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T he firew orks disaster in ensehede
P art 2:Safety & pyrotechnics

J.W eerheijm *,R .M .M van W eeB*,P.C A M .de Bruyn **,and J.W .K arelse * *

Saturday afternoon M ay 13,2000 a m ajor firew orks incidentoccurred at the com pany S.E .
Firew ork8 in th e city ofEn8Chede.the N etherlands.Tw enty･tw o people w ere killed and m ore
than Seven hundred w ere injured.W ithin a radius ofhundreds ofJneterS houses W ere destroyed
by the blastand debri s generated by the explosionsand burntbecause ofthe scattered 氏rcw orks.
W ithin 8n hour the incidentdeveloped ftom a m oderate fire and som e initiating firew orks in
oneofthe buildingsinto a 8eri e80fthree explosionsofincreaSlngvi 01ence.M any people wi tnessed
the accidentand num erotlB Video recordings from different angl es w ere m ade.
The poB8ible cAu8eS,Safety regul ations and safe ty controlw ere investigated.By order ofth e
Public Prosecutor the N etherlands Forensic Science ln8titute (N FI)and T N O Pri nS M auri t8
L aboratory (T N O ･PM L ) perform ed the forensic and technical investigations into the
recon8truCtion and the cauBe Ofthis disaster.The observed explosion emTects,the inventory of
the dam age in the area and allthe fo rensic evi dence w ere analy8ed.They fo rm the basis for the
reconStru Ction ofthe disaster.Scenari os fo rpo88ible causes Ofeach ofthe events w ere developed
and 8naly8ed..The events and effect8 W ere presented in the first paper (W eerheijm and D e
Bru yn l)･T his Second paper deals w ith the m ostprobable chain ofevents And the lesBOn8 tO be
learned concerning the (bul k)Storage Ofpyrotechnics in generaland rtrew orks SpeCificAlly.

I. lntrodu¢t ion
ln the first paper the Sequence Ofevent8 W as

descri bed.Starting wi th A fire in thecentralStorage
building,the ignition ofthe rlreW Orks in contai ner
E2,wi th in a m inute follow ed by the explosion of
the garage boxes and 66 second8 later the
devastating explosion in cellC l1 of the central
building.T he layout and identification num bers
ofthe storage Cells Are glVen in Fig.I.
In this paper the fo cu8 is on the reconstruction

of the chain ofevents.For the m ajor events the
possible initiation m echaniSm S and possible
consequences W ill be di8CuS8ed. L e880nS and
generalconclu8ionSare draW n fr om th ese Analyses.
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T he paper only glVe8 A Sum m ary Ofthe research
and high lights the m ain research 8tep8.T he
research is reported in W eerheijm 6).
It should be noted that there iS nO COm plete

certai nty about th e Stored quantities and type of
firew orks.T he licensed qu8ntitieS are glVen in
paper I.

2. lnitiation and possib le consequences of
fire in C2
In spite ofthe extensive forensic research and

heari ngS nO evidence is obtai ned for the cause Of
th e fire in the firew ork preparation and reparation
cell,C2.O n Saturday 13th ofM ay the com pany
and th e terrain w ere clo白ed (See al 80 the com m ents
in paper I).Therefo re w e 8tartwi th the facts th at
the 一ire w as noticed at about 14:45 hour w hen
activated firew ork w as ejected and landed outside
the S.E .Firew orks (S.E .F.)prem ises.A Sm allfire
in a garden w as reported.W hen th e fire bri gade
arrived the doors OfcellC2 w ere open atboth Sides
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Fig.1 Schem e ofthe storage cells and contai ners ofS.E .Firew orks

and the pla8tic skylights W ere gone.Som e fast
pre88ure build up m usthave occurred because the
doors on both sides w ere blow n out.N o external
b188tdam age w as noticed.T he fire w a8 fo ugh t at
both Sides orthe centralbuilding.T he firem en at
the north side (side orgarage boxe白)w ere killed in
the accident;no directwi tneBB reports Ofthe fire
developm entatthe north side Are aVai h ble･
T he effects oft,he fire in C 2 are'･
I.Fire;heatloading on w alls 0fadjacentcells.
2.Fire jet and heat radiation directed to the
opposite garage boxes and containers;

