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ABSTRACT

Catur Setyawan Kusumohadi, Pratomo Setyadi, Muhammad Ammar Zahran. 2025. NFPA 14-Based Hydrant Pillar Installation at
PT. XYZ Sales Office

The Sales Area Manager Bandung office, which is located in the city of Bandung, is one of the work locations that covers
the working area of Bandung and its surroundings. This Sales Area Office was built in the 90s, but originally functioned as
a TNI office. In 2017, the new office was movedto PT. XYZ. However, when | made field observations. The fire protection
conditions installed in the building are only Light Fire Extinguishers. Even though SNI and NFPA explain that a building
with an area of more than 500 m2 must have a hydrant pillar installation, while a sales office with an area of 1,827 m?2 only
has active fire protection in the form of a Light Fire Extinguisher or APAR. Therefore, this report contains planning and
analysis of the pillar hydrant system and water requirements for extinguishing the hydrant used in the Sales Area Manager's
Office Building located in the city of Bandung. With planning referring to the NFPA 14 standard, this research was
conducted by observing the Market in the Office of PT. XYZ, which is located in Bandung City, in April-March 2022.
Observation data processing was carried out at the Fire Safety Engineering Study Program, Faculty of Engineering, Jakarta
State University, in June-August 2022. From the design results, pillar hydrants have been installed. It can be written
that the capacity of the extinguishing media needed to overcome the fire in the sales area management building is 85,171
liters of water. Based on NFPA 14 for building sales area management, the number of pillars needed to protect the building
from fire hazards is 5. The pump power required for the installation of a hydrant pillar is 12.54 hp. Installation of pipes used
above the ground and around the building.
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INTRODUCTION

The Bandung Sales Area Manager Office, located on Jalan Wirayuda Timur, Lebakgede, Cilongok District, Bandung City, serves
as one of the operational centers responsible for managing marketing activities in the Bandung region and its surrounding areas.
Due to its strategic role in supporting the company’s marketing operations, the building is categorized as a critical asset that must
be protected from various potential risks. Among these, fire hazards represent one of the most significant threats, as they could
cause not only operational disruptions and financial losses but also pose safety risks to employees and nearby residents [1], [3],
[7].

In order to mitigate such risks, an effective fire protection system is essential, especially considering that the office building
houses administrative and managerial activities involving electronic equipment, documents, and employees on a daily basis. The
importance of implementing a reliable hydrant system becomes increasingly crucial as part of a comprehensive fire protection plan,
ensuring that both active and passive fire protection systems meet regulatory and safety standards [2], [5], [9], [14].

This research refers to the previous study titled “Perancangan Sistem Perpipaan Hidran dan Sprinkler di Sejahtera Family
Hotel and Apartment” conducted by Andreas Kurniawan (2007). The methodology from that study serves as a comparative
reference, particularly in the aspects of head loss calculation and hydrant unit determination, which are based on the Darcy-
Weisbach equation [1], [4], [6], [11]. Adopting this approach provides a scientifically grounded framework to determine accurate
water pressure, flow rate, and system efficiency for the hydrant pillar installation [13], [15].

Historically, the Bandung Sales Area Office building was constructed in the 1990s and initially functioned as a TNI
(Indonesian National Armed Forces) office. In 2017, the building was officially transferred to PT. XYZ to serve as its Sales Area
Manager Office. However, during field observations conducted as part of this study, it was found that the existing fire protection
system was limited only to portable fire extinguishers (APAR). This condition is inadequate, considering the building area of 1,827
m?2, which, according to both SN and NFPA 14 standards, should be equipped with a hydrant pillar system for proper fire protection
coverage [8], [9], [10].

