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Fire fighting systems & equipment
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TN solution by Kamil Marjanek
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(dSouthern Link (opened in 2004)
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Background
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1 3 km main tunnel, parallel tubes (15 km overall)
[ Longitudinal ventilation, 100 m between exits
[l Basic fire safety concept — free flow traffic

L] 60,000 vehicles/day est., 100,000 vehicles/day actual

(Northern Link (opened in 2015) by

U 3 km main tunnel, parallel tubes (15km overall) j..

~ED- \‘ »—-F-—T -

U Longitudinal ventilation, 150 m between exits - o '_

Uimproved design e\;‘“ . QT —
L settonr [ canvanty
U 5 mm/min density deluge water spray FFFS “‘.’;\/, ‘. Stockholp
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Ll Tyco SW-24 sprinkler, bulb removed, back-to-back

OUTLET COUPLING

SW24
K=160
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Background

Tests performed
Belgian tunnel with density 12.5 mm/min. Report is available.

LRORO ships Vehicle deck with density 5, 10, 15, 20 mm/min.
Report is available.

URORO tests shows difficulties to fight a fire in an enclosed cargo
area of a truck with metal cover. Shielding allows the fire to grow
throughout the cargo compartment. Extinguishment not achieved
at any above tested density.

LLarge impact difference shown when density increased from 5 to
10 mm/min.

ULess difference when density is increased from 10 to 15 to 20
mm/min.
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Background

Type of systems

UAutomatic sprinkler systems activates at the wrong place with air
velocity over 3 m/sec. Confirmed by SP test (National Test
Institute) and rejected by the Transport Administration as they can
not guarantee that fans stops in case of a fire. Report from SP
model tests are available.

UManual deluge sprinkler systems has been built and planned in a
number of tunnels.

Japan 6.5-, Australia 10- and Belgium 12.5 mm/min density deluge
systems.

dSweden Stockholm Northern Link, density 5 mm/min, installation
starts in 2012.

USweden Stockholm Bypass, density 10 mm/min, predesign and
calculations are going on.

@Foamaf
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dSwedish Transport Administration (STA)
plans to build new highway connection called
Stockholm Bypass

1 In one direction, 18 km of the 21 km motorway link are
in tunnels

1 Including ramps, about 50 km of tunnels in total

Project forecasts show up to 140,000 vehicles
per day

1 Risk of congestion in tunnels, heightened risk of fire

(ASTA decided to test new safety concept

(1 Large orifice, droplet sidewall nozzles with large
coverage area

(dConcept developed jointly between STA and
Brandskyddslaget AB

1 In collaboration with SP Technical Research Institute
of Sweden

J Up-scaled sprinkler named “T-Rex” by Conny Becker

o, ®
NIP: 531-163-86-70 Wf&?ﬂ!ﬂ?.(. .

REGON: 146196990

Background

Sw-24

888 @ tyca



®
NIP: 531-163-86-70 fﬁoﬁmawﬁ[!!manvé

REGON: 146196990




RN AR
D .

Fire fighting systems & equipment

FOAMAX wtacary
ihorw GaSniceych plaNOtwrcaych firmy TYCO w Pokice,

(110 mm/min density
(137.5 m?2 coverage area
(15,0 m nozzle spacing
17,5 m throw

375 Ipm @ 1.1 bar
(130 m deluge zone
(2250 Ipm total flow

Runehamar Testing — Suppression Layout

(J0.25 gpm/ft? density
(1405 ft2 coverage area
(116.5’ nozzle spacing
J24.5’ throw

(199 gpm @ 16 psi
(1100 foot deluge zone
(1600 gal total flow
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Samfinansierat av EU
Transeuropeiska transportnatet (TEN-T)
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Testing — Parameters

15 full scale fire test’s

(Nozzle types
3 Tyco nozzles, TN25, TN17, SW24

4 Water flow rates (2100, 1800, 1600 and 1400
|/min)

dWwind speed 3 m/s

(J441 wood pallets including target
(dPotential 100 MW free burn fire
(d141°C detection + delay time 4 min