3.Ejected firew orks,wi th poSSibility of丘reigmi tion;
T he follow ing com m ents are m ade concerning

these effects
A d I:The w ooden doors ofthe othercells w ere

closed and locked; the internal w alls of cast
reinforced concrete had a thicknessOf200 m m and
w ere fire resistant.O nly the w allbetw een cells C2
and C 4 had an opening (diam eter 70 m m ).
A fterw ards concrete sam ples W ere taken from the
moor SlabB Of the central building.L aboratory
research show ed no evidence fわr heat loading.
C om bined wi th the fire brigade reports, the
conclusion w as draw n th Atthe fire in th e central
building w as notpa88ed on to othercellsexceptto
C4.Fire in C4 started before 15:28.

Kayaku Gakkaishi. Vol.63, No.6, 2002

A d 2:D ependent on the content ofC 2 and the
intensity ofth e flam e jetAnd heatradiation,fire
m ay be initiated in the opposite garage boxe8 wi th
thin corrugated steeldoors.H ow ever,th ere are no
indications that the firem en observed any fire
effects.
A d 3:A tthe north 8ide Sm allrlreS W ere noticed

And extinguished. F irem en reported that in
betw een the container8 E l and E 2 sm ok e
developm ent w as 0b白erVed And fire w as fough t
(15:28 hour).
O n the S.E .F.prem iSeS the eErects ofthe fire in

C2 w ere m o8tProbably lim ited to the rlre paSSed
on to C4 and the initiation orsm allrlreS due to the
ejected articles.
T he effects of the ripe in C 4 are sim ilar as

reported fo r C 2 w ith the com m ent that C4 w as a
8tOrage Cell,w hile C2 w a白the w orkshop w ith no
licen8ed 白tOrage Capacity after w orking hour s.
T he perform ed analy8e8 COnfirm ed that the

building (castconcrete,20 cm thick w all8 an d roof)
provided sufrlCient heat reSi8tanCe betw een the
storage cells.O fcourse openlngSbetw een th e cells
are not al low ed.The analy8eB also confirm ed the
requirem enton fire reSi8tanCe Ofdoors.A utom atic
fire 8uppreSSion 8y8tem S like 8pri nklerB Should be
a standard requlrem ent.
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Fin81ly,One should be aw are Orthe large area
w ith potentialfire hazards W hen the ejection of
rirew ork S Can occur. R equirem ents on fire
resistance Ofother facilities一ire param ount aS wi ll
be clear from I.he event,8 in the container E 2.

3. lnit iation and poSSib le consequences of
r8aCtion in E2
T he follow ing initiation m echanism s w ere

exam ined theoretically:
･ E xternalfire;
･ Firew orks 0n and,or under the container;
･ B urn ing m agnesium (ejected from the w orkshop)
on top ofcontainer;

･ Firew orks before door 8lit.
From previ ous research it w as know n that the

re8i8tanCe Of Steel IS O con t.ain er島tO the
standardiSed rlre loading iS lim ited to a few
mi nutes.H ow ever,in the currentinvestigation the
intensity.size and duration orthe external rlre W ere
the param eters.T he T N O C entre of Fire R esearch
perform ed theoreticalCAIculAtionS and the very
poor fire re8iStanCe Of the Steel containers w as
8tre88ed. C onsidering the tim efram e, the very
limi ted負re resistance Ofthe contiLiner,the presence
orAn Old Sm alltrailer w it,h w ooden 爪oor betw een
E land E 2,a Sm allrlre W 88 pO88ible and sufrICient
to initiate a fire And rlreW OrkB in E 2.T he other
potentialinitiation m echaniSm 8 appeared to be less
likely And w ere rejected.
T he SuCCeS8ive eLTect8 0fthe E2 reaction w ere:

Sm oke from door Slit,Strong Sm oke developm ent
follow ed by intensive rlreW Ork reactions,nam e jet

