
 Main beam dimensions: 30 × 40 cm 
 Secondary beam dimensions: 25 × 35 cm 
 Initial assumed column dimensions: 40 × 40 cm 

Axial Load Calculation: 
 Dead Load (DL): Includes self-weight of slab, 

beams, and columns, totaling 16,579.32 kg. 
 Live Load (LL): Includes residential and non-

residential roof loads, totaling 3,533.36 kg. 
 Additional Dead Load (SDIL): Includes ceiling, 

hangers, MEP, finishes, and walls, totaling 
4,088.03 kg (floor) and 1,046.32 kg (roof). 

Factored Load: 
Wtotal  = 1.2 (DL+SDIL) + 1.6(LL)  

  = (1.2×(16,579.3+4,088.02+1,046.32)) +     
     (1.6×3,533.35)  
  = 31,709.78 kg  

Required Column Area: 

𝐴 =
ௐ

∅ ௙ᇱ௖
=

ଷଵ଻଴ଽ.଻଻ହ

଴.଼ହ ௫ ଶହସ
= 146.8 cm2     <    1600 cm2 

𝑏 = ℎ = √146.873 = 12.11 cm         <    40 cm 
Since the calculated minimum column size (12.11 × 

12.11 cm) is smaller than the initial assumption, the 
column dimension of 40 × 40 cm was adopted for design 
to ensure safety and stiffness. 

Loading  

The building structure is subjected to various gravity 
and lateral loads analyzed using SAP2000, including 
dead loads from the self-weight of structural elements, 
live loads from occupant activities, additional loads such 
as roof rainwater, and earthquake loads. 
1. Dead Loads consist of the self-weight of structural 

components (automatically calculated in SAP2000) 
and superimposed dead loads such as ceiling finishes, 
MEP installations, flooring, and masonry walls. 
Special cases include: 
 Additional Wall Load: Converted to an 

equivalent uniform load on slabs without 
supporting beams, calculated at 129.1 kg/m². 

 Steel Stair Load: Modeled as concentrated loads 
at four main supports, totaling 8,705 kg, based 

on self-weight, finishes, and live load 
requirements from SNI 1727:2020. 

2. Live Loads follow SNI 1727:2020, with 195.73 
kg/m² for floors and 97.86 kg/m² for non-residential 
roofs. 

3. Rain Load is calculated using regional rainfall data 
from BMKG, with a design rainfall depth of 115 mm. 
Under normal drainage conditions, a ponding depth 
of 1 cm is assumed, resulting in 10 kg/m². 

4. Earthquake Load is determined using the equivalent 
static method per SNI 1726:2019. Based on site-
specific seismic parameters (Sds = 0.93, Sd1 = 0.48), 
the structure falls under Seismic Design Category D, 
requiring the Special Moment Resisting Frame 
(SMRF) system with R = 8, Ω₀ = 3, Cd = 5.5, and Ie 
= 1. 

These loads are modeled in SAP2000 to evaluate the 
structural performance and ensure safety under 
operational conditions. 

Structural Analysis 

1. Creating the Structural Model  
After opening SAP2000, the first step is to set the 
units to kg/m. Next, click File → New Model → 
Grid Only. Fill in the data covering the spans in the 
X and Y directions, the number of floors, and the 
building height to be modeled. Then, use Draw 
Frame to draw beams and columns, and Draw Poly 
Area to create slabs. 

2. Supports  
Change all supports to fixed by clicking Assign → 
Joint → Restraint → Fixed. 

3. Defining Material 
Structural materials are defined first by selecting 
Define → Material → Add New Material. Since the 
structure is designed with reinforced concrete, 
concrete K-300 (24.9 MPa) was used as the main 
material, and reinforcing steel with a yield strength of 
420 MPa was applied. 

4. Defining Cross-Sections 
This step includes defining the cross-sections of 
beams, columns, and slabs according to the 
preliminary design, including dimensions and 
material properties. Beam and column sections are 
created via Define → Section Properties → Frame 
Section → Add New Property, while slabs are 
defined via Area Section → Add New Section. 

5. Defining Load Types 
Various load types such as self-weight, additional 
dead loads, live loads, roof loads, rain loads, and 
seismic loads must be defined first. This process is 
done via Define → Load Pattern → Add New Load 
Pattern in SAP2000. 

6. Defining Load Combinations 
Load combinations based on SNI 1727:2019 are 
defined by opening Define → Load Combinations 
→ Add New Combo. 