(JReal time before activation = delay time +
approximately 4 minutes
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Runehamar Testing — Suppression Layout
dTunnel width 6,8 m

(Nozzle spacing 5,0 m

6 nozzles

Deluge zone 30 m

JFuel package 8,4 m,
shielded with metal sheets
on front, top and back, with
open sides

ElTarget 5 meter downstream

ZN

W = o
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Runehamar Testing — Mock-Up
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Total number of full scale tests

Total wind .
Test Flow rate Pressure Delay time
Test date |Nozzle| K-factor flow rate speed .
no. (Ipm) (bar) Minutes
(Ipm) (m/s)

7 2016-06-13 TN-25 1800 0,6
8 2016-06-14 TN-17 240 268 1608 1,25 3,0 4
9 2016-06-15 TN-17 240 233 1400 0,95 3,0 4
10 2016-06-16 TN25 1608 0,55
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HRR MW for TN Nozzles at 4 min delay + pre-burn time

TN 17 TN 25
233 I/min = 0,95 268 I/min = 0,55
bar bar

Heat Release Rate (MW)

Heat Release Rate (M'W)

Q (MW)
Q(MW)

1] 20 40 60 80 100 120 0 20 40 60 80 100 120
time (min) time (min)
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Droplet size vs Pressure/Flow

4 min delay time, approximately 8 minute water delivery time

Pallets
2 (2013) TN 25 360 1,1 375 85
SW 24 240 2,1 233 181
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Summery
JAIl testing with TN 17 & TN 25 is considered successful

dThe HRR at deluge zone activation ranged from 12 to 28 MW

dThe fire was then controlled for a period of 10 to 20 minutes after
ignition

(JEven at the activation at 28 MW HRR, TN 25 did not allow the fire to
grow above 40 MV before and then in a couple of minutes
suppressed the fire down to 10 MW

A Target was unaffected by the main firein all TN 17 & TN 25 tests
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TN25 — 1800 I/min, 0.7 bar TN25 — 1608 I/min, 0.55 bar
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TN25 — 2250 I/min, 1,1 bar TN25 — 1800 I/min, 0.7 bar TN25 — 1608 I/min, 0.55 bar

TN17 — 1608 I/min, 1,25 bar SW24 — 1400 I/min, 2.13 bar
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Conclusion

Bigger droplets “more important” than flow
JTwo major factors impacting droplet size is orifice and pressure

) Large K-Factor = Big Droplets

) Lower Pressure = Bigger droplets
Bigger droplets provides better penetration and momentum
JAllows for new design with substantially lower pressures and flows
Activation after approximately 8 min with a HRR of 12 — 14 MW

) Tyco MZX SensorLaser™ Plus detection system activates the system
within a minute

U Fire HRR approximately 0,5 -2 MW
JTN17 & TN 25 controls the fire below the HRR at activation

dLow pressure and flow demand = Smaller pumps, water source and pipes
dimension

Foamax®
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Conclusion
/I Drifting

« SW 24 show visible sign of drifting

- Smaller droplets may need 3 zone design. Compensating for droplets
moves downstream with airflow

// Large drops provides better penetration and momentum
- Allows for 2 zone design
 The zone do not need to be longer than the longest possible vehicle

Il All fires was kept within the deluge zone. Non of the fires was jumping to the
target
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Designing Value into
Tunnel Fire Protection Systems

Solution
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Trafikverket (STA) — Cost Evaluation

High Pressure Traditional
Water Mist Water Spray TN TYCO
4 o

Investment: $$$$ $$$ $

. , 1,5-2% of Low cost Lowest cost
Maintenance: .
investment/year
Sensitive, OK OK

Freezing:

needs heating

® e ——
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Model TN-25

Horizontal Spray Nozzle, Open

K-factor 25.2 (K360)

GEHEra! characteristics and nature of the haz-

Description

The TYCO Model TN-25 Horizontal
Spray Nozzle having a 25.2 (K360) K-

factor is a specialized open nozzle for
use in tunnel fire protection delugs
systems, providing an improved altar-
native to traditicnal designs. With its
ability to provide extended coverage,
the Model TN-25 Mozzie allows for a
singla pipe to run the length of a tun-

nel. compared to traditional designs
that use multiple pipes in order to pro-

vide sufficient coverage. The Model
TH-25 Mozzle is an open nozzle de-
signed to be integrated into a deluge
fire protection systam.

