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Absiract

Today's our life is full of fire risks, Which encouraged all
interesting persons in this field to think of ways of minimizing in our
country investment in this field like other manufacturers in other
countries and according to then, those doors are carefully designed to
pravide the appropriate level of fire resistance in the most cost effective

light quality package possible.

The lack of testing furnace in the filed of the corresponding
organization, (Palestinian Standard Institution); which is responsible for
giving the approval certificate for such product and the light cost of
tasting these products in foreign tountries, make it necessary and
benefit to design and build a furnace to help us and the interesting
persons in performing an extensive fire resistance testing and
engineering analyses to show whether those doors are able to perform

as claimed or not.

In this project a comprehensive and detailed analysis and
discussion of fire resisting doors, testing methods, design and building af
the testing devices and furnace in accordance with the national and
other international standard, in regards with those products Iis

performed and presented.
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INTRODUCTION




INTRODUCTION

1.1 General Introduction

The concepr of keeping the vecupanis of some domestic and most
commercial buildings safe in case of fire relies upon separting whole buildings( int
smaller compartment , there by keeping the fire in the compartments) where it starts,

and or creating sufe , fire pratecied routes 1o aid escape .

This is done by making the walls, ceiling, doors ect, of the compartment
ar escape route * fire resisting . Of course, as people go about their dayv-to-day
business they will wanl puss from compariment to the other, hence the need far fire
dours, It is obvious thal, [or lire safety to be maintained, these door sets must huve
the same [ire resistance as the rest of the compartment or reguirements for the door
sets will he stated in the appropriate national building reculations and other
regulations or requirements in this regards that mav be found in the Palestinian

stendards

Today, any ane can casily notice the increase demand of installing Lhe fire
Faled ( fire resisting ) doors in both the private and public establishments especially
hospitals, schools. office buildings ect This demand make same interested people in

the industrial section 1o think in manufacturing such a product ,

Super Nimer Industry and Investment Company is the first and the leading

Factary in our eouniry in this field, this factory which was established since in miany

vears fried to develop and innovate its produsts using todav's technology and was




succeeded in producing a different type and models ol doors from aniong is the fire

rated doors,

For this and other finns producing such a produce, and in order tn pet the
authorized (supervision or quality) certificaie from the Palestinian standard
institution, they need to build 4 lurmace. to test their products. At there i35 no such
possibilities available in our country, they used to send their products to foreizn
eountries for lesting which costs them too much (10 o 15 thousands of dollars Tor

cach test in o rete of at least ww limes per year ).

The geal ef this project is to identity the needed capabilitics, design and
build of a special furnace to be used in testing the fire rated doors in comparatively
ecenomic and efficient way in compliance with the inlcrnational standards, The

major contributions and studies made in sach chapler cab be:

The introduction to fire restricting duor sets. structure and component of
the fire rated door, ironmengery, in tumeseent strips, glazing, und glossary of terms
thal may be encountered in assaciation with fire resisling doors are identified and

presented in chapter two.

[n the next chupier, the national and ether international standurds and :
regulations or requirements related to this topic will be explained and studied, Lhe ]
lest equipments and testing methods are also discussed. Theary and caleulations for
the design of the furmace, construction of furnace walls, ceiling, floor and the i
sefection of bumner capacity and fuel pe used in the furnace wre analyzed and

discussed in chanter four, '

The next chapter will diseuss the cost of building the furnace, testing cost
and the result obtained from the tests and the capability of gefting the supervision

certificate for the duor from Palestinian Smndard Lastitution

ﬁ



The appendices give the details of views of the Haetory and furnace and the

catulogues used for the seleetion of the burner,

1.2 Timetahle

Table 1.1: Time'lable

Correcting the tpiro duct an ﬁ
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FIRE RESTRICTING DOORESET

2.1 Introduction

As mentioned belore, the need for fire doors is 10 keep the fire in the zone or
the compartment where it starls and preventing it from spreading to the neighbor
compartment. Also. the smoke and hot gases are not allowed 1o pass to the neighbor
comipariments or escape routes for period of time Gl the civil defense reaches the

place.