  

 

7. Assigning Loads 
The process of assigning dead, live, and wind loads 
is done by first selecting the structural elements, then 
going to Assign → Frame Load → Distributed for 
beams and columns. For slab loads, use Assign → 
Area Load → Uniform to Frame. Meanwhile, static 
seismic loads are defined via Define → Load Cases. 

8. Running the Analysis 
After all data has been entered, proceed with the 
structural analysis to obtain internal force outputs 
from SAP2000. The analysis is run via Analyze → 
Run Analysis → Run Now. 

9. Output Analysis 
Once the analysis process is complete, internal force 
information can be obtained by accessing Display → 
Show Forces/Stresses → Frame/Cable/Tendon 
Force, then selecting the bending moment M3 from 
the defined ultimate load combinations. 

Design Control 

1. Natural Period of the Structure 
The vibration period T does not simply 

represent the time for one complete oscillation cycle 
returning to the initial position; rather, it reflects the 
dynamic characteristics of the structure in responding 
to disturbances from its equilibrium state. The value 
of T is calculated to describe the tendency of the 
structure to oscillate under earthquake forces. 
Moment-resisting concrete frame has a value of, 

 Ct = 0.0466 

 x = 0.9 

The dominant period value of the structure 
T=0.27532 was obtained from modal analysis results 
using the Show Deformed Shape feature in SAP2000. 
To determine the verification limits for the period, a 
theoretical approach was used to calculate Tamin and 
Tamax as reference points for comparison. 

 

Figure 4 Natural Period of the Structure Output 

Tamin = Ct x hm
x = 0.0466 x 70.9 = 0.26 

Tamax = 1,4 x Tamin = 1,4 x 0.26 = 0.36 

Where: 

hm = building height 

Thus: 
Ta min < T < Ta max = 0.26 < 0.27532 < 0.36   (OK) 

2. Base Shear 
 Base shear is the total seismic shear force acting 
at the base of the structure, representing the initial 
measure of seismic load transferred from the 
superstructure to the foundation. This check 
compares the static base shear (Vstatic) obtained 
from manual calculation with that generated by 
SAP2000 (VstaticSAP). According to SNI 1726:2019, 
Vstatic  must be greater than or equal to VstaticSAP. 
Otherwise, the static seismic analysis results should 
be adjusted by a correction factor of Vstatic 
/VstaticSAP. 
 The parameters used are: Response Modification 
Factor (R) = 8, Deflection Amplification Factor (Cd) 
= 5.5, Seismic Importance Factor (Ie) = 1, with Sds = 
0.93 and Sd1 = 0.48. 

 𝐶𝑠 =
ௌௗ௦

ோ/ூ௖
=

଴.ଽଷ

଼/ଵ
= 0.116 

 𝐶𝑠 =
ௌௗଵ

் ௫
ೃ

಺೎

 

 𝐶𝑠 =
଴.ସ଼

଴.ଶ଺଼଴ଽ ௫ ଼/ଵ
= 0.223 (governing value) 

 𝐶𝑠 =  0.044 𝑥 𝑆𝑑𝑠 𝑥 𝐼𝑒 ≥ 0.01  
 𝐶𝑠 =  0.044 𝑥 0.93 𝑥 1 = 0.04 ≥ 0.01 
Hence, 

 𝑉𝑠𝑡𝑎𝑡𝑖𝑐 =  𝑊 𝑥 𝐶𝑠  

 𝑉𝑠𝑡𝑎𝑡𝑖𝑐 = 557732.9 𝑥 0.223 = 124374.44 

 
Figure 5 VStatik Output SAP2000 

From SAP2000, the base shear output was 
GlobalFX = 47079.2 and GlobalFY = 47079.2. Since 
Vstatic≥VstaticSAP, the requirement is satisfied, with 
an amplification factor of: 

 
௏௦௧௔௧௜௖

୚ୱ୲ୟ୲୧ୡୗ୅୔
=

ଵଶସଷ଻ସ.ସସ

ସ଻଴଻ଽ.ଶ
= 2.641 

3. Mass Participation 
 In the equivalent static earthquake analysis, 
multiple vibration modes are considered to ensure 
that the dynamic characteristics of the structure are 
properly represented. Although the approach is static, 
mass participation must reach at least 90% as 
verification that the dominant structural vibration 
behavior is adequately captured. 

 
Figure 6 Mass Perticipation Output 



  

 

 Based on the output, the structure meets this 
requirement, since the cumulative values of SumUX 
and SumUY from modes 1 to 12 exceed 0.9 (90%). 
This indicates that the number of modes analyzed is 
sufficient to accurately represent the seismic response 
of the structure. 

