When water goes up in smoke
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Image 2 The tested set-up: A corridor of
20 meters long with a shipping container on
the right hand top side. (Picture: IFV)

2.1 Set-up
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Image 3 Dividing of the corridor into different zones. The height corresponding to the zones is shown
above. (Picture: [1])
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Image 4 The pattern of the arc
method:1-2-3-4-3-2-1.
(Drawing: [1])
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Image 5 Schematic representation of a zone model: The smoke layer is considered hot and below
\ there is only air which is considered as cold. (Drawing: [1])
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Name Forward cooling Backward cooling
LP 250 3D-pulse 6m >17m
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LP 450 3D-pulse 6m 9m
LP 450 arc 15m >17m
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2.2.3 Differences between the 3D- and the arc method
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Temperature warm zone
LP 250 Arc - Test 1
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Image 6 Comparison between the 3D-method and the arc method with a flow rate of 250 LPM. The
temperature is shown at 2, 7, 12 and 17 m from the entrance of the hallway. Please note that the
temperature scale is not the same for both graphs. (Drawing: [1])
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Temperature warm zone Temperature warm zone
LP 450 3D - Test 2 LP 450 Arc — Test 2

Temperatuur [*C)
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Time (seconds) Time (seconds)
Image 7 Comparison between the 3D-method and the arc method with a flow rate of 450 LPM. The

temperature is shown at 2, 7, 12 and 17 m from the entrance of the hallway. Please note that the
temperature scale is not the same for both stats. (Drawing: [1])
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3.2 What about a static smoke layer?
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H3l(fire gas ignition) A2 Reffe = o0, I}A O|2{sh A&tof| M CH=of TILTHA
Atgl7h ULt Ol= &3 H7|510tes 23 g 80|, 2= ¥
AEfO| 27| X|H™ ZHXY(under-ventilated 2 Ay|Bs0 2

A7 =& £ HetHo|ct

- 1A

rr Mo
=
2 o

Fl Mo
)l
AT
-l

H

Pl

hekA %2kl AlLt2| 2 (worst-case scenario)= & 7HX| 2 Lt= 5= UCH IFV(H E2tE SSoH A
AFoME 2T o 7tX| HEES Uo2=2 ZASIYCE 2Lt & HR AlLf2[e Lot ghE
D 2{Z|0fOF POt AREI2 EIAMO|A CHSat ZH0| gsta QUL

%)
A

B0 Etel MEfZ RAE/E FE A7) F(stationary smoke layer)S [H& 2= 3t A& AT A=

A2 LI2 ZIF LHEFE 5 2k

IFv g Z1f= Of3 7| #0| 3D B4 7|MEL H Y22 obXjf 7tAE dZ4sitts As 2o E
ALy & BK AIL2| (8 P7[5)0 M= o3 7|80 BA J|HEL O 48 &, S &
O X2 208 B o= AL A2 A= 0|of CHal A7t O| RO X|X| 47| W20 =gHQl

o
2= W3 = 8loh

Y ot

7|0 = H7] XtEH HE(smoke stopper)2l AFEO| HH F7t5td ALt WAL &F5h=
_|C_>I_

=
ZFefo|Lt OfTE 0| BHAfol YRS hEE B 0D, B2 Al ol (EE 25 35
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E[0f O Bl SEi7F RAIECE Of2{%t 4%, HMA A7 A HES 2R £ ELES HLSHA

o
ZICH OlQt Z2 MEUME SFH H7|5(dynamic smoke layer)O| HEEX| UECH ZA

£+g(urban context)Ol A= O[2{%H At 7t A Spx{o| CHEr=S AHR|E 7H540| =

At

et HE2te d3s 58 A7|5(dynamic smoke layer)E 4O Z $AEASS HAUT
L7t QUCH O2{Lt ¥7|50| H| ™ X OQl(static) M2 = Cta= =XYStCt, o|of Wzt & H7|HS

ez ot M2 A7t sd5=

S

Of BtE & StCt

3.3 Steam
=22 22 S50 €2 S51H HA 22| 27100 °CHX| 458t 2 +=F7|2 7|35tH, 0|F
O £&57|= FI7I2 2=t 45t} AT OM =57|= H&2d 7|X (inert gas)E %&3IH,