2.3 Fire Resistance of Door set

The fire resistance of a door set is specificd in terms of minutes, normally
expressed 85 two scparate figures. One [ligwe is the tme for which, in a fire
resistance tast, the door set would hold hack the passage of flames and hot gascs
"integrity”, the other figure heing the time for which the door face thar is not exposad
Lo the fire would keep its temperature below a specified value " insulation”, Doors
are fire resistance tested by installing complete door sets ( doors and frames. capahle
of normal operation] into a wall {normally masonry partition) lorming are side of a
furnace chamber- The fumace is lit, and its temperature s carefully controlled to
comply with he requirements of the standard test method. The temperature reaches
around $50C 1n a half-hour test, and 950C {or about 4 times as a domestic oven) in a

one-hour tear,

The testing laboratory will issue a test report, with detsils of the door

construction lested and the test results. Theses duocuments are often reforred 1o as '

cerfificates’, when requested by building coatral or fire oflicers. Vire test raports
6




strictly only cover the exact specimens (samples) that were tested and it is, of course,
impractical to test all product that are to be sold. For this reason, as we will see in the
next chapier, the related standard introduce a "Certificate of Approval” within certain
limilations o fullv cover the complete range of doors from which the sample was

chosen,

2.4 The Fire Resisting Door set

The door set consist of the door leaf itself plus frame and all the ironmongery
essential for it to work normally (hinges, door closer and possibly a latch).

Figure 2.1

It is important to realize that a fire door leal on its own, no matier how well
made cannot be expected to provide its full fire resistance performance unless it is
properly installed. This will usually require it being hung on hinges that will provide
cnotigh support. that will not melt or transmit too much heat through the leaf, in a




frame. which is of the appropriate good quality, using the appropriate edge protection
to the leafin the form of in tumescent strips,

2.5 In tumescent Strip:

A strip of noncombustible material, which is installed (in a pre-groaved sleeve)
in the edge of a leaf or in a [rame reveal around a fire resisting door leaf, Strips are
not normally fitted to the botton edges of door leaves, When exposed to heat (from a
fire) the strip swells up( expands at least 10 times its initial thickness), sealing the
gaps around the leaf'to stop the passage of smoke and hot gases and helping to hald it
into the frame when the door closer and/ or latches have stopped functioning. There
arc various types of in tumesecent strips, each of which bas ils own characteristics
when it activates. Appendix 1 shows the specification of strip used in Super-Nimer
fire doors. These strips are normally an essential part of any fire door that is to

provide 20 minutes fire resistance or more.

2.6 Items of Ironmongery:

Hinges: should be made of metal with a melting point greater than 800C.
Figure( 2.2) Shows the size and type of hinge used in Super-Nimer doors.




Latches: having a square or rectangular case, fully enclosed in a mortice cut from the
edge of the door leaf, Latches hold a door closed. and may or may not be lockable,
Deadbolt: A locking mechanism, normally operated by a removable key, may be
similar in appearance and installation to knob sets or mortice latches.

Figure (2.3) Shows the type of Deadbolt usad in Super-Nimer door.

Figure 2.3
Glazing: Glazin apertures cut in fire doors will affect the behavior of those doors
when subjccted to a fire (Figure 2.4). As with any fire door, the positions and sizes of
these apertures must be within limits (Hal are appropriate to the door. The cast or

clear wired glass for use in fire doors must be a fire resisting type.

&




2.7 Fire Door Installation:

| The correct installation of fire doors and door sets is fundamental o the
overall performance they will achieve in the event of & fire and should only be

| carried out by competent and experienced professionals.
2.8 Fire Door Construction:

The fire door is constructed from a two galvanized steel sheets of 1.5 mm
thickness with a U or Z shaped supports of 1.5 mm thickness in between at 12¢m a
| part. The space between the two sheets is filled with a fire resisting rock wool; the
overall thickness of the door leal is 5 em. figure 2.5 shows a ¢ross section in the door
leaf,

The steel sheets are first cut and shaped aceording to the required sizz, then the
supports arc shaped and welded to one face from inside, then the rock wool is placed
in between the supports to fill the whole inside of the leal, then the other face is
welded to the supports. Although, width and height of the door leaf is fixed in

[0




accordance with the customer request, there are gencrally some standard sizes of the

doors specified in accordance with some regulations.

As not al] sizes and shapes are to be tested hefore being sold, all standards and
ragulations in this regard supgest that the munufacturer can produce a different size
of doors varies from the specimen (sample tested) size with 10— 15 % in width and

hcight as will be zeen in the next chapter.
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NORMS AND STANDARDS

3.1 Introduections

The ternational organization for standardization ( 150 ) is worldwide
federation which deals with the preparation of international standard regarding firc
behavior of building materials and building components. The Palestinian Standard
Institution ( PSI ) has prepared a relevant standards. For mors convenience soms of
the national and international standards relared to this subject are listed in the list of
references.