4. Interstory Drift 
 The interstory drift due to seismic loading, 
calculated elastically, must remain below the 
maximum allowable limit (∆a). For a dormitory 
building with Risk Category II and the selected 
structural system, the allowable drift is defined as 
0.025 times the story height (hsx), in accordance with 
SNI 1726:2019. 

For the first story (∆1): 

∆a = 0.025 x 3.5 = 0,0875  

δ1 =  
େୢ ୶ ஔୣ

୍ୣ
 ≤ ∆a 

 Ex =  
ହ,ହ ୶ ଴.଴଴ଵ଻ଷସ

ଵ
= 0,009537 ≤ 0,0875 (OK) 

 Ey = 
ହ,ହ ୶ ଴.଴଴ଵହ଼ଵ

ଵ
= 0.0086955 ≤ 0,0875 (OK) 

For the second story (∆2): 

∆a = 0.025 x 3.5 = 0,0875  

δ1 =  
େୢ ୶ (ஔୣଶିஔୣ)

୍ୣ
 ≤ ∆a 

 Ex =  
ହ,ହ ୶ (଴.଴଴ଷଶସଷ ି ଴.଴଴ଵ଻ଷସ)

ଵ
 

Ex =   0.0082995 ≤ 0,0875 (OK) 

 Ey = 
ହ,ହ ୶ (଴.଴଴ଶଽ଴଺ି ଴.଴଴ଵହ଼ଵ)

ଵ
 

Ey = 0.0072875 ≤ 0,0875 (OK) 

5. Deflection 
 To ensure comfort and functionality, structural 
deflection under loading must remain within the 
allowable limits specified by the standard. Excessive 
deflection may lead to non-structural damage as well 
as reduced aesthetics and comfort.  

 

Figure 7 Deflection Output 

 Based on the analysis results, the maximum 
vertical deflection (U3/Uz) is 0.001388 m (1.388 
mm). This value is compared with the permissible 
deflection limit of L/240. With an effective span 
length of 1.2 m (1200 mm), the allowable deflection 
is: 

 
௅

ଶସ଴
=

ଵଶ଴଴

ଶସ଴
= 5 𝑚𝑚 

 Since 1.388 mm < 5 mm, the structure satisfies 
the serviceability requirement, and the deflection 
remains within acceptable limits. 

Structural Reinforcement 

1. Main Beam Reinforcement 
The main beam was designed with concrete 

compressive strength fc′ = 24.9 MPa and reinforcing 
steel yield strength fy = 420 MPa for flexural bars and 
fy = 240 MPa for stirrups. Beam dimensions are b = 
300 mm, h = 400 mm, with effective depth d = 345.5 
mm and cover thickness ts = 40 mm. The effective 
flange width, determined from SNI 2847:2019, is bf 
= 768.75 mm. 
 Flexural Reinforcement 
 The balanced steel ratio and effective flange 
reinforcement were evaluated, resulting in a total 
reinforcement ratio of ρb = 0.0154, with permissible 
limits of ρmin = 0.0033 and ρmax = 0.0116. 
 For the ultimate negative moment Mu- = 61.55 
kN\m, the required steel area is As′ = 525.5 mm, 
equivalent to 4D13. For the ultimate positive moment 
Mu+ = 34.36 kN\m, the required steel area is less than 
the minimum requirement; therefore, the minimum 
value is adopted, also equivalent to 4D13. 
 Shear Reinforcement 
 The ultimate shear force is Vu = 75.29 kN, while 
the concrete shear capacity is ϕVc = 66.62 kN. Since 
Vu > ϕVc, shear reinforcement is required. The design 
provides Ø8 stirrups at 125 mm spacing, which 
satisfies the maximum spacing criteria. 
 Torsional Reinforcement 
 The ultimate torsional moment is Tu = 8.05 
kN\m, yielding a required longitudinal torsion 
reinforcement of Al = 375.4 mm2. Transverse 
torsional reinforcement was provided with spacing of 
125 mm, ensuring compliance with code 
requirements. 
 Summary of Reinforcement 

 Negative moment reinforcement: 4D13 
 Positive moment reinforcement: 4D13 
 Shear reinforcement: Ø8-125 mm spacing 

 
Figure 8 Cross-Section and Longitudinal Section Details 

of the Main Beam 
2. Secondary Beam Reinforcement 

The secondary beam has dimensions of b = 250 
mm and h = 350 mm, with effective depth d = 299 
mm and effective flange width bf = 718.75 mm. 
 Flexural Reinforcement 
 For the ultimate negative moment Mu- = 2.91 
kN\m, the required steel area is As′ = 249.2 mm, 
equivalent to 4D10.  



