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Monitoring of aged sprinkler installations
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Method according Dutch 
Inspection protocol

https://hetccv.nl/app/uploads/2023/09/CCV-inspectieprotocol_Inwendige_inspectie_sprinklerinstallaties_versie_2.0.pdf
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• Mandatory inspection method in The Netherlands (Building legislation);

• A harmonized inspection method to determine if the sprinkler system 
can extinguish a fire that might occur in the premises 
(based on ISO17020: General requirements).

The internal condition of the pipes (contamination, k-line system) has no 
negative impact on achieving the hydraulic performance requirements.

How can we quantify the hydraulic effect of corrosion and contamination 
of sprinkler pipes.

As an Inspection body, we need pass/fail criteria. 

Dutch Inspection scheme
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Inspection Protocol

Pipe inspection = 
Visual assessment 

D and C-factor
Irregularities?

Report with positive 
conclusion.
Interval in 

accordance with the 
Norm

Report with 
positive 

conclusion. 
New Interval

Risk analysis 
for new 
interval

No

Doubt

Good

Doubts about 
effectiveness

Doubt effectiveness:
Systems with area/density requirements: ≥ 90% of original requirement.
Systems with minimum pressure on sprinkler: ≥ 100% of original 
requirement.

YesA lot of 
sludge and 

dirt?

No

Yes

Flushing by 
installer Calculate or 

replace?

replace

Calculate

Negative 
conclusion 

report

A

Installer

End user

Inspector

Not good Negative 
conclusion 

report
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Inspectie Protocol
Determining 

D and C 
factor

Yes

NoPerformance 
requirement 

is met?

Actual
QH-curve 

water supply

Testing 
Sprinklers 

for K-Factor

Hydraulic 
calculation

Report with 
positive 

conclusion.
New Interval

Risk analysis 
for new 
interval

Performance Requirement:
Systems with area/density requirements : ≥ 90% of original requirement.
Systems with minimum pressure on sprinkler: ≥ 100% of original 
requirement.

A

Installer

End user

Inspector

Negative 
conclusion 

report



Pass/fail criteria 

1e protocol (2022): 

• Diameter reduction >10%

2e protocol (2024):

• Area density systems: ≥ 90 % of required density (design)

• Min. pressure on sprinkler: original design pressure
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Inspection Protocol
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90%

Dens. 10 mm/min (100%)

Example of HSS 10

vv

90 %



• Research project
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Quantification of the Hazen Williams C Factor:
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To determine the hydraulic capabilities of the system, we focus on:

1. Diameter(s) of the pipes 

2. C-factor(s) of the pipes 

3. Average K-factor of the sprinklers. 

4. Currently available pressure of the water supply (QH-curve).

K-factor : based on lab tests in accordance with EN12259-1. 

Currently available pressure: based on recent capacity test

Question: How to determine the diameter and C-factor of the pipes based on 
visual inspection?

Inspection Protocol
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A joint effort by: 

• Fontys University of Applied Sciences

• Kiwa FSS 

Research Question:

• To what extend can the Hazen-Williams C factor Coefficient of corroded fire 
sprinkler pipes be quantified?

Research project
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Focus area of our research

Most common corrosion phenomena that directly affects Head loss 

Tuberculation

Narrowing of Diameter
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Research approach

1. Process
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Hazen-Williams aquation

• Diameter has a larger effect than the change in the C factor. 

• The change of the C factor is dictated through generated low-pressure areas

The approach of mainly changing the Diameter does not consider losses due to 

generated low pressure areas 
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Research

What's causing the head losses?

Quantification of the Hazen Williams C Factor through a geometric approach

On geometrical basis:

1. 1. Bump Height

2. 2. Surface Area

3. 3. Pipe Diameter

4. 4. Profile length
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Research

An example of a CFD pipe model.

By changing tubercle dimensions, shape and 
positioning, the individual effect of these 
changes on the head loss became clear.
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Research

Other elements included such as:

On geometrical basis:

1. Distances between tuberculation

2. Staggered layout

3. Number of Rows

4. Streamlining Low pressure = high 
impact on head loss
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Research

DN50 pipe  

Tubercle height = 1,5mm

Tubercle diameter = 6,3mm

Distance = 2,5mm Distance = 5mm Distance = 7,5mm Distance = 25mm

Low pressure = high 

impact on head loss
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Research

Staggered Layout

Low pressure areas are less 
than linear tuberculation  
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Research

1. Number of Rows

2. Generally, the behavior of the C 

factor is similar except at tubercle 

distances lesser than 15mm. 

