The usage of local material with environmental recycled origin
for manufacturing fire rated wooden doors
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Introduction

In accordance to the current period in EGYPT & the new national huge
projects & the need for compatibility with the international specifications & codes
in the safety & fire protection procedures requires using fire rated doors for the
different fire rated zones in such projects.

Thus, due to the availability of the environmental recycled material in
EGYPT like molasses & wood particles, this issue encourages the researcher to
use such kinds of products in the production of recycled wooden fire rated doors.

After survey on the local market it was observed that all fire rated doors
are exported according to the British or the American codes, according to that
survey the researcher design & manufactures & test one type of doors using the
previous mentioned materials, to be used in the Nile hotel “* KEMPINESKI”
project in the Housing & Building National Research center which accepted the
usage of such doors in the project mentioned.

Therefore, this research has an important impact as a first step to depend
upon the local products instead of the exported ones which helps in reducing the
frequent use of foreign currency as well as providing lot of jobs promoting
investments in such projects & reduce the financial burdens upon the project
budget that need such products.

Research problem: -

- Shortage of local made fire rated doors.

- Lake of using of recycled materials in wood working items.

- The continuous increase of the fire rated doors in Egypt.

- Meeting the accreditation of foreign labs for testing fire rated door.

Research objectives: -

The research targets producing fire rated wooden doors depending on the
recycled environmental materials, depending on official testing laboratory located
in Egypt to license fire rated doors.



Research Importance

- The possession of the identity to produce an Egyptian fire rated
wooden doors.

- Provide jobs opportunity depending on the products manufactured in
the Egyptian factories.

- Helps to save foreign currency through manufacturing that kind of
doors locally with local materials.

Research limits: -

The research is limited to the study of the design, specification of the
British fire rated doors& also limited to the fire rated wooden doors manufactured
from Egyptian recycled materials.

Research methodoloqgy: -

The research follows the following syllabuses: -

- The survey method throughsurveying the Egyptian market of fire rated
doors.

- Experimental syllabus through testing the fire rated wooden door

Research subject: -

The core in that study is a case study the researcher goes through it by
applying a fire rate testing to a door leaf designed by him in an attempt to
manufacture a fire rated wooden door according to the international codes with
some local recycled materials, thus the British fire rated wooden specification has
to be clearly illustrated as follows: -

30 minutes British Fire rated doors materials

The fire rated materials are categorized to 3 categories: ( Dwg 1 ) Leaf, frame,
accessories these categories will be demonstrated as follows :

Door Leaf: (figure 1)

The core of the door is manufactured from a particle core from Halspan
company consists of 3 layers from fibers treated with some chemical components
tested & certified from the international labs like BM- Trada & Intertek companies
& its dimensions are 240*110*4.4 cm with a density of 620 kg/m3.
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Door Frame: -

(Figure 1)

Components of door leaf according to British

standards

(Figure?) different materials may be used in the frame of the door but we will use
in the research the hard wood frame with a dimensions of 14*4.5*214 cm & a
density of 550 kg/m3 according to British codes — BS476 Part 22

(Figure 2) section of the door frame according to
the British standards
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Doors accessories splits into two parts

a- Intumescent strips with a dimensions of 4 * 11 mm fixed to a groove on
the edges of door leaf it helps to prevent fumes & flames leakage from
spaces between door & frame (figure 3)

b- Other accessories as hinges door locks automatic door closer or any other
as specified are fixed inside special gasket to prevent leakage of fumes &
flames from the offcuts for that accessories.

(Figure 3 door section illustrates the intumescent
strips according to the British standards)
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Experimental sample Fire rated doors materials (researchsubject)

The fire rated materials are categorized to 3 categories: ( Dwg 2 ) Leaf, frame,
accessories these categories will be demonstrated as follows :

Door Leaf:
Door leaf consists of 3 layers of cheep board 18mm + 16 mm + 18 mm
thickness compressed with a total dimensions of 122 * 2400 * 5 cm & a density of

650 kg/m3.

