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Understanding the pressure requirements for firehose operations is essential for ensuring effective
firefighting capabilities. When aiming to spray water to a specific height, such as 13.0 meters, it is
crucial to calculate the necessary water pressure accurately. This article provides an in-depth
analysis of the factors influencing water pressure, how to determine the appropriate gauge pressure
in the water mains, and practical considerations for firefighting infrastructure.

Fundamentals of Water Pressure and Height

Understanding Water Pressure and Its Relation to Height

Water pressure is the force exerted by water against the walls of a container or pipe. It is typically
measured in units such as Pascals (Pa), pounds per square inch (psi), or bar. In firefighting, the
pressure of water delivered through a hose must be sufficient to overcome gravitational forces and
any other resistances to reach a specific height.

The relationship between water pressure and height is governed by the basic principles of fluid
statics, notably the hydrostatic pressure formula:

P = pgh
where:
- P = pressure exerted by the water at height h (Pa)
- p = density of water (~1000 kg/m3)
- g = acceleration due to gravity (~9.81 m/s?)

- h = height in meters (m)

This formula indicates that to elevate water to height h, a pressure of P must be present at the base
of the column.

Calculating the Required Pressure for a 13.0-Meter



Spray Height

Determining Static Pressure Needed

Given the height of 13.0 meters, the static pressure required at the hose outlet (or the water source)
to reach that height is:

P = pgh = 1000 kg/m? x 9.81 m/s? x 13.0 m = 127,530 Pa

Converting Pascals to more familiar units:
-1 Pa = 0.000145 psi

Therefore:
P = 127,530 Pa x 0.000145 = 18.5 psi

This means that, ignoring other factors, a static pressure of approximately 18.5 psi is necessary at
the outlet to just reach 13.0 meters.

Accounting for Dynamic Factors and Losses

While static pressure calculations provide a baseline, real-world scenarios involve additional factors:

- Friction Losses: Resistance from pipe walls, fittings, and hose friction can significantly reduce
water velocity and height.

- Hose and Nozzle Characteristics: The type and diameter of the hose and nozzle influence the
pressure and flow rate.

- Velocity Head: To produce the spray, water must exit the nozzle at a certain velocity, which adds to
the pressure required.

- Elevation and Terrain: If the water source is below the point of spray, additional pressure is needed
to overcome the vertical height.

To ensure the firehose can reliably spray water to 13.0 meters, these factors are incorporated by
adding a safety margin, typically around 20-30% of the static pressure.

Converting Static Pressure to Gauge Pressure in the
Water Main



Understanding Gauge vs. Absolute Pressure

- Absolute Pressure: Total pressure measured relative to a vacuum.

- Gauge Pressure: Pressure relative to atmospheric pressure; most firefighting systems measure
gauge pressure.

Since atmospheric pressure (~14.7 psi at sea level) is accounted for separately, when calculating the

pressure needed in the water mains, the gauge pressure must be sufficient to produce the total
pressure needed at the nozzle, including safety margins.

Calculating the Required Gauge Pressure

Assuming a safety margin of 25%, the total pressure needed:

- Static pressure: 18.5 psi
- Safety margin: 25% of 18.5 psi = 4.6 psi

Total pressure at the source:
18.5 psi + 4.6 psi = 23.1 psi
Since atmospheric pressure is not included in gauge pressure readings, the gauge pressure in the

water mains should be approximately 23 psi to ensure the hose can spray water to a height of 13.0
meters under typical conditions.

Practical Considerations for Firefighting Systems

Pressure Regulation and Maintenance

Maintaining appropriate pressure levels in the water mains is critical. Fire departments typically use
pressure gauges, regulators, and pumps to ensure consistent delivery.

- Pressure Gauges: Installed at strategic points to monitor real-time pressure.
- Pressure Regulators: Adjust pressure to desired levels, compensating for flow variations.
- Pumps: Increase pressure as needed, especially in large or complex systems.

Designing Firefighting Infrastructure

When designing or evaluating firefighting water systems, consider:

¢ Size and diameter of pipes and hoses to minimize friction losses.



¢ Placement of pumps and pressure regulation equipment.
e Regular maintenance to prevent pressure drops or fluctuations.

¢ Integration with water sources such as reservoirs, tanks, or municipal supplies.

Additional Factors Influencing Pressure Requirements

Elevation of the Water Source

If the water source is located above the point of spray, less pressure is required. Conversely, if it is
below, additional pressure must be supplied.

Hose Length and Diameter

Longer hoses and smaller diameters increase friction losses, requiring higher pressure at the
source.

Nozzle Type and Spray Pattern

Different nozzles produce various spray patterns and velocities, impacting the pressure needed to
achieve the desired height.