The absence of a hydrant system highlights a significant gap in fire safety compliance that needs immediate attention. Without
an integrated hydrant network, fire response time would depend solely on portable extinguishers, which are insufficient for large-
scale or rapidly spreading fires [4], [7], [12]. Therefore, this study seeks to provide a comprehensive planning and technical analysis
of hydrant pillar installation tailored to the site’s characteristics, ensuring that water flow, pipe sizing, and system components
align with internationally recognized standards [14], [15].
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The outcomes of this research are expected to serve as a design reference and implementation guideline for PT. XYZ and similar
organizations in developing a safe and standardized fire protection system. The planning process adheres to NFPA 14: Standard
for the Installation of Standpipe and Hose Systems, which specifies the minimum requirements for system design, water supply,
and installation procedures [9]. By aligning the proposed hydrant pillar system with NFPA 14, this project aims to enhance the
safety, compliance, and resilience of the Bandung Sales Area Manager Office against potential fire incidents [10], [16].

MATERIALS AND METHODS

Materials

This study was conducted at the Marketing Office of PT. XYZ, located in Lebakgede, Coblong District, Bandung City, from April
to March 2022. Data observation and analysis were performed at the Fire Safety Engineering Laboratory, Faculty of Engineering,
Jakarta State University, between June and August 2022.

The research methodology adopted in this study consisted of field observation, data collection, system design, and hydraulic
analysis. The goal was to design and evaluate a hydrant pillar system that complies with the NFPA 14 and SNI 03-1745-2000
standards for buildings exceeding 500 m2 in area.

The materials used in this research consisted of both primary and secondary data relevant to the analysis and design of a hydrant
pillar system at the PT. XYZ Sales Area Manager Office. The primary materials included architectural drawings of the 1,827 m?
office building, on-site measurements of water pressure and flow rate, as well as environmental data related to fire load, ignition
sources, and existing fire protection facilities. Field observations were conducted to identify the type, capacity, and layout of
existing firefighting equipment, which currently consisted only of portable fire extinguishers. These findings served as the
foundation for hydraulic calculations and fire risk assessments necessary for system design.

The secondary materials comprised national and international standards, technical references, and modeling tools that
supported the analytical process. The main design references used were NFPA 14 (2023 Edition) and SNI 03-1745-2000, which
establish guidelines for the installation and performance requirements of standpipe and hydrant systems. Additional resources
included technical datasheets of hydrant components, previous academic studies on fire protection system design. These materials
collectively ensured that the proposed hydrant pillar system met safety, reliability, and performance standards suitable for the
operational environment of PT. XYZ.

Methods

This study was conducted at the Marketing Office of PT. XYZ, located in Lebakgede, Coblong District, Bandung City, from April
to March 2022. Data observation and analysis were performed at the Fire Safety Engineering Laboratory, Faculty of Engineering,
Jakarta State University.

The research methodology adopted in this study consisted of field observation, data collection, system design, and hydraulic
analysis. The goal was to design and evaluate a hydrant pillar system that complies with the NFPA 14 and SNI 03-1745-2000
standards for buildings exceeding 500 m2 in area. In the research flow, it is presented in the form of a research diagram that explains
the stepsto betaken in the research. In this study, the flowused is shown in Figure 1:
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Figure 1. Flow Chart



Fire Society Journal Vol. 1, No.2, August 2025

RESULTS AND DISCUSSION

Fire Potential Analysis

The analysis of fire potential constitutes the initial phase of this research and serves as the foundation for developing an effective
fire protection strategy. At this stage, a pre-fire planning process was conducted to identify potential ignition sources, combustible
materials, and fire propagation pathways within the building. Pre-fire planning refers to a systematic approach for anticipating and
preparing response strategies prior to the occurrence of a fire, including training, communication protocols, and coordination
among emergency personnel. This stage enables the identification of high-risk zones and the formulation of operational response
measures to minimize damage and ensure personnel safety.