MX 7|5 (static smoke layer)OlN =3 Adee e £ QICh 719N Z3HEol A
SHA|(flammability limits)= HIZH 7|X| 7t MI7tE 42 3 2 2o

gaAl7|E 20tE 2ottt of2{gt ZH2 HERE AP0 = ZEX| BERACEH &2 H5HH
—

— 71—

& 7|8 +E M= 0] a8 HF5tE 40| 27t 57|71 HNE o= & 7|05t=X|+=
Ot&! H2ts| La{X UX| QL.

CHE S| 22 T=5tH, AH8 7tstt ol X|e &Y E 20| 22 7tEst= O AH|E 5= UL} Ol 22
+37|12 Hetst= 4 M8 = A= oYX|7t S ELCHs A2 20|t} ZIXC R, XFHOZ
MMEl= 57|20 ZAstH, W2t HlZdst fik(inertizing effect) T AT S 2 ZHOpEICEH
HaNMoz FASH TN T A (water pulse)2 AHEY A2 03 &4l (arc method) 2Lt
O B2 377t 4dE Ao= oae = ULt

+=37]= 59| & A7|E(static smoke layer)0| FH = UM S5t A2 ot} HHH M
®7|F(dynamic smoke layer)OA= H2ZtE|0 HZMBLE AY|71 X|EEHO R QEE FELER

3719 G2 dUH2 2 2 TSROICE 0|24 Mo HEetE H3lol e 2 LS ZHEIC
AFoME S A7|SS W2z o7 M2 +37|2 922 duy2

=
5700 Buts @0l EHEX| QUCh D2fLt O w3 X ATE SO O B2 K4S

3.4 Water damage

Of3 7|%¥(arc method)dt 2230l H7|E + U= 2% 23 A & StLte =& Hd(water
damage)O|Lt. EXPZL Oj= SZ2OA SIS Z|@o| Oiet ojHdE =S W, 2= Cad €2 S
INESE SIS
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b O|RO{X|X| &7| MZ0[Ct. 1

Zo| FEIO| A2 ABFMH|ZF 2 22|&l
oA O =4 LIEILEY, 2352 32X 2@ (fire insurance)0f 7+ &[0

10 k2t Xo[E =
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FEEOT ZhHOfl A
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o
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X &2
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2 %= Uk

15| &R UX| Gt

SEA
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f
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Chat

d 7IgEC o 2 IO

3D ¥
fat Rt
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o
—_

O3 7|HO|M AIRE|= Cl2ko| 2
MEE S (flow rate)of w2t

O =0l
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—

q

X
o

o
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o

2
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—
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SRy
=
—
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o
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=
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=
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3.5 Safety Margin and effects on tactics

2015 9 MO BIK S50 PA(staffing)0l #37F SUEACH 100 & O[A B}
SE0js 5oz THEAOL, OfF| 6 BOZ EIFSIYCH, 1 O|HIKIS 2t Shaf HEOM 3 Yo

L0l 5 =2 (water supply hose) 2% JFE +=AsHOF UCt. o] YFE O|H F F(duo)di|A|
o= Aol =2[HY = UALL, MM 2= CHE A0 =YL QUCH ZE o AHM BEEXHLE
g5 2AE AX|SHA| gfn, A X|2|&(company officer)O| o2 E mCtstE 2 3t Z{0|C}, 0]
A™ES UL, AY X[, 2|0 25 MAXS ALO|0|M Hot B S E{Yitt. #F F+
SEHE FIglE(attack team) S/ SIS PIEfEA BHF= RE7F ZICH

L& ZZ4(interior attack) &€& & ZIYEO| 22 Ct MHE [z EXIStQCH. 1 = 5 HO|
A

ZotEM A BE g5 22 X7 20 SALE. A4 R 22 42 A 230 H=E

2,500L °f 22k SAE HMOstL HX|O LY = Us A= LIEHM. 2882z F4
7|'"¥(nozzle techniques)2 AF&%+ Z0| O|0f 2A 7|0fot Aoz HOQICt oxf f2= °f 204
MECH2,500L S 22 O 2 SME L = AA = AL