Door Frame: -

Different materials may be used in the frame of the door but we will use in
the research the hard wood frame with a dimensions of 14*4.5*214 cm & a
density of 550 kg/m3 according to British codes — BS476 Part 22

Doors accessories splits into two parts

c- Intumescent strips with a dimensions of 4 * 11 mm fixed to a groove on
the edges of door leaf it helps to prevent fumes & flames leakage from
spaces between door & frame (figure 3)

d- Other accessories as hinges door locks automatic door closer or any other
as specified are fixed inside special gasket to prevent leakage of fumes &
flames from the offcuts for that accessories.

Door leaf manufacturing steps:-

- Calibrating:- in this step the 3 sheets are calibrated to get the targeted
thickness , this step is completed though sanding machine.

- Door pressing :- in this step the 3 sheets of sheep board are
compressed together in the hydrolytic press using urea formaldehyde
as an adhesive this step takes 20 min.

- Lipping :- in this step the door gets its hard wood lipping with a
thickness of 1 cm through automatic edge banding machine.

- Veneer pressing :- the required veneer is pressed upon the door using
urea formaldehyde glue.
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Drawing — 2 drawings illustrates the desigen of the fire rated door




Testing Stage:-

The sample door is fixed in the test area in the housing & building national
center laboratory according to the following codes :-

(ASTM E119)

( ASTM E 2074-00)*

(NFPA 80)

(NFPA 252)

(UBC —7-2)

(UL 9)

( ULC STANDARD CAN4 — S104)

The testing procedures for the door research point as the following report of the
housing & building national center laboratory as follows :-

! Nat. Bur. Stand. (U.S.), prod. Stand. 51 — 71, 18 pages ( January 1972)
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Report of the housing & building national research center
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INTRODUCTION

The test samples identification is as provided by the cliznt. Building
Physics Institute (BPI) accepis no responsbility. for any inaccuracies
therein. BP! did not select the test sumples und has not verifed the
composition, manufacturing lechniques or quality assurance mocedures.

The perfimmance of wills, columns, floors, and other building mambers
under fire exposure conditions is an item of major impertance in seeuring
constructions that are safe, and that are not a menace Lo neighhoring
structures or to the public. Recognition of this is registered in the codes of
many authorities, municipal and other, 1t is Important o secure balance of
the many unils in a single building, and of buildings of like charscter and
usc in a comumunity; and also m promaote unilfomity in requitenients of
vatious authorities throughout the country. To do Lhis it is necessary that
the fire-resistive properties of materials and assembliss be measured and
spizeified according to a common standard expresscd in terms that are
applizable alike g wide varnety of materials, situations, and conditons
of exposurs, ’

Such a standard is found in the methods Lhar follow, They preseribe &
standard exposing fire of controlled cxtent and severity, Performance iy
delined as the perdod of resistance to standard exposure elapsing hetore
the first critical paint in behavior is observad. Results are reported in
units i which ficld exposures can be Judged and expressed,

The methods may be cited as rthe “Siandard Fipe Tests,” and the
perfommance ar exposure shall he expressed ws "2-h, 6-h, 1/2-0 ete”

When a factor of safety exceeding that inherent in the lest conditions is
desired, a proportional increase should he made in the specificd time-
classification perod.

The ASTM El1% test procedure i identical o
following standard rest incthods-

LDEPA Hotel [ntegiors.
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FAX (12} 3551969
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ASTM L1119 Methods for Five Tests of Building Construction a:y
Materials,

ASTM E2074-00 Methods of Fire Tests of Daar Assemhblizs
E20112-0F Methods for Fire Tests of Window Aszamblics

B. Mational Fira Prowection Azsociation (NTPAY ;

B

MEPMA B Fire Doors and Windews.

NFPA 251 Fire Tesls of Buidlding Construction and Marerials.
NFT'A 232 Fire Tasts of Door Assomblies.