Summary and Final Recommendations

To spray water to a height of 13.0 meters, a firehose system must deliver a gauge pressure of
approximately 23 psi at the water mains, considering static pressure, friction losses, nozzle
characteristics, and safety margins. Ensuring that the water supply infrastructure can maintain this
pressure reliably involves proper pump selection, pipe sizing, and regular system maintenance.

Key Takeaways:

- The basic hydrostatic pressure for 13.0 meters is about 18.5 psi.

- Additional factors increase the required pressure; a safety margin of around 25% is recommended.
- The gauge pressure in the water mains should be maintained at approximately 23 psi.

- Proper system design and maintenance are essential for consistent firefighting performance.

By understanding these principles and calculations, firefighting authorities and facility managers
can ensure their water systems are adequately equipped to respond effectively to fires requiring



high-reaching water jets.

Frequently Asked Questions

What gauge pressure is required in the water mains to ensure
a firehose can spray water to a height of 13.0 meters?

The gauge pressure needed is approximately 1.33 atmospheres, or about 13.4 meters of water
column, which accounts for overcoming gravity to reach 13.0 meters height.

How do you calculate the necessary water pressure in the
mains for a firehose to reach a specific height?

You use the hydrostatic pressure formula: P = pgh, where p is water density, g is gravitational
acceleration, and h is the desired height. Convert this pressure to gauge pressure to determine the
required pressure in the mains.

Why is it important to have adequate gauge pressure in the
water mains for firefighting purposes?

Adequate gauge pressure ensures that water can be projected at sufficient height and velocity to
effectively combat fires, especially when reaching elevated areas or distant locations.

If the water mains provide a pressure of 2 atmospheres gauge,
can the firehose spray water to a height of 13.0 meters?

Yes, since 2 atmospheres (approximately 20.3 meters of water height) exceeds the required 13.0
meters, the pressure is sufficient for the firehose to reach that height.

What factors could affect the actual pressure needed in the
water mains beyond the simple hydrostatic calculation?

Factors include friction losses in the hose and piping, nozzle design, water velocity, elevation
changes, and any additional system restrictions that may increase the required pressure.

Additional Resources

What Gauge Pressure In The Water Mains Is Necessary If A Firehose Is To Spray Water To A Height
Of 13.0 Meters

In firefighting and emergency response scenarios, one of the critical factors determining the
effectiveness of a firehose is the water pressure supplied by the water mains. When aiming to spray
water to a specific height, understanding the relationship between pressure, height, and water flow
becomes essential. Suppose firefighters need to project water to a height of 13.0 meters. In that



case, they must ensure that the water mains deliver adequate pressure—measured in gauge
pressure—to overcome gravitational forces and atmospheric conditions, allowing the water to reach
the desired elevation effectively.

This article explores the physics behind water projection from a firehose, calculates the necessary
gauge pressure in the water mains, and discusses practical considerations for firefighting
infrastructure. Whether for fire safety planning, hydraulic engineering, or operational firefighting

tactics, grasping these principles helps ensure that water delivery systems are properly designed
and maintained.

Understanding the Physics: How Water Reaches a Height

Before delving into the calculations, it's crucial to understand the fundamental physics governing
the height to which water can be projected.

The Relationship Between Pressure and Water Height

The core principle is that the pressure exerted by water in a hose directly relates to the height it can
reach against gravity. This relationship is rooted in fluid statics and Bernoulli's principle.

The basic equation connecting pressure and height is:
\[ h = \frac{P}{\rho g} \]
Where:

\( h'\) = height the water can reach (meters)

\( P\) = pressure at the nozzle exit (Pascals)
-\(\rho \) = density of water (~1000 kg/m?3)
\(

g \) = acceleration due to gravity (~9.81 m/s?)

This relation assumes negligible losses and ideal conditions, which in real-world scenarios, are
affected by factors such as hose friction, nozzle design, and atmospheric pressure.

The Role of Velocity and Pressure

In practice, the height a water stream reaches depends on the velocity of water exiting the hose.
According to kinematic equations:

\[ h = \frac{v"2}{2g} \]

Where:

-\(v\) = velocity of water at the nozzle (m/s)

The velocity itself is derived from the pressure applied:

\[ P =\frac{1}{2} \rho v"2\]



Rearranged as:
\[ v = \sqrt{\frac{2P}{\rho}} \]

Thus, the pressure in the water mains determines the velocity of water at the nozzle, which in turn
affects the maximum achievable height.