The Model TN-25 Nozzle provides pro-
tection of coverage areas up to 16 ft.-
4 inches x 24 ft.-7 inches (5,0m x 7,5
m) as comparad to standard coverage
sprinklers often used in tunnel fire pro-
tection system designs having a max-
imum coverage area of 10 ft. x 10 ft.
{3,0m x 3,0 m).

The TYCO Model TN-25 Horizontal
Spray Nozzie described hersin must
be installed and maintained in com-
pliance with this document and with
the applicable standards racognized
by any authorities having jurisdiction.
Failure to do so may impair the perfor-
mance of these devices.

The design of individual fixed water
spray systems for fire profection can
vary considerably, depending on the

ard, the basic purpose of the spraying
system, the configuration of the haz-
ard, and windidraft/ventiation condi-
tions. Bacause of these variations, the
design of fixed water spray sysfems
must only be performed by experi-
enced designers who thoroughly un-
derstand the limitations as well as ca-
pabilities of such systems.

The Tunnel Oparator is responsible for
maintaining their fire protection sysfsm
and devices in proper operating con-
dition. Contact the instaling contrac-
tor or product manufacturer with any
questions.

Technical
Data
Approvals

UL and C-UL Listed

Minimum Working Pressure

10 psi (0.7 bar)

Maximum Working Pressure

30 psi (2,1 ban)

Minimum Height to Finish Grade
18 ft{5.5m)

Maximum Height to Finish Grade
401t (12,2 m)

Pipe Thread Connections
1 inch NPT

IS0T-R1

Discharge Coefficient

K=25.2 gpm/psi** (362,89 Ipm/bar?)
Finish

Matural Brass

IMPORTANT
Always rafer fo Technical Data
Shest TFP700 for the “INSTALLER
WARNING" that provides cautions
with respect to handling and instal-
lation of sprinkler sysfams and com-
ponents. Improper handiing and in-
stallation can permanently damags
& sprinkler system or ifs compo-
nents and cause the sprinkler to fail
to opsrats in & fire situation or cavss
it fo opsrate prematursly.
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Design
Criteria

Tha TYCO Modal TW-25 Horizon-
tal Spray Nozzle is intended for inte-
gration into a water spray, deluge fire
protection system designed in accor-
dance with the applicable standards
recognized by any authorities having
jurisdiction.

Nozzle Orientation

The Model TN-25 Nozzle must be in-
stalled in a horizontal orientation. Refer
te Figures 1 and 2

Corrosion Resistance

It is recommendead that the Tunnel Op-
erator be consulted with respect to
the suitability of the materials of con-
struction and finish for any given cor-
rogive environment. The offacts of am-
bient temperature, concentration of
chemicals, and gas/chemical wveloc-
ity, should be considered, at a mini-
mum, along with the comosive nature
to which the nozzles may be exposed.
The pipe, fittings, hangars, and hanger
components must be suitable for use
in the application environmant.
Obstructions

The maximum allowable vertical and
horizontal distance that the bottom of
an obstruction can be away from the
Model TN-25 Nezzle s provided in
Graph A.

MNon-continuous suspended obstruc-
tions such as air handlers, lights, and
the like, are to meet the “4x” rule of
NFPA 13, Figure 8.9.5.21.4,

TFP850

TN Tunnel Solution — TN 17/25 Nozzle

N

s:Foamax”

Fire fighting systems & equipment

QduL

Pipe positioned in the middle of the
tunnel ceiling, with a pair of nozzles
every five meters that spray water
horizontally in two directions

listed

Require 1/3 of pipe installation

L Coverage per nozzle up to 10 m x
5m =50 m?