3. Generally, higher number of rows 

indicate greater head losses up to 

a certain degree
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Quantification of the Hazen Williams C Factor

The simulations are modeled and 
formulated to determine the Hazen Williams 
C Factor

A calculation tool is provided for simplicity 

The algorithm is tested through case 
studies through computer simulations 

The algorithm is validated by real-life 
testing. 
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Quantification of Diameter Loss

•Determination of Diameter Loss 

Easiest Method : Measurement!

By removing the pipe, we can measure the height of the buildup from the edge of 

the pipe. 
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Quantification of Diameter Loss

•Determination of Diameter Loss 

•Aggregate height of Diameter

We can base our assessment on the narrowest area of the constriction. In this way, the 

maximum expected headloss, and therefore Risk, is assessed.
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Quantification of Diameter Loss

𝐴 = 𝜋𝑟2

1. Back to Basics:

2. Surface Area of a Circle

Effective Diameter

Original Diameter
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Quantification of Diameter Loss

1. Examples

Effective Diameter
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Quantification of Diameter Loss

1. Examples
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Quantification of Diameter Loss

1. Examples
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Quantification of Diameter Loss

1. Examples
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Quantifying Tubercles

1. Example
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C-factor

DN50 DN100 DN32

C=91 C=81 C=70
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Inspection results



Inspection results
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Inspection results
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Inspection results
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Inspection results
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Testing of aged sprinklers
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Documentation shall be available demonstrating that sprinklers are tested 
to factory specifications or at the frequency specified by the applicable 
standard and replaced as necessary.

Dutch Inspection scheme
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Why testing? 
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Why testing? 

ESFR K202 (K14)#3-3  (K80)



• How to test

Field Service Test of sprinklers based on:

• EN 12259-1; Fixed firefighting systems -
Components for sprinkler and water spray 
systems - Part 1: Sprinklers

Sprinklers in EU have been tested by this 
norm (CE-requirements). By using the same 
tests we can compare the results. 
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Field Service Test
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• VdS2091

▪ VdS ratings and criteria (much broader than type approval) 

▪ batch sampling: 20% liquid bath (ESFR>20% RTI) and 80% functional 
and water flow test

• Nordics (sample rate 25 per 5000 installed sprinklers)

▪ VdS ratings and criteria for openings temperature, functionality and 
water flow

▪ NFPA 25 criteria for thermal sensitivity (RTI) 

▪ batch sampling: 4 spr.  liquid bath; 16 spr. functional and water flow 
test and 5 spr. RTI. 

• Specific customer requests

Possible test methods:
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• Field Service Test

• Operating temperature (Annex B)

• Functional test (Annex E)

• Water flow test (Annex  C)

• Thermal response tests (Annex N)

• Water distribution test (Annex D)  (construction facility started)

• All others @ Kiwa Apeldoorn

Scope of Tests



EN 12259-1 Annex B

• Test to determine operating temperatures 
of fusible link

• sprinklers and glass bulb sprinklers
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Test Operating temperature



Enclosure with heat gun to increase the 
temperature at the sprinkler at a rate 
equivalent to 400oC in not more than 3 min.

• Visual findings:

• Activation

• Blockage

• Lodgement
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Functionele test



EN 12259-1 Annex C

• Measuring Flow and Pressure to calculate 
Flow constant by: 

• K=Q/√P

▪ Q [ l/min ]

▪ P  [ bar ]
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Water flow test



EN 12259-1 Annex N  

Wind tunnel

Activation of sprinklers by plunging the 
sprinklers into a hot air flow. 

Measuring the time of activation and 
calculate RTI. 
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Thermal response tests
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Accredited service
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Test results opening temperature

≤25 years
ESFR
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Test results K-factor reduction per batch

≤25 years ESFR
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Test results sensitivity
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• Internal monitoring of aged sprinkler installations is necessary to identify 
issues in time.

• Dry systems degrade faster than wet systems.

• Visual inspections of sprinklers is not sufficient to identify function loss.

• Severe K-factor reduction is a worrying problem for aged sprinklers

• O-ring sprinklers need extra attention, on monitoring there functionality.

• When performing internal inspection and sprinkler testing, clear sampling 
rates, sampling volumes and pass/fail criteria are necessary.

Short video on sprinkler testing

Take away from this presentation

https://www.kiwa.com/no/no/vaare-tjenester/inspeksjon/testing-sprinklerhoder/


Wim van Bijsterveldt
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Questions

mailto:Wim.van.Bijsterveldt@kiwa.com
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