BE g5 22 24X E SHACEM HE = AUs 7t 2 ZHE2 02 HYS O UK A& £
UACH= FO|Ct. EA| & (urban context) M= Ol= BT FX(rescue)2| £ 422 0|0fZICt

OtoF 4= A MX|0f 2 20| AQEICtD 7MY AL, SAS HA|SIX| %2 2 F= €50/ 28
Cf Wa] AJZE = UACH X2 H 3 S B2 AM 0| A= “five on one hose” T&E TS

Of HElME g 24 X|= €22 $HEX] =0t

2015 4 PA| B2 S250| LM 2™ of F(safety margin)= HIZXo| SH3 0] XF = SO|Ct.
7t~ dZt(gas cooling), AT SZ(direct attack), Zt¥ JZ(indirect attack)lt #2 F
7| (nozzle techniques)2 &85tH, LHE =2 2 E HIEA W 2222 KoY = AW, KT3I

28 =0| g =L

a2 7.9 HEoM= 2txf TtAE d2StE O 9 450L 2 0| AMBEIRJACH 2{Lt 7t 7F HIX|El
et A AE 2 HO| A7, IHHE EHEZ FHM(search)sl{OF HCH Ot B2 SO
AMEE AQ7b DHOHH X LS Qs H= 22 LOtLt ke ok TIL 2| 2HF 0 7 (safety
margin)= LOtLE 20{S7k? O|2{et S n2{stH, Of3 7| g2l AtO| LIHA| Te s urgol| st
gehs 0[E = ASS &€ & AULL
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StCh OlE

efe)

AHE Ol ChHot A7t M2

=5 A% (realistic deployments)0fA 2| &

Aol

Bl

</in]

on, A0 227t ==

K,

3

A2|7t &

]

o3
X0
Jjo
Toll
un
LH

0] L& 34 (interior

do| o

RO A

TZ(search & rescue)

Tofll
ol

M, EH Xt

o

i

!

ol EI-A

&

S P

10
e
10

<+

attack) S

b

.
()
—

E|QUCt J2{Lt or3 7[R o F0= OF% 0]

HEg =22 oYU (water supply

4

E2(Flanders) X|

=g

I

w3

ol

Ao HMZI=2 ATt o2 o

N

ofn

3.6 Different geometry

A

= g0
S0 o

= 72l .

HAd

o
o

azLt oSt

B L

StLf.

k=X¢)
[—

2m ol 7l BEECt AH o

of =&

3

70
s

Ct

Jod
0
L]

H

F

S} 7}

Image 8 The geometry of the setting was pretty simple: 20
meters straight out followed by a turn to the right. In reality,
the situation can be a lot more complex. (Picture: IFV)
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—_ [T (@] -
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E R e |

Mowmes s ®

T KWW T WO

oF o M <0 m™l K4 <0 or

3.7 Too difficult

(pulse technique)2| =40| OjFCtn AFotCt O 2AH=Z, ¢ IPHO|M

Bl

C}. O3L} o] A

[e:]
AN

P

.
o

== MAl

ofot
A

LS

L At(instructors)Ofl 2|5l =B ACE 07| N

5l A2 7|&X 0| Z(technical difficulty)O|Ct.
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= 1T =
A7z HYS Sl =
o
—

= 2 HYst= 14% MHECZ 0|2 &2 OfL|CH AR TIC| X[HOY 2,
U™ = (skill)O] E st

o et = (practice)0| @& L}

i
_?l
|I|>

8H31, 450 L/min O Af OF2 7| ¥ s ot A2 MHNOR 48 RES 270, 0|3 ERES
UBHOR 3.5 bar YR HEsHE BES ABOID, Ol P27 ALBSHE YRI0| o Futof

SiiEstCt, O| 2 Qlsf 2Hatof =M o 2 A2 3 (reaction force) 0| 2 ST}, 2HEHO| A 450 L/min 2