U Tested for 100 MW fire with
shielded fuel package, Top, Front
and Back (with open sides)

QVisibility — STA has demonstrated
acceptable visibility during full
operation, which is not the case
with HPWM

JRobust

L5 @ tyco
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TN-25 Tunnel Solution - MZX SensorLaser™ Plus

JLow maintenance costs and safety against
false alarm during normal operation:

1 Immune against dirt and corrosive gases (Exhaust gases
and raised dirt)

' Immunity against interference fields (Tunnel radio, mobile
radio, ventilators) = 4

1 Unaffected due to temperature fluctuations (Portal areas,
traffic accumulation)

UReliable alarm triggering in hazardous & ™
situations: (Insurance requirements i.e. of
Munich RE Group) ‘
1 Detection of radiant and convection heat L
1 Pin-point localization within 3 m irrespective of tunnel wind
1 Quick and reliable alarm triggering before a full-grown fire Full Redundant Setup
breaks out
(dSpecial guidelines for the design and
operation of road tunnels i.e. In German RABT:
1 Valid for all tunnels having a length of 400 m or more

1 Trigger time of 60 s for a fire load of 5 MW and wind speed
of 6 m/s

1 Localization within 50 m

TCP / IP Interface

— DTS Control Unit ——/‘}

"

|«

&
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TN-25 Tunnel Solution — Light Weight Extremely
Corrosive Resistant TP coated pipe

LSpirol welded high quality steel pipe
U Thermoplastic Coating - Corroflo
LExtremely High Corrosive Resistance

LComplete pipe system solution with TP
coated pipe couplings and fittings

WPrefabrication

U Tested by Swerea/KIMAB laboratory for
corrosive tunnel environment

W Thin wall = Light Weight
L Spirol = Rigidity

NIP: 531-163-86-70 W
REGON: 146196990 :
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TN-25 Tunnel Solution — Light Weight Extremely
Corrosive Resistant TP coated pipe

UV - Resistant

W Electric Isolating

ULow Friction Loss C=160

Free from Bisphenol A

L Approved for Marin environment C5-M

JResistant to many chemicals

NIP: 531-163-86-70 @1 2ame SABO
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Design TN 25
TN25

1 Coverage per nozzle5mx 6,8-7,5m
J Back to Back 13,6 mto 15 m
1 255 - 375 I/min per nozzle at 0,5 - 1,1 bar
1 Example: Tunnel width 12 m
J 2 Xx Zone 25 meter
1 2551/m x 2 (b to b) x 5 =2550 I/min

) 2 Zones x 2550 = 5100 I/min

6,8 m—
7,5m

Tunnel
Wall

NIP: 531-163-86-70
REGON: 146196990

NOZZLES
AND
FITTINGS
SHOWN
ENLARGED
B 16'-4"
] (5,0 m)
16'-4"
(5,0 m)
ADJACENT
COVERAGE
// AREAS \
|
Jl 6,8 m-— P
i 7,5m
<—Tunnel Tunnel—~
I Centerline Wall
@foamax“
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/[ TN17 /
NOZZLES
AND
+ Coverage per nozzle5mx 7,5 m FITTINGS
SHOWN
ENLARGED
 Backto Back 15 m
« 233 1/min per nozzle at 0,5 bar o 16'-4"
(5,0 m)
«  Example: Tunnel width 12 m
* 2X Zone 25 meter
« 2331/mx2(btob)x5=2330I/min (1566-4;1')
« 2 Zones x 2330 = 4660 I/min
ADJACENT
COVERAGE
///AH EAS\\\
| //N\
6,8 m — .| 68m— v -
7,5m | 7,om
Tunnel <—Tunnel Tunnaely
Wall I Centerline wdll

Foamax’
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dystaybutor urzadzen plancwych,
Srodkow gatniceych planotworceych firmy TYCO w Polsce.

Standard Design
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TN-25

777 TN-25
NOZZLE

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

/I TN25
Example: Tunnel width 12 m
* Zone 25 meter, 2551/m x (b to b) = 2550 I/min

e 2 Zones =5100 I/min
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Standard Design
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Thank you!
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