In this study, a fire scenario was simulated in the administration room located on the first floor of the PT. XYZ Sales Area
Manager Office. This room was selected due to its high concentration of electrical equipment such as computers and office devices,
which present a considerable risk of ignition through short circuits. Additionally, the presence of combustible materials—including
paper, wooden furniture, and plastic components—was identified as a factor contributing to rapid fire growth. Based on the
scenario, it was assumed that the fire spread uncontrollably within the room and exceeded the extinguishing capability of portable
fire extinguishers (APAR). Consequently, the response scenario involved the activation of three hydrant outlets, two of which were
designated for direct fire suppression and one for cooling operations, to evaluate system performance and water demand under
realistic fire conditions.

Calculation of Hydrant Output Speed

The distance of the hydrant beam is generated from the pressure that occurs on each floor, which flows from the pipe system, and the
hose is then emitted by the nozzle. The hose used is 2.5" (63.5 mm) in diameter according to NFPA 14. As for the input diameter
nozzle, adjust the hose to 2.5" with an outlet hole of 0.75" (19.05 mm). To simplify the speed calculation, the jet, in the calculation of
the nozzle, is directed flat, with negligible frictional losses at the nozzle.

CalculationofHydrantDischarge

The hydrant discharge is obtained by multiplying the velocity at the nozzle outlet and the nozzle outlet area. The amount of water
supply foryard hydrants needed duringa blackout, accordingto NFPA 14, is as follows:

* With 3active hydrants
* Maximum limit of auxiliary hydrants upto a totalof 750gpm(2839.058 liters/minute)
* Minimum volume of waterrequired:

V=0Qxt
=2839.058 x 30
=85,171.74 liters

=85.171 m3

Determine the number of hydrants

After calculating the need for extinguishing media, the next step is to determine the number and placement of hydrants. In this study,
afire hydrant was used to spray water into the combustion chamber and the surrounding rooms, which were exposed to radiation. The
steps taken in determining the number and placement of hydrants. In NFPA 14, it is explained that the distance between hydrants is
calculated based on the length of the hose from one hydrant to another. In other words, the distance betweenthehydrant pillars is
30m.

Mapping the position of the fire hydrant from the coverage area

The coverage area of the hydrant is 30m; this distance can be seen from the length of the hydrant hose, which is 30m. In the final
project has been tested, a hydrant with a 10 bar nozzle has a beamlength of 47.82m.

To calculate the coverage area, the following formula is used:
Coverage Area =1 (Hose length + Jet length)?

Given:
Hose length =30 m
Jet length=47.82 m

Then:

Coverage Area = 3.14 (30 + 47.82)2

Coverage Area = 3.14 (77.82)?

Coverage Area = 19,015.69 m?

Therefore, the total coverage area is 19,015.69 m2.
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Piping system head loss calculation

After determining the location of the hydrant, the next step is to calculate the pipe head loss. Headloss in the design of this piping
system consists of 2 types of headloss, namely Major Loss and Minor Loss. The large head loss is caused by frictional losses in the
pipe. To calculatethe friction loss betweenthepipe walland the fluid flow.

Major loses
Header pipe

Pipe diameter=6 in =150 mm
Pipe inside diameter =6.065 in = 154.05 mm =0.15405 m Pipe inside

diameter
3,14 3
A = == % (0.15405)
= 22 (0.15405)°
= 0.0186292
The average velocityof flowin the pipe, with
known:
Q =750 gpm=2839.0588 Ipm
=0.0473176 m®
So,
v =2
4
0.0473176
= ——= 2254
0.0186292
Reynolds number (Re)
Knowing:
The water temperature is 300C, then u=0.801x [10)] ~(-6)m2/s So,
Re=(VxD)/u
=(2.254x0.15405)/(0.801x [10] ~(-6) )
=433,494

Re > 4000, then the flowis turbulent

Friction losses in the pipe (major losses)
The average height ofthe Galvanized pipe roughness Re
VD

2354x015405 = 433.494

».801x10"%

Re > 4000 maka aliran bersifat turbulen Friction losses in the
pipe (major losses)

The average height of the Galvanized pipe roughness €=0.15mm
Pipe diameter (D) =6 inches =150 mm