NEPA 257 Fire Tests of Window Assembliss

C. Uniform Building Costs (URC):

- UBC-7.0: Methods for Fire Tests of Building Construction
Materais. "
Lo LBC 220 Methods for Uice Tests of Door Assemblies

3. UBC-7-4: Methods lir Fire Tests of Window Assemblies E
D. Underwriters Laboratories, Ine. (L) [
1. UL %; Fire Tests of Door Assemblizs, |
2. UL 10C; Fire Tests of Window Assembliss. I
3. UL 263: Fire Tests of Building Construction and Materials. H
E. Stamdard Counzil of Canada: r
I ULC Srandard CAN4-5100: Fire Tests of Building Consorustion and il
Marerials. |
2. LLC Standard CAN4-S104: Fire Tests of Door Azsemblies, !
3. ULC Standard CANA-S106: Fire Tests of Window Assemblics, |
l. Scope
|| These methads are applicable w sseemblics of masory uils and to !
composite assemblies of souctural meterials for I:u..1|dlnrrf. including 1'

beaviog and other walls and parLitions, golur 'II'|b zirders, beam:, slahs,
and compasite slab and heam assemblics for Noers and roeds.-They are

alao applicable 1o other asscmiliss and slruerora) unjs Tthe et
g : g
permanent integral parts of a finished building, e e
i ke |
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> b atl
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1.2 It is the intent that classificationg shall register purformance during
the period of exposure and shail not he construed ss having determined
suitability for use after fire exposure.

1.3 This standard shoulil be used to measure and desenhe the propeclies
of malerials, products, or assembliey in response bo hoat and (ame ander
cantrolled fzboratory conditions and should net be used fe describe or
appraise the fire hazard or fire sk of materials, products, or zssemhlios
under actual fire concditions. Howewver, results of this rest may be wsed ag
elemants of a fire risk assessment which takes inta acecourt all of tre
fuctors which are pertinent to an assessment of the fire huzard of a
particular end use,

MNute 1 - A method of fine ieeand classiSea oo bizsed on rale af tame spread i o
ASTHM Methnd F22 Teat for Syrface Burning Charasterstios ol Buildivg Materisls,

|4 The results of these tests are one factor in assessing fire performance
of building construction and assemblics. These methods prescribe 2
standard  fire exposure for compering the performance of building
comstruction essemblics, Application of these test results to predict the
performance of actual building construetion requires eareful evaluation of
test conditiuns,

2. Sienilicance

2.1 This standard is intended to evalugte the duration for which e rypes
of sssemblies will contain a fire, ar retain their structursl Integrity or
exhibit hoth propertics dependent upon the type of asscmbly imvalved
during a predetermined test exposire.

2.2 The test exposas g specimen woa slandard fre exposure contralled (o
achieve specified temperatures throughowt a specitied time period. In
some instance, the exposure, however, may nal he reprezentative of all
fire conditions which may vary with changes in the amoun. nature and
distribution - of  fire loading,  wventilation, compartinent  size and
cenliguration, and heat sink characteristics of the compartment, [ doees,
however, provide a relative messure of fGre perfo of comparanie
essemblies under these specified fire eXDusie '”'%;[-\‘r:,«'\".-'a:-i.ii"nl:
e
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fram the construstion or conditions {Lhat is, size, methed of assembly, and
marerzlel that ure tested may substantally change the performance
charzereristics of the assembly.

2.3 The tesr standerd provides for the following;

231 In Doors, Windows, walls, partitions and flocr or roof asseniljes:
2311 Meazsurement of the transmission of heal

43512 Measurement of the lransmission of hot gdscs Lrough the

assemaly, sufficient to ignite cotlon waste,

2.4 The test slandend does not provide the Leilovar i

241 Full imformartion a5 to performance of assemblies constucted with
eompananis o lengths other than thoze tesred.

2.4.2 bvaluation of the degree by which the asscmbily cortributes o the

firc hazard by generation of smoke, toxic gases. or ather producks of

combustion.