Ihose standards lay down definitions, requirements, test conditions and
methods relating ta fire protection technelogy for building components from among
of them is the fire doors. In this chapter the definitions. requiremants and iest
condilions and methods are brielly summarized and explained to give us an aid in the
design of cur furnace.

3.2 Definitions

For the purpose of this norm(P81 ). the following definitions apply,
Calibration test : Producer to assess the test condilion experimentally.
Deformation : Any change in dimension or shape of an element of construction due
to struetural and ‘or thermal actions. This includes deflection, exXpinsion or
contraction of elements .

Integrity : Ability of scparating element of building construction, when exposed to
fire on one side, to prevent the passage through it of flames and hot gaszs or the
occurrenee of [Tames on the unexposed side.

Insulation : Ability of separating element of building construction when exposed 1o
lire on one side, to restrict the temperature tise of unexposed face to below specified
level.

Neutral pressure plane : lilevation at which the pressure i3 equal inside the furnace

£5




Separating element : An element that is intended for use in maintaining separation
hetween fow adiacent areas of bullding in the event of afire.

Supporting construction : That construction that may be required for the testing of
somte building elements into which the test specimen is assembled. such as the wall
inte which a door is fitted.

Test specimen ; Flement or part of building construetion ( door ) provided for the
purpose of determining efther its fire resistance or its contribwtion to the fire
resistance of another building element.

National floor level : Assumed floor level relative to the position of the building

element in serviee.

3.3 Test equipment

Equipment employed in the conduct of the test consists essentially of the
followings ;-

A specially designed furnace to subject the test specimen 1o the test
conditions, control equipment o enable the temperature of the [urnace to be
regulaled. equipment to confrol and monitor the pressure of the hot gases within
fumace, cquipment for measuring temperatire in the furnace and on the unheated
face of the test specimen. cquipment for measuring the deformation of the test
specimen. and equipment for evaluating test specimen integrity and for establishing
complignee with the performance criteria ( described later ) and for establishing the

elapsed time

3.4 Furnace

Uhe test fumace shall be designed to employ Lguid or gaseous fuels [8]

and may bhe desipned 1o assemblies of more than one element can be tasied

L4




simultanenusly. The type of fuel 10 be in our desion is the LPG g£as since it is already

available in the factory,

The fummace linings shall consist of materials with densities less than 1060
kg/m’ [20]. Such lining materials shall have thickaess of 50 mm and <hall

constitule at least 70% of the internally exposed surface of the [irnace,
¥ expo

The furnace should be installed in laboratory of sufficient size Lo prevent
the ambient air temperature in the vicinity ol o separating element increasing by
more than 10 C° above the initial temperanme whilst the test specimen is complying
with the insulation criterion, The laboratory atmosphere shall be virtuallv drought —
free, The ambient air temperature shall be 20 110 C° at the commencament of the
test and it shall be monitored 4t 4 distance of 1.0 m + 0.5 m from the unexposed face
under conditions such that the sensor is not atfecred by thermal radiation from the

lest specimen and /for urnace.
3.5 Temperature

Prior to the commencement of the test, the furnace temperaturs shall be
fess than 30 C°, The commencement of the test shall he considered to be the moment
when the program to follow the standard heating curve has been initiated. The
elapsed time shall be measured from this point and a1l manval and automatic syslems
for measurement and obscrvation shall begin or be in operation at this time, and the

furnace shall be cantrolled to comply with the temperature conditions specificd later,

The average lemperature of the furnace shall be monitored and controlled

such that it follow the relation [ 6 1.
T'=345lag(Bt+1 =200 31
Where




T: is the average furnace Temperature.(CY),

L is the time . minutes).

A4 ——— |
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B |2n|:‘:’f |2
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Figur 3. 1 Stanbard ahinec Lemperatun e o vie

As tolerance, the percent deviation ¢ de ) in the aren of the curve of Lhe
average femperalure recorded by the specificd furnace thermocouples versus time

from the area of the stzndard time / temperature curve shall be within 8]

a)yde = 13% for <t =10

b} de < 10%; for 10 <t =3
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c)de=5% For t=30

.":E i '1 £
Ax

Where

tle = w [0S

de 1 is the % deviation.

A s the curve under curve up to time t;
As 1 is the area under the standard time / temperature ¢urve.

t risthe time, inminutes

All areas shall be completed by the same method. i.e. by the summation of arcas
al intervals not exceeding Imin for a) and Smin for b) , ¢) and d) and shall be

caleulated from time cere .