(in tw o pulses),ejected rlreW Orks And very severe(external) m assive rea



Fig.3 E frect8 0fexplosion in garage boxes (v

i deo by G .Poort,enhanced by N F I ).w as Calculated.E
xperim ents W ere perfo rm ed todeterm ine the therm a
lload behind the steelSheetdoors arid the required
duration to ignite thepackage8 0r rlreW Orks.The re
quired loading tim eproved to be in the order or
12 S.ConsequentlyeBCAh tiorLOfthe accidents b th
e garage boxe8 0rcontainers COuld be excluded. T he p

oSSibleeBC81ation to the centralbuilding w as reje
ctedbecause Ofthe considerations m entioned at`̀ad l
''.A d 4:T he hearingS learned that in E 2 8he
118w ere Store

d of at le88t 6 inches. T he videorecordin耶C
On爪rm ed the presence ofm ortarshells.The eject

ed rlreW Orks caused rlre and dam age in aw ide area.Because the acc
identescalated w it.himA mi nute after E2,the po88ibl
e local"breaChing''dam age Orm ortarShellst

O W OOden and garage doorsw a島exam ined experim entally. N ote that thecont,ent8



door debri s and h m e jet(1.3 bulk Storage)
･ w hen l.3 G articles in 8 Storage Cellreact,the
pre88ure build up can be 8uLrlCientto throw the
contentB OutW hich leads tO extensive external
effect8 and a considerable increa8e Ofthe riBk8.

･ The pre88ure eLrectBAtShortdi8tAnCeOfreacting
Shel18 Can be Sufficient for )ocal dam age and
breaching of w ooden or 8Lee1 Sheet doors iS
po88ible.Consequently the out throw of8hellB
lead to new ri8kB.Strength requlrem entS for
door8 are recom m ended.

4. Possib le consequences of reaction in
garage boxes H7 to MI
The initiation po88ibilitie8 in the garage boxes

from th e Lire in the centralbuilding and the eqects
from E2 w ere already m entioned.ln this section
w e focus 0n the 8ym paLhetic reactions in the
garage boxe8.Forthe dam age and observed efrect8
See paper 1,W eerheijm い.
T he d8m Age prOOr8 that the m ost severe

exp108ion occurred in M 7.but the localdam age
clearly Show ed that nO detonation occurred.T he
ob8erVed debri s Velocity or 200 m /8 W as related
theoretically to the required reaction velocity of
pyrotechnicsand the localdam age tO the rem aining
moor Blabs.T hese 88peCtS Could be related wi thout
any COntradictionS.Iti8 evidentthatthe "required
reaction velo¢ity"can be achieved by the properties
orthe pyrotechnic m ateri als them selves,and/or
the num ber or ignition points and/or the 3D

expanSiotIOfthe reaction frontand th us the )ength
scale and si2:e Ofthe Storage Cell.
T he nextquestion w as aboutthe m echanism tO

initiate thecontents0ftheothergaragebDXe8.M ost
likely is that the 5 cm thick w 8118 (ofprefab box
M 7) failed and w ere launched w ith an initial
velocity in the order of 100 m /8.T he resulting
Severe Cru shing ofthe rlreW Ork8 in M 6 and therm al
108dimg caused the Sym pathetic chai n reaction or
the firew orks in M 6,and 8ub8equently in the other
cells.The reactions in the garage boxes occurred
in the tim e fr Am e Ofle88 than 0.5 Seconds.
TheeErectofthe explosion w asa blast,equlValent

to a TN T explosion or800 kg.A fireballw aS fo rm ed
wi th a radius 0f85 m eter.The gar喝e boxes w ere
com pletely destroyed and fm gm ented into Sm all
debri s.The com bined blast and debris form ed 8
Severe loading for the centralbuilding and the
Containers. In com bination w ith the therm al
loading and ejected burning firew ork articles
escalation ofthe accidentw 88 inevitable.
ConcluSionB and di8Cu88ion on the 8ym pathetic

reaction8in the differentcellsAre glVen in the next
Section aboutthe explosion in the centralStorage
building.