Relative Roughness =

Friction Factor (f)= 0.021

(Based on previously known Reynolds Numberand Relative Roughness) The
following is the calculation of the standpipe friction loss (%f): Longest Vertical Pipe
Length (L) =7m

Accelerationof Gravity =9.8 m/s2 So,

Lxl=
'rl.fi;;cynr' =f 2xDxg

., Txlzosq)?
=0.021 —
2 300.15405 ¥9.8
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Standpipe

Pipe diameter=4in =101.6 mm

Pipe inside diameter=4.026 in= 102.2604 mm =0.1022604 m Pipe inside

diameter
A= Ix(D)?
3,14 2

= —X [0.15405)'

= 00186292

The average velocityof flowin the pipe, with

known:

Q=750 gpm=2839.0588 Ipm

=0.0473176 m®

So,
v— ¢
A
_ 0.0473178
0.0186252
=2,254
Reynolds number (Re)
Knowing:
The water temperature is 300C, then p=0.801x [10)] ~(-6)m2/s So,
Re
vxD
i
0.801=10""%
= 433.494

Re > 4000, then the flowis turbulent

Friction losses in the pipe (major losses)
The average height ofthe Galvanized pipe roughness £€=0.15mm
Pipe diameter (D) =4 inch =101.6 mm

. £
Relative Roughness = >
__ 015

T 1016
=0.001

Friction Factor (f)= 0.021
(Based on previouslyknown Reynolds Numberand Relative Roughness)

The following is the calculation of the standpipe friction loss (Af): Longest dividing
pipe length (L)=1.5m
Accelerationof Gravity =9.8 m/s2 So,

Ly’
'rlfi'ﬂu:_rn-r =f:xﬂxg
=0.021 1.5l 22540 =
2H0.1022604 xOB
=0.0798463 m
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Dividing pipe

Pipe diameter =6 in =150 mm

Pipe inside diameter=6.065 in = 154.05 mm = 0.15405 m Pipe inside
diameter

A = -x(D)?
3’% X (0.15405)>

= 0.0186292

The average velocityof flowin the pipe, with
known:

Q =750 gpm=2839.0588 Ipm

=0.0473176 m3

So,
v =8
A
__ 0.0473176
0.0186292
= 2.254
Reynolds number (Re)
Knowing:
The watertemperature is 30 °C, then p=g = 0.801 % 107° /s So,
Re _ v=D
[T
0.B01x10~"®
= 433.494

Friction losses in the pipe (major losses)
The average height ofthe Galvanized pipe roughness £€=0.15mm
Rellative Roughness

A5

150

= 0.001
= 0.021

| m

Friction Factor (f)

(Based on previously known Reynolds Numberand Relative Roughness)

The following is the calculation of the standpipe friction loss (Af): Longestdividing
pipe length (L) =212.5 m
Accelerationof Gravity =9.8 m/s2 So,

L=T=
'rl.fi'ﬂu:}'nr :f:xﬂxg
— UUEJ. 212.5x=12.2541°
20 L5ADE 08
=7.308 m
Minor losses
With known:

Pipe Diameter (D) =6 inches =150 mm
Pipe inside diameter =6.065 in = 154.05 mm = 0.15405 m The loss
coefficient at the gate valve(fv) = 0.45

hfﬂu’ﬂor’, = f % ® jumlah katup

=012 2.254°
2x9.B

= 0.0933156 M

w3
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Next is the calculationofthe pipe bendloss. There are thirteen 90 ° turns on the dividing pipe, so to get the value of minor losses,
you can use thefollowing formula:

So,
hfminor, = ﬁ% ¥ jumlah katup
= 0455 % 13
ZHRE
= 151638 m
Next is the calculationof the pipe bend loss. There are two 45 ° turnson thedividingpipe, soto get the value of minor losses, you can
use the following formula:

hfminors = ﬁ% ¥ jumlah katup

22547
=024 2
2HGE

= 0124421 M

So, the total loss of minor losses isas follows.