Al uny time after the first 10 min of tesy, the wemperature recorded by any
thermocouple in the furnace shall ner difier from the corresponding lemperaturs af the

standard time / temperalure curve by more than 100C,

3.6 Plate Thermomelers

The Plate Thermometers (PT) has a large exposed surface to make it more sensitive 1o
radiation than a standard thermosouple (17C). 1t placed in the furnace so that it
receives the same radiation as the specinian, The back is insulated from radioactive
influence from the specimen.




3.6 Plate Thermometers

The Plate Thermometers (PT) has a large exposed surface to make it more
sensitive 1o radiation than a standand thermocouple (T/C). I placed in the (umace so
that it receives the same radiation as the specimen. The buck is insulated from
radioactive influence from the specimen.

Figure3,2 Plate Thermometers place

The PT is very thin, only 0.7 mm, Therefare it responses nearly as quickly as 3
standard (T/C) to changes in furnace temperature. The time response is fast, thus the
temperature delay is negligible except readings during the first few minutes of g
standard 1SO 834-1 test,




Figure{2.3) Plate Thermometars

The PT is a simple and robust instrument. It can be used over and over again
like ordinary T/C's. A shielded T/C (type K) is carefully welded or squeezed by
mutual strips to a steel plate (see figure below), The plate thermometer is made of
Inconel 600 stainless steel, The front side facing into the furnace is treated to give it
an emissivity of about 0.8, The PT is mounted in the fumace with a supporting tube,
The T/C shall be replaced after 50 h testing aczording to IS0 834-1 [10}.

A mount with an internal thread may then be welded directly to the edge of the

plate. A piece of stainless steel tubing of desired length may be screwed into this
mount. The in-side diameter of the steel tube should be at least 6.5 mm.

19
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Figural3.4) Basic cesign

The PT is placed in the fimace near the specimen with the front-side facing the

interior of the fumace. Additional PT's are Lsed 10 measure variations of the thermal

impact along the surface of the specimen ,

3.7 Furnace pressure

The pressure in the furmace shall be measured by means of one of the

designs of sensors shown in the figure 3-2 (wh),




Kex

[} T'o pressure transduger
7) Open
3) atainless-zree] uba (imside diamerer 5 mnm ta 1mm)
'. -\_"‘—!-\_

JL

@} "1" shaped sensor
Key
LI Hales, of 3.0 mm dianieler
2 Holes, of 2.0 min diamater,
pacec 0" apart arenng the pipe e il
31 Welded end . -
1) Stainless- steel pips i =

b)Type 2 - Tube sensar

Figure (3.4) Pressure - sensing heads

A lincar pressure gradient exist over the height of furnace, and although the
gradient will vary slightly as a function of the furnace temperature, & mean vul ue of §

ba per meter height may be azssumed in assessing the lurnace pressure conditions,

The value of the furnace pressure ar specilied height shall be the nominal
mean value, disregarding fluetuations of Fressure associated wirh turbulence. cet, and
shall be established relative to the pressure outside the furmnace at the same height.
The furnace pressure shall be measured and recorded continuously or al intervals not
exceeding Smin at the conrrol point, and controlled for the first 3min from the
commencement of the tesl to +35 Pa and for 10min to + 3Pa . The furnace shall be
operated such that a pressure of zero eswahlished ai 4 height of 300mm above the
notional floor level. However the pressure at the lop of the est specimen shall nor be

greater than 20Pa, and the height of the neutral pressure plane shall be adjust

accordingly[ 15].




3.8 Furnace uxygen concentration

Fumace oxygen concentration should be measured in the furmace stack and
maintained at greater than 6% duting the test, Gas samples should he continuously
drawn out of the duct through a sampling line and measured USiNg & paramagnetic
Lype oxygen analyzer. The recommended sampling probe should be similar to the
sampling probe used in duet measurements of hood celorimeters. Arrange of oxygen
levels may exist during the course of compartment fre this may vary from zero to
several percent in the upper portions of a compartment during & (ul lv-developed
fires. [rom a fire resistance perspective. One of the implications of the presence ol
oxygen is that allows chare oxidization to accur which present in taster dearadation
ol material. This has been noted a furnace testing, it is alsa desirable to have excess
oxygen within the furnaee o allow combustible test articles to bum as they could in

compartment firesp[9].

It is recommended that the oxygen concentration o during the test be above 6%
during the fumnace test, This was develuped best on oxyeen concentration
requirements in other fire resistance test standurds as well as oxvaen concentration
measured in the upper-layer of [ully-developed fircs, The fire resistence standards
1503 834-1 requires that minimum oxygen concentration of 4% be maintained within

the test fumace during the course of the fire test[9].