S =
— o 1
eoA= S35 & =80| 2 &= Ut YEH 2 HF0| a5 2 HEE8HE 555t= A0 4
+gsict

ofstM, Ch21b 20| Falg = QUCH EA 7|¥(pulse technique)2 7|&X 2 2 (technically)

o2 HtH, 450 L/min O|A 2| Ot3 7|8 (arc method)2 A HZX S Z(physically) 022 A2 =2

3.8 Training

28 T YoM= W=(training) =M =Z ofg{ig2 42 ALt M TY &S(firefighting)=
g =&stH, 0|8 HESHH #dst7| ?siMe B2 7Zl=(skill)ol 27 &L L WE
&S (indoor firefighting)2 TA Y€F T 2 HISS AX|tCh O2tM Ol QtEsta

o
o= +¥sty| e HEre Hig D]

A g AlZto] WQstCh, x|k 15 HZE O] HOfojA ol wH S
QI8 B2 AlZtnt XpRIO] EXFE|QICH B TR HAY R2[7F st D s EHF S (direct

N A S
attack), 7t 3Z4(indirect attack), 22|11 32X 7tA H2ZH(smoke gas cooling) 7|22 E/d5}H7|
flo off Kt =P RACEH BHeF OF3 7| B (arc method)2 AFESH0] 7hA A ZE HEALZ B

(1S HYR)S2RE "&£ g 7/opI"ets BS0| Lia A~ 0l QUL

r

Ot= 7|¥(arc method)2 =& 42, 7|&9 1

BE o 7tA dZf(classic form of gas cooling)&
7 = ULk J2{L dX 0|8 st SEE 7[Etez 2H

Ol Ctax 43% 2FoE =olrt,
St glo] Mo LF S A(interior firefighting) 40| A2l gi= X|FoM= o3 7|EHE e
ANES=ZE MEfst = QICH O A ot ZHThsll 80[stH, A9 ‘KISS Y| (Keep It Simple,
Stupid)*0fl £ D2jL BFHORE B ALB 0| BOF -2 L3 (water damage) 7t S7HHCHs
dolch  olgfst  X|HoMe  AfAM  ZH E2|(station distance)7t Tt HOf  F7}
EZf(reinforcement), & IZX0| 22 323 44

S HOo| =&SH= O AlZto] o ZE £ QUCH
Ol= ZH¥ o 2 ZTIEl(attack team)O| LHE M =0 EZFSiE H 2 S7HAIZICEH

4 KISS(Keep It Simple, Stupid): 7tsetet thedtA FXIStet 22a%t SXE2 MAstet=
HE|
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Ot3 7|¥(arc method)S 7|Z 1

_tlo
icT]
oA
=
I
N
OII

H (extra method)'2 2 Z5HA|7|= YWHE Q)

o
e

JdejLt ol F=7F W AlZto] Zastg oojgict, stHOoZE ofa 7| XHME 7tEX|7| st
AlZto|:, CHE SHHO 2 &= AX| of3 7|HE AHE8EX|, AKX 7[&E 7tA W Zi(classic form of smoke
7k2X]7| 2|8t A|ZHO|Ct, O3 7| & Xt E B = A2 Hlu A

gas cooling)2 AF&ZX| & HESIES
~

=
LESEX| R, X Ol HEStL oA 7[E LA(3D B)E: AMEEXE BFsts A2 g

o
2Xo|ct, et ol2{st AH S&(training in decision-making)S ZE&st2{ ™ F7+ | A|ZH0]

Zasict
EkA ol2{st MEHS W8 T (formation)Of A &St H|2(cost)™ ¥ O|XICt,

4 What does this mean?

HE2te A0l $&st A= Hustn EERSE 2 Q(clever and solid work)O|Ct O] A&
ol 23| M= X|4/0] THSO{RCt, O|X 5% HE2 CtS1t &Lt
L