5. lnitiation and explosion effects of ex-
p losion in central storage buH ding
C onsideri ng the centralbuilding,the Strength

of the explosion in the garage boxes w as far
8ufrlCientto blow the w ooden doors into the cells

Fig.5 O verv



and the fireballengulfed the w hole building.The
contents 0rallcells could have been ignited,The
localdam age how ever show ed clearly that the
explosion in Storage CellC lIw as m ostSevere and
dom inant.A Single explo8ion irL C ll And the
sequentialSym pathetic re8CtionS in the othercells
can exph in the totaldAm 8ge.In anAlogy wi th th e
garage box AnalySi8,the required localpressure
and gas pre88ure W ere related theoretically to the
required reacted m 888 0fpyrotechnic8 per Second
to explain the observed dam age an d the
sym pathetic reactions in the adjacentcellBlCru cial
in the explanation i8 the reaction velocity ofthe
firew orks in C ll. H ypotheses to explain the
dev8Stating m 888 explosion in C l1are:
I.Storage OrrlreW Ork ofthe tran8pOrtClass 1.1;
2.Com bined Storage Of 1.3G And 1.1 rlreW Orks;
3,Firew orks 0rthe c1888 1.3G w ere Stored,butdue
to door im pact the packages W ere 8eVerely
dam aged And the rirew ork obtained the I.I
ch8raeteri8tic8;

4.A触rin itiation ofthe stored 1.3G c1888firew orks,
tem perature and confinem ent conditions
accelerated the denAgration proce88 tow ards a
detonation･like reaction.
N one orthese hypothesesW as proven duri ng the

technical re8earCh program for the mi ni8try Of
Justice.It Should be noted that U N transport
claSSirICation teStB W ere perfo rm ed on a Selection
ofrlreW Ork articles based on the 8ale8 list OfS.E .
Firew orks.Som e ofthe te8ted rlreW Orks obtained
the 1.1 tran叩Ort Cl888ification. T he Second
com m entiB thatthe hearingS learned thatin C ll
6-inch m ortar and 6 inch titanium report shells
w ere 8Lored.T he te8ted reportShe118W ereClassi丘ed
AS 1.1.
1n order to learn from the observed eErectS letuS

discu88 the effects in Storage Cell11in m ore detail.
･ C rater:T he evidence for the localpre88ureS is
glVen by the cm ter.T he crater extended to the
adjacentcells butthe Shape Ofthe craterShow ed
th titw asCaused by a Single explosion And that
the reaction8 in the neigh bourlrLg Cells did not
contribute to the crater.Relating the strength
ofthe explosion in C llwi th a T N T detonation
by the craterdim ensions,the explosion Strength
is in the range Of750 -2000 kg T N T equivalent.

P leASe note that the concrete moor w as not
breached,so the localpre88ure8 in the firew ork
reaction w ere m uch low er and notcom parable
w ith the preSSureS in A T N T reaction.

I Acceleration ofw al18 and roof:D ue to the Shock
w AVe Ofthe explosion the roofw illbe torn fr om
the w alls and the w alls from the foundation.
R eferring to the crack pattern and dam age tO
the moor Slab,the w 8118 and roofw ere broken
m ost probably into Sm all debris. N o good
prediction ofthe debris Velocities W 88 possible.
From explosion test W ith concrete am m unition
storage Cells itis know n thatthe velocities are
in the range of lO0 - 300 m /8. For the C ll
reaction,the debri s Velocity had the sam e order
orm agnitude.

･ The effecton the adjacentCells:The moor Slabs
w ere pushed dow nw ards W hich proofs thatthe
explosion pre88ure OrC l1expanded through the
failed w alls tO the adjacentCells.T he required
preSSure tO defo rm the noor8 W 88 derlnitely
8um cientto brake And ejectthe roofs And w alls.
H ow ever,the explosion preBBure OfC 11 w ould
never be able to throw I.he roofs Of the next
adjACent W 8118.Tim e i8 needed for the failure
proce88 and in the m ean tim e the explosion
pre88ure in C ll has Vented through the door
ope ning.Consequently.the conclusion JnuStbe
that Sym pathetic reactions Occurred in the
Adjacentcelhi.

･ BlastpreSBure and dam age:The exploSion in C l1
produeed 8eVere bl88t,butit m ustbe excluded
thatthe totalblastdam age in the Surrounding
living area (equivalent to dam age Ofa 4000 -
5000 kg T N T exploBionJw 88C8u8ed by the Single
exploSion in C ll. R eferring to the licensed
quantity to 8tOre 7000 kg gro88 W eigh t (1.4G )
firew orkB,50% net w eigh t and estim ating a
T N T equivalence of0.5 fo r the Stored rlreW Ork8,
a rough num ber fo r the (m axim um ) explosion
Strength i8 1750 kg T N T.