  

 

 For the ultimate positive moment Mu+ = 6.78 
kN\m, the required steel area is less than the 
minimum requirement; therefore, the minimum value 
is adopted, also equivalent to 4D10. 
 Shear Reinforcement 
 The ultimate shear force is Vu = 16.2 kN, while 
the concrete shear capacity is ϕVc = 47.87 kN. Since 
Vu < 0.5 ϕVc, only minimum shear reinforcement is 
required. The design provides Ø6 stirrups at 150 mm 
spacing. 
 Torsional Reinforcement 
 The ultimate torsional moment is Tu = 0.25 
kN\m. With design torsional strength Tn = 0.338 
kNm, the effect is negligible, and no additional 
torsional reinforcement is required. 
 Summary of Reinforcement 

 Negative moment reinforcement: 4D13 
 Positive moment reinforcement: 4D13 
 Shear reinforcement: Ø8-125 mm spacing 

 
Figure 9 Cross-Section and Longitudinal Section Details 

of the Secondary Beam 
3. Floor and Roof Slab Reinforcement 

 A one-way slab spanning 2.075 m × 4.15 m with 
thickness 140 mm was designed using concrete fc′ = 
24.9 MPa and reinforcement steel fy = 420 MPa. The 
required reinforcement area based on design ratio is 
Asreq = 383 mm2 per metre width. Accordingly, Ø10 
mm bars at 200 mm spacing were selected, providing 
an actual reinforcement area of Asprov = 393 mm2 per 
metre — therefore Asprov > Asreq and the slab is safe 
in flexure. 
 Deflection checks include instantaneous and 
long-term effects (creep and shrinkage). The 
calculated total deflection is dtot = 0.056 mm, which 
is well below the allowable limit Lx/240 =8.646 mm; 
hence the slab satisfies serviceability requirements. 

 
Figure 9 Detail of Top and Longitudinal Section of Slab 

4. Column Reinforcement 
 The column was designed with concrete 
compressive strength fc′ = 24.9 MPa and reinforcing 
steel yield strength fy = 420 MPa for longitudinal bars 
and fy = 240 MPa for stirrups. Column dimensions 
are b = 400 mm, h = 400 mm, with effective depth d 
= 342 mm and cover thickness ts = 40 mm. 
 Flexural and Axial Capacity 
 The required reinforcement area is As = 
1607.68 mm2, provided by 8D16 longitudinal bars. 
The column nominal axial strength is Pn = 1448 kN 
with reduced strength ϕPn = 1158 kN > Pu = 
408.70 kN. The nominal moment is Mn = 358 kNm, 
with reduced moment capacity ϕMn = 286 kNm > Mu 
= 47.52 kNm. Thus, strength requirements are 
satisfied. 
 Shear Reinforcement 
 The ultimate shear demand is Vu=25.15 kN, 
while the concrete shear strength is ϕVc = 7.20 kN. 
Since Vu > ϕVc , shear reinforcement is required. 
Stirrups Ø10 are provided at 150 mm spacing, 
satisfying the maximum spacing limit. 
 Confinement at Beam–Column and Foundation 

Joints 
 Confinement length is taken as 450 mm above 
and below the joint. Within this zone, stirrup spacing 
is limited to 100 mm. 
 Summary of Reinforcement 

 Longitudinal reinforcement: 8D16 
 Shear reinforcement: Ø10-150 mm spacing 
 Confinement reinforcement (joint and 

foundation zone): Ø10-100 mm spacing 

 
Figure 10 Cross-Section Details of the Column 

5. Support and Span Lenghts 

 Support Region 𝑙𝑡 =
ଵ

ସ
∗ 𝑙𝑛 : Top 

reinforcement is placed here due to negative 
moment. 

 Span Region 𝑙𝑡 =
ଵ

ଶ
∗ 𝑙𝑛 : Bottom 

reinforcement is required here due to positive 
moment. 

6. Development Length 
 The development length applies to all reinforced 
concrete elements, where reinforcement must 
transfer stresses into the concrete. At beam ends, 
tensile reinforcement must be properly anchored into 
the supports (columns). If the available length is 



  

 

insufficient, hooks are required (SNI 2847:2019, 
Clause 25.4.2.2). 