2.4.3 Measurement of the degree of coatral o limitation of fhe passage of

smoke or produes of combustion theough the assamily,

Z.44 Simulation of the [ire hehaviny of joints berween building élements
such as flooewall or wall-wall, e, comnecliong '

2.4,5 Measurement of lume spread over surfice of tested slement,

240 The effect of fire endurance of conventipnal upenings o the
assembly that is elecincal receptacle ouitlets, plurnbing pipe, ere, unless
specifically provided for in the construction tested

IEST PROCEDURE

The tested sample was prepared with specificd dimensions and sice
Lo comply with those of the firnace chamher

= Threee thermovouples of tvpe T lcopper- constantan) were faed on
the unexposed surface of the door leal They had been used
record the average temperamire of the unesposed face,

- Nine thermoceuples of e K (chromel-zlumel) were fxad inside
the furnace, They had heer usad to recopd the average werperature
af the furnace S

IIEPA Hetel Tntorio -
el MY INZATIZ N 4555855
FaX - {02y 53351504
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— The fumace lemperature was controlied 1o achizve specified
tetperaturss -through out o specitied time period according
requiremments of ASTM E-119, i

= Measared retnperatures of tie urex posed surlice wers recorded
penodically at intervals not exceeding 3 minues. The dverage
emparature was caleulaied,

- The tested sample was located jn il Place to zet ax the front side of

the farnace. A suilable mechanism must used to easure tight and
saft fixation of tested samnple.

= The test slopped when the average temperatwe of the unexposes
surtace reached |40°C above the ambient temperatiig oo oany
sudden eracks kad been appeared, and the resulls Wele TPl

= The DEPA hotel interiors doar assembly (T and (11 had heer
tested o ackieve 20 and 43 minutes fire rated respootively as
requested by the customer,

Conditions of Accepta nee

Regard the test as successfal when the tellowing condilions are met:
I The tested sample has withstood the fire endurance tesr withour

passage of Mame or wases hot enough to ignitc cotton wasle, for g
period equat to that fr which classificatian is desired,

2. Transmission of heat through the tested sample during the fire
endurance test shall not have been such as 0 raize the average
"Rlrperature: o its unexposed surface nwre than (140° L above its
mirial temperatore,

3. Where the conditions of aceplance place o limitation on che rise af

temperalure of U unexposed surface, the temperaiore end point of
the fire endurznce period shall he determined by the svernpe of the
mezsuremeants ken 8t individuzl points: gxeept that if & lemperature
rise of 30% [(T8D°( above initial lemperature] in excess of the
specified [imit occurs at any ong of these points, the remainder sha!l
be: ignored and the lirs endurange period jud

DEPa Hale! Interiers.
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TEST RESULTS AND QBSERVATIONS

Drowr leaf (1):

The tested sample was placed in front of the test fumace on June
29 2003, The door assembly idertification is ns provided by e
clien. The construction and dimenstons 1 details ot the lested
sample was shown in figure (1),

The dimension of the door leaf is 920=2102= 50 nun

|
—  Figure (2, 3} shows the photos of the both sides of the tested il
sample belore the test. !

]

The door leat delivered to the laboratory for lesting without seme §

of accessories such as the door closer and sel ol the door lock. f

—  The coor claser and s2t of the door lock positions are filled with I
the door cdre material.

i

Bad instaliation was observed doe fo: I

e [gh clearance between the door leat and door frame

= Logse fixation of the uopper side hinged, leads te soft
Lammering of the door leal o it it in the frame,

grapr e e

*  Wrapping of the door leal

The smoke was ohserved at the clearance between the upper edge

of the door leaf with the frame, and also near the upper side =
hinged as shown in figure (4), Henceo a3 conotnuous sk
seneration way ohscrved allover the test perad.
— Burning of the upper Jeaf edpe was ohserved near the end of the ?
lest without eny passage of flame. Il
—  Tigore (5 shows the temperature measurements taken 2t individuzl
noicts of the unexposed surface during the test, Fipuse (6] shows
minimuet,  moximum  oend  the  average  femperzture ol the
unexposed sutace. |

DEI'A Hasel Interiors | G0 Z0E

Tel : (07) JA56TIL4 3158353 N A0 RO T
DA @ (31 3551 a5 A FHEERRT B Skl Cairn, Duype
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Figure {71 shows the standard Lims — lemperamere curve, Lie wolugl
furmace lemperature and  rthe average lemperature of the
unexposed sorface.