Rfminer = hfﬂ;l'r!n-r, + 'r!fﬂil'i’ll}i’: + 'r!fﬂ'.l'r!n-rg
0.0033156 + 1.51638 + 0.124421
L7341166m

Static Heads
Static head (Ha) is the height difference between the outsidewater level/nozzle (Z2) and the suction side (Z 1).
The static head ofthis hydrant installationis 2m

Pressure Heads
Suction Pressure (P1)P1=px g xHa
Where:
p =995.65 kg/m3(densityorspecific gravityof waterat 30 °C)
g 9.8 m/s2 (gravitationalacceleration) So,
Pl =pxgxHa
=995.65 x9.8 x 2
=19514.74 kg/m2
Pressureon thepipe installation

P2 = pressure for hydrants — air pressure Where :
Pressurefor hydrants =10 bar
Air pressure =1atm =1.01325 bar
P2 = pressure for hydrants — air pressure

=10 bars—1.01325 bars

=8.9865 bars

=91636.80 kg/m2
So,

PPy
Ahp = oxg

_ 91636,B0 —19.514,74
995,65 % 9,8
=7,39m

Total Head (HLT)

The totalhead is thesum of the total loss head, static head, and pressurehead calculations. Thenthecalculation of the total head is
as follows:

Head total = E 'r!fﬂu:_rnr + 'r!fﬂ'.l'r!n-r' + 'r!sn:n's + 'r!rpic:r!nr!
=789+ 173+ 247,30
=19,01m
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Hydrant Pump Capacity

Judging from the fire scenario, thenumber of standpipes that are plannedto be active when a fire occurs is 3 units. Based on this
plan, the calculation of the total discharsystem ise hydrant pump systemis as follows:

Totalflow rate =3 standpipes
=500 + 250 gpm= 750 gpm

Based on the calculation of flowrate in the hydrant pump system, the fire pump capacity that can be selected is 750 gpm

Pump Power Calculation

After calculatingthe losses from the piping system, the next stepis to calculate thepump. The first step is to calculate the NPSHA.
Can be calculated by the following formula:

hydrantpressure =10 bar=101,9 m Hs

=1m
Hd =15m
Hf =19,01m
Hi =0,35m

HA = NPSH + Loses
HA = Hs + Hd + hydrantpressure + Hf + Hi
HA=1+15+101,9+19,01+0,35=123,76 m

Maximum Pump Power (Pw)
Pw=0,163 xy x Q x HA

y = determining the specific gravity of water per unit volume = 9,765 kN/m3
Q=0,0473176 m3/s HA =

123,76 m

Maka,

Pw=0,163 xy x Q x HA

=0,163 x 9,765 kN/m3x0,0473176 m3/sx 123,76 m

=9,32kW =125 hp

= w

np

Maximum shaftpower (P)

When:
np = centrifugal pump standard efficiency =80%
P = Maximum shaft power
B, = maximum pump power
_ Pur
Tm
P= 20%
P=15,6hp

CONCLUSION

Fromthe results of the design of the hydrant pillar installation that has been carried out, conclusions can be drawn. The capacity of
the extinguishing media needed to tackle fires in the sales area manager building is 85,171 liters of water. Based on NFPA 14 for the
sales area manager building, the number of hydrant pillars needed to protect the building from fire hazards is 5. The required pump
power for pillar hydrant installation is 12.54 hp. The pipe installation used is above theground and surrounds the building.



[1]

[2]
(3]

(4]
(5]

(6]

[7]
(8]
(9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]

Fire Society Journal Vol. 1, No.2, August 2025

REFERENCES

A. F. Rosyidiin, F. P. Lestari, W. Septia, and M. I. Tama, “Design of Fire Protection Hydrant System According to
NFPA 14 and 20 Standards at Cak Durasim Building, East Java Cultural Park,” INTECOMS Journal, vol. 6, no. 2, pp.
45-54, 2020.