𝑙𝑑 =
0.8 ∗ 𝑓𝑦 ∗ 𝑑𝑏

2.1 ∗ 𝜆 ∗ ඥ𝑓𝑐ᇱ
=

0.8 ∗ 420 ∗ 𝑑𝑏

2.1 ∗ 1 ∗ √24.9
= 32𝑑𝑏 

D16   𝑙𝑑 = 32 ∗ 𝑑𝑏 = 512 𝑚𝑚 
D13   𝑙𝑑 = 32 ∗ 𝑑𝑏 = 416 𝑚𝑚 
D10   𝑙𝑑 = 32 ∗ 𝑑𝑏 = 320 𝑚𝑚 

7. Hook Length 
 Tensile Bar Hook 
 (SNI 2847:2019 Clause 25.3.1, 180° bend, 
minimum inside bend diameter = 6db) 

𝑙ℎ = 𝑚𝑎𝑥(4 ⋅ 𝑑𝑏), 𝑚𝑖𝑛 (65𝑚𝑚) 
D16 4𝑑 = 64 < 65 →  𝑙𝑒𝑘𝑜𝑟 = 65 𝑚𝑚 
D13 4𝑑 = 52 < 65 →  𝑙𝑒𝑘𝑜𝑟 = 65 𝑚𝑚 
D10 4𝑑 = 40 < 65 →  𝑙𝑒𝑘𝑜𝑟 = 65 𝑚𝑚 
 Stirrup Hook 
 (SNI 2847:2019 Clause 25.3.2, 135° bend, 
minimum inside bend diameter = 4db) 

𝑙ℎ𝑠 = 𝑚𝑎𝑥(6 ⋅ 𝑑𝑏), 𝑚𝑖𝑛 (75𝑚𝑚) 
P6  6𝑑 = 36 < 75 →  𝑙𝑒𝑘𝑜𝑟 = 75 𝑚𝑚 
P8  6𝑑 = 48 < 75 →  𝑙𝑒𝑘𝑜𝑟 = 75 𝑚𝑚 
P10  6𝑑 = 60 < 75 →  𝑙𝑒𝑘𝑜𝑟 = 75 𝑚𝑚 

Special Moment Resisting Frame (SMRF) Control 

1. Strong Column – Weak Beam (SCWB) Check 
 The SCWB concept ensures that the column 
moment capacity is greater than that of the beam, so 
that plastic hinges form in the beams rather than in 
the columns during seismic events. To satisfy SCWB 
and avoid column failure, the following requirement 
must be met: 

∑Mn kolom ≥ 1.2 x ∑Mn balok 

 Main Beam (30/40 cm) 
Mni = 81,588 kNm 

 Secondary Beam (25/35 cm) 
Mna = 29,918 kNm 

∑Mn_beam = 23,31 + 14,97 = 111,506 kNm 

 Column (40/40 cm) 
Mnk = 358 kNm 
∑Mn_column = 2 × 358 = 716 kNm 

 Evaluasi Rasio SCWB 
∑Mn column ≥ 1.2 x ∑Mn balok 
∑୑୬ ୡ୭୪୳୫୬ 

∑୑୬ ୠୣୟ୫
 ≥  

଻ଵ଺

ଵଵଵ.ହ଴଺
 = 6.42   (OK) 

2. SMRF Beam 

Table 3 SMRF Beam Check 

Desciption 
SNI 

2847:2019 
Modeling 

Result 
Safe / 

Unsafe 

Beam 
Dimension 

Limits 

ℓn ≥ 4d 
4,15 ≥ 4 x 

0.34 
Safe 

b ≥ 0.3h or 
b ≥ 250 

mm 

bi = 300 
mm 

ba = 250 
mm 

Safe 

Desciption 
SNI 

2847:2019 
Modeling 

Result 
Safe / 

Unsafe 

c2 < b  B>K 
< 0,75c1 

Beam 
width < 
column 

Safe 

Beam 
Longitudinal 

Reinforcement 

𝐴𝑆௠௜௡ =

 
ଵ,ସ

௙௬
𝑏𝑤𝑑 = 

340 mm2 

𝐴𝑆௠௜௡ =

 
ଵ,ସ

௙௬
𝑏𝑤𝑑 = 

570 mm2 

Safe 

ρ < 0,025 
& 0,75 ρb 

ρ = 
0.00333 

Safe 

Beam 
Transverse 

Reinforcement 

Confining 
stirrups 
must be 

installed at 
both ends 

of the beam 
along 2h 
from the 
column 

face toward 
midspan 

Stirrups 
spaced 

125 mm 
and 150 

mm using 
3P8 and 

2P6 

Safe 

Beam Shear 
Strength 

Shear force 
calculated 
between 

joint faces; 
maximum 
flexural 
moment 

assumed to 
act at the 
joint face 
and beam 

Mu = 
61,6539 

kNm 
Vu = 

75,572 
kNm; 