Calculating the Necessary Pressure for a 13.0-Meter Water Jet

To project water to a height of 13.0 meters, we need to determine the minimum pressure required at
the nozzle exit. This calculation involves considering the height, velocity, and pressure relationships
discussed earlier, as well as system losses.

Step 1: Determine the Nozzle Exit Velocity

Using the kinematic relation:

\[ h = \frac{v"~2}{2g} \]

Rearranged:

\[v =\sqrt{2gh} \]

Plugging in the values:

\[ v = \sqrt{2 \times 9.81 \, \text{m/s} "2 \times 13.0 \, \text{m}} \]

\[ v = \sqrt{2 \times 9.81 \times 13} \]

\[ v = \sqrt{254.46} \]

\[ v \approx 15.94 \, \text{m/s} \]

This is the approximate velocity needed at the nozzle to reach 13.0 meters under ideal conditions.
Step 2: Calculate the Required Pressure at the Nozzle

Using the velocity-pressure relation:

\[ P =\frac{1}{2} \rho v*2\]

Plugging in values:

\[ P = 0.5 \times 1000 \, \text{kg/m} "~ 3 \times (15.94)"2 \]

\[ P = 500 \times 254.46 \]

\[ P \approx 127,230\, \text{Pa} \]



This is approximately 127.2 kPa (kilopascals).

Step 3: Adjust for System Losses and Atmospheric Pressure

In real firefighting scenarios, various factors reduce the effective pressure at the nozzle:

- Hose friction losses

- Nozzle design and flow restrictions

- Elevation and piping restrictions

- Atmospheric pressure (standard pressure at sea level is approximately 101.3 kPa)

To account for these, a conservative approach adds about 20-30% to the calculated pressure.

Assuming 25% additional pressure:

\[ P_{total} = 127.2 \times 1.25 \approx 159\, \text{kPa} \]

From Absolute Pressure to Gauge Pressure

Most fire departments measure water pressure in terms of gauge pressure, which is the pressure
relative to atmospheric pressure. To convert from absolute pressure (total pressure considering
atmospheric pressure) to gauge pressure:

\[ P {gauge} = P {absolute} - P {atm} \]

Where:

-\(P_{atm} \) = atmospheric pressure (~101.3 kPa at sea level)

Using the calculated total pressure:

\[ P {gauge} = 159\, \text{kPa} - 101.3\, \text{kPa} \approx 57.7 \, \text{kPa} \]

This is approximately 58 kPa gauge pressure.

Practical Implications and Safety Margins

While the theoretical calculations suggest that approximately 58 kPa gauge pressure is sufficient to
project water to 13 meters, firefighting operations often require safety margins to account for
unexpected losses, nozzle variations, and operational conditions.

Typical firefighting water pressure ranges:

- Residential fire hydrants: 200-800 kPa (approximately 30-120 psi)
- Industrial or high-volume applications: up to 1000 kPa (around 145 psi)

Given these typical ranges, a water main pressure of at least 150-200 kPa gauge pressure would



comfortably enable firefighters to reach the 13-meter height, ensuring reliable operation even under
adverse conditions.

Additional Considerations

Hose Diameter and Length:
Larger diameter hoses reduce friction losses, enabling higher effective pressure at the nozzle.
Conversely, longer hoses increase pressure drops, necessitating higher main pressure.

Nozzle Design:
The shape and size of the nozzle significantly influence the velocity and reach of water jets.
Adjustable nozzles allow operators to optimize spray patterns and heights.

Elevation Differences:
If the water mains are located at a lower elevation than the target spray height, additional pressure
is needed to overcome potential gravity head.

Pressure Regulation:
Hydraulic pressure regulators and pressure-reducing valves are often employed in firefighting
systems to maintain optimal pressure levels for safety and efficiency.

Conclusion: Ensuring Adequate Water Main Pressure for Firefighting

To effectively project water to a height of 13.0 meters, the water mains should supply a gauge
pressure of approximately 58 kPa at the nozzle, considering ideal conditions. Factoring in system
losses, safety margins, and operational variables, maintaining a main pressure of at least 150-200
kPa (around 21.75-29 psi) is advisable for reliable performance.

This level of pressure aligns with standard firefighting practices and ensures that fire crews can
respond swiftly and effectively to high-reaching fires. Proper infrastructure planning, regular
maintenance, and strategic placement of hydrants and pumps are vital to achieving these pressure
levels, ultimately safeguarding communities and saving lives.

In summary, understanding the physics behind water projection, coupled with practical engineering
considerations, enables fire departments and engineers to design water supply systems capable of
delivering the necessary pressure to reach significant heights. Ensuring adequate gauge pressure in
the water mains is a cornerstone of effective firefighting, providing the confidence and capability to
combat fires at various elevations.
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