- Adter 22 mimates the teat was ended due to appearasce of cracks as
shown in figure (8], althouzh the unexposed surface tempersiucs
was not excesds the Limits mentionsd tn the conditions of
aocepLanc:

—  Figures (9, 10} show the photos of the tested samale aller the rest,

Doy Teaf (111

== Th-: tested sample was placed in front of the lest fumace an July

13, 2008, 1 he dowr assembly identification is as provided by Lhe

chienit. The construction and dimensions in details ol the cested
sample was shown in Ggare 11).

The dimension of the denr lealis B34= 2 107 <30 i,
—  Figure (12} shows the photo of the ested sanple before the tes:

The doar leaf delivered 1o the laboratory for lesting with door wock
set and without door closer. The door cluser position is Bllec with
Ihe Soor core material,

Atter 30 minutes of slarling the test, Burning of the upper leaf adre
and from the door lock set was observed withaut an y passage of
Name g shown in Geore (13),

— Figure (14) shows the rempersture measuremenls laken  al
individual puints of the unexposed surface during the rest. Fipure
(13) shows minimum, maximun aod the average temperalure of
the pnexposed surface,

— Figura (16) shows the standard tme — temperanice curve, the actual
farnace  lemperature  and  the  average  ternperature of e
unexpossd surlace.

—  After 3F minutes l:I'-u: tess wias caded due 1o EL'IJFI'_,JFBI'E.“ a’ flarme
fronn Lhe upper edpe of the door as shows |_LL'|__£J1= $17% althougk:

LCRA HD[\J Inzeris, -,:' ':*‘1‘< '-.. ﬁ?;'a Lot

_,,..-“

S =i f {?Jp.n 50y 177
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Lhe unexpased gurlice lwemparature was 0o’ excesds the i

mentioned in the conditions of soceptance

sample afer the lest.

CONCLUSION

Figwre (1#) show the photo of the exposed surtzce of the Lested

Pt;upcrl;f Resuit Hemark I
; ) |
Firc rating of dooe (1) 22 minutes

Fire raring ol door (I 35 minures
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Figure (12): The photo of the unexposed sutrface of the door (11) 2 assembhy
be Fore tha Ln:st

Figurs (13): The photo of the unexposcd surface ui"llu_/é[’;irf ri -~
assembly doring the test ,_:i*
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Results: -

1- Success of the fire rated test with a period of 35 minutes which exceeds
the requested time by 5 minutes.

2- The availability of using local recycled materials in manufacturing fire rated
wooden doors.

3- Reduces the usage of foreign currency used in exporting that kinds of

products.
Comparisonfield Research door British door
Wood type Cheep board Halspan sheet
Wood density 650 kg/m3 620 kag/ m3
Dimensions 122* 244 cm 240 * 110 cm
Fire rate time 35 min 30 min
Core cost 420 EGP 900 EGP
Frame wood Solid wood Solid wood
Framedensity 550 kg/m3 550 kg/m3
Accessories used | According British codes | According British codes
Testing codes (ASTM E119) BS 476 PART 22 (1987)
(ASTM E 2074-00)
(NFPA 80)
( NFPA 252)
(UBC - 7-2)
(UL 9)
(ULC STANDARD CAN4 —
S104)

Table 1 illustrates the results of the fire test for the sample door & the door
according the British standards

Recommendations: -
- Using locally manufactured fire rated doors.

- Egyptian labs should be acknowledged from the local authorities to certify
fire rated doors.
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