0 HZ2 N2 Ll oFH BEY AT

ZEZEIC}, W Y RS0l o]0 CHef

450 L/min oA 2| O3 7|8 (arc method)& 7|EQ| 7tA W Zi(classic smoke gas cooling)O|

MgE|7| og{2 ZUHO M= O|F(progress)S 7tsotA $tCh Ol SHHOZE 29 =2 04X
S+ (energy absorption) 0|, CtE stHO Z = O] 7|#0| 3D EA(3D pulse) 2Lt & O
M AH2[(15 m vs. 6 m)7HX| W22 = Q7| WEO|Ct 2Lt diojz, o] 7|g2 AEst AMHH

o 1 =2
- 3 (physical effort)2 @75tH, 2 & ZILLHYHO| O] +=3e 4= A= 242 OfL|Ct,

Ot3 7| ¥ (arc technique)2 3D EA 7|®(3D pulse technique) 2Lt £=80| 0|SICH7|&H22).
Ol #2F22 of3 7|0l 3D B0 Hlg) & B2 “2X(errors)"E 5{&3t7| WEO|Ct. 3D

mAle BIEQI $1XY kA WZh(smoke gas cooling) S SIsH SHS0| HEsH 9|X|0) Z2ofof sh
it

, Ot3 7| g2 2tH9| ot +dElX| BHetE s S=2¢ 44 208 20 =L

, O3 Z|%(arc method)0dl CisiAM= OS]  LEX[X| @2 FZ20] B,

Tt (disadvantages) = ZEX{SHCF.

Advantages Disadvantages

Better cooling More water damage

Easier to learn Smaller safety margin
Harder = 5 on one hose
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Later search & rescue

Often overkill

o
i
N
rE
|0
tu

2 [If, 4 7|¥(pulse method)S Ot 7|¥(arc method)2Z CHXSI= A2

ret
ol
e,
]
62
mjo
ol

Ho2 WEHEIC M YRS SREE I oFX YYCH 152 03 7|8s

1
N
oz
IE

additional method)’'22 E=Q3IASH, AJ7|Z(smoke layer)O| ’gxl(stationary)

SHALE Y| 850l 8R0= 8 E4(long pulses)= AHESH, 1 2 H&0M= o3 7|

ﬁ
o
rot
o

Oy AE1 S22 37H0M2Ql W& EZ(interior firefighting)2 T2 T A| X|Y0|A O|F0{ZICt,
o|2{gt X|Yoj M= LetN oz A W2 YA S O BO| #otE = UL EXt= of3 7|H(arc
method)2| & FYS F= 0|3t X|Yo|M &S = JACtD 2Lt O 7|Y2 o 2 2E(seat of
fire)2 2 OtMSHA g 5 UA siFH, £ ‘AL F(full jet)’E AEESEN =0
= (horizontal)t =%|(vertical) &2 D50 O He| =St S oFC}, CHEE, O] 2{3 22 M

o
Atedl & L& (minority)’ofl SiE2E2 FEE Za7t ALt

20| Y2|otH, 0/ CHS T 20| B 4 9UCh,

Pulse method Arc method
Normal situation Larger buildings, larger distances
Small and medium large fires Large fires

Geen immediate water supply

S4H0 g(immediate water supply) | Immediate water supply

etA o3 7|HM(arc method)2 'A$HEl Atg(limited number of cases)OlA ALEElE F7HA
&= (extra tool) 2 7|s8tA EICH

5 Final Thoughts

HE2E A= THOZ ‘2 J|H (groundbreaking)’O|C O] ATE E3f MZ& X|A! (knowledge)1t
M2 &% (insights)0| =Z%| ALt

HE2tE Ad S u(Dutch Fire Academy)OfA ZHA ItSk(fire science)2 Z2st= E|FtEX
Q|H{(Ricardo Weewer)= O|H 1 ZIE Xt2A A 02 QtsiCtn HAZstQICt o= Moz

=2 872, i EXNe A7t +dEAZS 20T B0 R Ol2et A7t BRSICL F,
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tot

IR Rt (firefighting) Off 2tst &1 1QtF 2t&d Skat(chair in “firefighting”)>7t 2 Q3}Ct, OfX = i

EES0 g2 7IC2[ 7| WZOICt Atz|o] X|£H ol #Hah(of: o4 X| &0l 2t 2SS
ERRO0l Mz2 EX0 HBstn 2, oo tiet X|A0] Eds| &t HEEEE 23 7|2

=
S

re

O[2{et XA FHHO| IA 7|ofs) t2m, A7|of £ oo CHet £Xt7t ER5tCY,
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