･ Fireballand firew ork projections:T he observed
fireballhad a diam eter of 135 m ･The Storage
c叩aCity of C ll w a卓too limi ted that a Single
explo8ion in C l1could produce a Fireballofthis
8iEe.
itisclear thatSym pathetic reaction occurred
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in m ost Of the cells in the centralbuilding (and
containers).A likely butstillunproven explanation
em erge from the above given facts An d
ob8erVationS.The explosion in C l1 caused failure
ofthe w alls,these W ere blow n into the adjacent
cells (velocitie畠in the order of loo m /S).ltis m ost
likely that due to the im pact, 8eVere friction
because Orthe non-unifわrm ly distributed load,and
also COm bined wi th the Sub8equenttherm alload,
large quantities ofrlreW Ork8 W ere initiated.H igh
pressures W ere generated in shorttim e leading to
the break-up ofthe building and contri buting to
the total exploSion blastand fireball.
From the rlreW Ork disasterin Enschede and the

observations m ade it em erges that international
research effortisneeded to understand and quantify
the explo8ion effects offirew ork in bulk storage
conditions. C onsequences or m ixed loading,
confinem entand scale have to be know n to define
safety regulations and evaluate the current U N
transport classification m ethodology. It is
m entioned thatrecently a jointresearch projectof
T N O ,H SL (U K ) and BA M (G erm any) On these
topics w as granted by the European Com mi ssion.

6. ConcJuding ren8rks
･ Ifthe Situation at S.E .Firew orks w ould have
been in confo rm ity w ith the licenSeB,th e fire in
the w orkshop of the central Storage building
never coul d have escalated to the disaster M ay
la th,2000.

I M uch m ore arew ork ofthe class 1.3G w as Stored
(and probably also class 1.1) than licensed.The
facility w as not suited to control and contain
the eWects.

I The m inim alfire resi8tanCe Ofthe containers
and the lay outorthe prem iSeS,COntainers and
garage boxes at Shortdistance and opposite to
thecentralbuilding,contributed to theescalation
ofthe fire accident.

･ T he firew orks disaster is caused by the
transition offirew ork rlreS into m ass explosions.
T his happened in the garage box M 7 as w ellas
in the Storage CellC 11.H ypotheses w ere deh ed
but could not be proven so far.Initiatives are
taken to study the reaction characteristics 0f

1.4G and especially 1.3G firew orks in bulk
Storage conditions. If necessary the U N
c1888irieation m ethodology for transport
cla88ification have to be m odified in order to be
Suitable for safety regulation8 0fbulk Storage
and bul k transportoffirew orks.

I For the storage and transportofrlreW Orks fire
resistantcontainers have to be required.

･ W hen I.3G rirew ork8 are Stored, im pact
resistant doors are recom m ended in order to
prevent dem olition by close-in firew ork
reactions.
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訂 正 と お 詫 び

火薬学会誌32 8号 Vo l.6 3, N o .6

} PL次 上より4 布目の飴文題名
(演)The Fireworks disaster in enschede - (正)The fireworks disaster in Enschede

■日次 上より5 布目の論文題名
(洪)The Fireworks disaster in enschede - (正)The rireworks disaster in Enschede

■目次 上より7 番目の給文頁数
(釈)362 - (正)354

■p3 30 胎文髄名
(畝)The rirevorks disaster in enschede - (正)The fireworks disaster in I:nschede

J p338 独文儲名
(訊)The fireworks

{ 総目次 v iページ,
(畝)The fireworks

●総目次 v iページ,
(a )The fireworks

■総目次 v iページ,

disaster in enschede 一･ (正)The rirevorks disaster in Enschede
上1行目
disaster in enschede I. (正)The fireworks disaster in Enschede
上 3 行目
disaster in enschede l- (正)The rirevorks disaster in Enschede
上 8 行目

(釈)362 - (正)354
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