A. 1. Suyuthi, Sufiyanto, and B. T. Widada, “Application of Hydrant Piping System Design in Boiler Plants for Fire
Safety Systems in Paper Manufacturing Companies,” Jurnal Penelitian, vol. 19, no. 1, pp. 55-63, 2022.

D. A. Pramesti, D. Ardyanto, N. Widajati, and M. Ernawati, “Evaluation of Fire Protection System Implementation in
a Production Area of Oil and Gas Company, East Java,” Journal of Occupational Health and Environment, vol. 5, no.
1, pp. 20-27, Mar. 2024.

D. Rahmawati, “Evaluation of Fire Mitigation and Fire Protection in a Cooking Oil Processing Company,” Indonesian
Journal of Occupational Safety and Health, vol. 10, no. 1, pp. 43-55, 2021.

A. A. Fauzi, A. Pradana, D. N. Indirani, W. A. Sulistyo, and D. A. Safitri, “Hydrant Point Planning at PT Putraduta
Buanasentosa Warehouse Using NFPA 14 Standard,” Venus Journal of Engineering Sciences, vol. 2, no. 2, pp. 144-
149, Apr. 2024,

A. F. Rosyidiin, A. H. A. Puteri, D. Z. Priyangga, D. D. Ivander, and M. L. Liwagq, “Design of Active Fire Protection
System for Warehouse Buildings Using NFPA and Indonesian National Standard (SNI),” Airlangga Journal of
Innovation Management, vol. 5, no. 2, pp. 215-230, Jun. 2024.

M. Gravit, V. Prusakov, N. Shcheglov, and 1. Kotlyarskaya, “Fire Protection of Steel Structures of Oil and Gas
Facilities: Multilayer, Removable, Non-Combustible Covers,” Fire, vol. 7, no. 3, art. 86, Mar. 2024.

T. Hopkins, “Did You Know? Clearances — Standpipe Hose Connections — NFPA 14,” NFSA Public Fire Protection
Blog, Apr. 17 2024.

NFPA 14: Standard for the Installation of Standpipe and Hose Systems, 2024 Edition, National Fire Protection
Association, Quincy, MA, USA, 2023.

American Petroleum Institute (API), “API Updates Fire Protection Standard for Refineries,” API News Release, Oct.
24 2024.

S. Romadhon and N. J. Asid, “Hydrant Pillar Piping System Planning Study for Fire Anticipation at PT Bernofarm
Pharmaceutical Plant,” Concrete: Construction and Civil Integration Technology Journal, vol. 2, no. 1, Apr. 2024.

M. Rafianza, R. Harfi, and B. Setiadi, “Hydrant System Planning Analysis in a Factory Warehouse of PT X with an
Area of 2,340 m?,” Presisi Journal of Engineering and Applied Technology, vol. 8, no. 1, Jul. 2024.

M. T. M. Irvan, A. Kusmantoro, and Margono, “Design of Fire Alarm and Hydrant Systems for Yogya Pekalongan
Department Store,” JETI: Journal of Electrical and Information Technology, vol. 3, no. 2, pp. 33-40, 2024.

A. K. Sharma and P. Bansal, “Fire Safety Design Optimization for Industrial Facilities Using NFPA 14 Guidelines and
CFD Analysis,” IEEE Transactions on Industry Applications, vol. 59, no. 6, pp. 10125-10134, Dec. 2023.

L. Zhang, J. Li, and Y. Chen, “Assessment of Firewater Distribution Networks for Industrial Parks Using Hydraulic
Modeling,” Process Safety and Environmental Protection, vol. 182, pp. 412-423, Feb. 2024.

J. M. Garcia-Torres and R. P. Fernandez, “Smart IoT-Based Monitoring System for Fire Hydrant Pressure and Flow
Efficiency,” IEEE Access, vol. 12, pp. 75192-75204, 2024.