flexural 
moment 

considere
d at joint 
face and 

beam 

Safe 

3. SMRF Column 

Table 4 SMRF Column Check 

Desciption 
SNI 

2847:2019 
Modeling 

Result 
Safe / 

Unsafe 

Column 
Dimension 

Limits 

Minimum 
cross-

sectional 
dimension 
≥ 300 mm 

400 x 
400 mm 

Safe 

Column 
Longitudinal 

Reinforcement 

Ast > 
0,01Ag 

and < 
0,06Ag. 

𝐴𝑔 = 400𝑥400

= 160000 𝑚𝑚ଶ 
Ast = 1607.68 
𝑚𝑚ଶ 
Min = 0.01 x Ag = 
1600 𝑚𝑚ଶ 
Max = 0.06 x Ag 
= 9600 𝑚𝑚ଶ 

Safe 

Column 
Transverse 

Reinforcement 

Maximum 
stirrup 
spacing 
150 mm 

Stirrups 
installed 
at 150 
mm 

spacing 

Safe 



  

 

Draft Budget Cost Calculation 

Table 5 Draft Budget Cost 
Cost Budget Plan 

Construction of the Superstructure of the Employee Dormitory Building at 
Syukuran Aminuddin Amir Airport, Luwuk, Central Sulawesi

 

CONCLUSION 

Based on the planning results for the construction of 
the employee dormitory building at Syukuran Aminuddin 
Amir Airport, Luwuk, the structure was designed using a 
Special Moment Resisting Frame (SMRF) system in 
accordance with SNI 2847:2019, SNI 1726:2019, and 
SNI 1727:2020. The structural design outcomes are 
summarized as follows: 
1. Architectural Layout 

 The employee dormitory is designed as a two-
story building with a total of 12 rooms, adjusted to 
meet the accommodation needs of the occupants. 
The building dimensions are 24.9 meters × 7 meters 
with a total height of 7 meters, in compliance with 
the national housing design standards as stipulated in 
Director General of Civil Aviation Decree No. PR 
21 of 2022. 

2. Loading Plan and Structural Modeling 
 The loading plan and structural modeling were 
carried out based on SNI 2847:2019, SNI 
1726:2019, and SNI 1727:2020. The loads 
considered include: 
 Dead Loads: self-weight of concrete at 2,400 

kg/m³, floor finishing load of 124.4 kg/m², roof 
slab finishing of 86.94 kg/m², partition wall load 
of 129.1 kg/m², and steel staircase load of 
8,705.31 kg. 

 Live Loads: 195.73 kg/m² for floor areas and 
97.86 kg/m² for the roof. 

 Environmental Loads: rainfall load of 10 kg/m². 

 Seismic Loads: determined using the equivalent 
static method with seismic parameters 
corresponding to Banggai Regency. 

 Three-dimensional structural modeling was 
performed using SAP2000, applying the SMRF 
system. The analysis results served as the basis for 
structural element design. 

3. Internal Force Analysis (SAP2000 Results) 
 Flexural Moment:  

 Mu- = 627,675 kg.m; 
 Mu+ = 4,704.9 kg.m 

 Shear Force: Vu = 7,677.42 kg 
 Axial Force: Pu = 41,677.08 kg 
 These values were used as the design basis for 
the structural elements: 
 Primary Beams: 30 × 40 cm with 4D13 

longitudinal reinforcement (tension and 
compression) and Ø8 stirrups at 125 mm 
spacing. 

 Secondary Beams: 25 × 35 cm with 4D10 
longitudinal reinforcement and Ø6 stirrups at 
150 mm spacing. 

 Columns: 45 × 45 cm with 8D16 longitudinal 
reinforcement, Ø10 confinement reinforcement 
at 100 mm spacing for beam-column joints and 
foundations, and Ø10 main stirrups at 150 mm 
spacing. 

 Slabs: 14 cm thick with Ø10 reinforcement at 
200 mm spacing. 

4. Cost Estimation 
The cost estimation for the superstructure of the 
employee dormitory building resulted in a total of 
Rp940,800,000.00 (nine hundred forty million eight 
hundred thousand rupiah). 
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