3.9 Furnace Velocity Distribution

While it is important Lo erute realistic conveetive eavironment in the fimace, it
is diflicult to conduct meaningful velopeity measurements in the fumace where the
flow is expected to be complex, no velocity measurements recommended inside the

flirmace.




3.9 Gas temperature measurements

Specimen should be measured ysing aspirated thermocouples. (ias temperature
should be measured at each location whers a twmperature profile is being measured.
Aspirated thermocouples should be placed as close us possible lo the test article
surface,

Heat-transler analvses of the asscmbles may require the use of the gus
temperawire on both sides of the test article. Depending on the anxlysis, 2as
lwmperature may be nceded 1 caleulare the appropriates heat-transfer coefficient and

may be used in defining the boundary condition,

Gas temperature should bé measured as close as possible to the boundary
surlace to obtain & measure of the lemperature atfecting the convective heat-transfer
it the surface. sing aspirated Thermocouples with high aspiration velocity provides
d measure of the actual case temperamire without the efTscts of radiation from the
surroinding. This pas temperature measurements well e used Lo support hear-

transfer calenlations but will net be used to control furnace conditions.

3.11Furnace Lining Material

All interior lurnace surfaces should be lined with a ceramic fiber matesal.

Fire resistance furnaces have traditionally been lined with high temperature
refractory brick materials commonly used in commereial furnaces. These refractory
brieks are a low-density marerial {approximately 30 [bs/ft3 (773 kg/m?3) and have &
maximum uperating temperature of approximately 2600°F (14257C). When used i a
fire resistance furnace, the refractory brick has 2 high thermal inertia, relative o the

fire exposure periad (typically | to 2 hours)[9],
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This thermal inertin results in the relraclory hrick absorhing sipnificant
amounts of heat during the initial portions of the rest (first 13 minules). producing a

dominantly convective heat environment within the test furnace,

| he furnace eovironment within the furnace transitions {o a highly radioactive

environment once the hrick temperalure equalizes wilh the fumace aiv temperature,

Toe minimize the heating time of the furnace apparatus, thus resulling in less
heat loss/absorption to the furnace walls. lining the inside surfaces of the furnace
with a ceramic hber insulating material s recommended. FExperimental smidies
reported by Harada et al, (1997) demonstrated that a key aspeet of the Turnace
environment was the absorption coefficient of the {umace gas, which is a funerion of

gas lemperature and he composition of the fumace gas[9],

Tests conducted in n fumace lined with a ceramic fiber insulation matarial
demonstraled small varigtion in measured lest specimen temperatures i a function of
firnace depth, with variations decreasing as the furnace depth inereases. A similar
trend was observed in furnaces lined with refractory brick, however, the temperature
measurament variations increased for the similar exposure conditions. These tests
demonstrate the ability of the ceramic fiber to heat up faster. resulting in a more
uniform exposure temperature, and the development of a radiation dominant furnnee

Enviramment.

Analysis conducted by Babrauskas and Williamson (1978) support the use of
ceramic fiber insulation materials used as the limng materials on developing 2 more

unifimm het Mux within the test furnace which results in improved furnace

control| 4.




3.12 Minimum furnace depth

Studies conducted by Hurada ¢t al. (1997) and Fromy and Cut at (1999
mnvestigated the cffeer of fumace depth on the furnace environment. The work by
Harada et al. (1997) evaluated [urnaee depthof 0.6 f,(0.17 m), L6 R (05 m), 3 1t
(0.95 m). and 2.8 [1 (3.0 m)[9].

The resulis ol the tests indicated that 23 the furnace depth increased, the
radicactive heat increased proportionally.
Fumace depth slightly greater than 4 it (1.2 m) showed a convergence in the
predictzd specimen Surface temperatures the non-dimensional fumace depth
parameter. relates the furnace environment with the furnace depth. As depth

increases, the exposad face specimen temperature umlormity converges.

Fromy and curtat (1999) reported the resulls of testing conducted in [urnaces
having depth of 2 (L (0.6 m). 4 £ (1.2 m), and 5 ft (1.5 m). As the depth of furnace
ncreased, variations in the exposed surface temperature decreased. T'hese resulls
indicated that as the depth of the furnsce increased, the furnace envirenment
volume become more uniform, and local effeet from the burners and re-radiation

from the furnace walls decreased[9].

By increasing the non-dimensional furnace depth factor, 2 more uniform
turnace environment can be produeed. The studies reported above indicate that
minimum furnace depth of 4 ft (1.2 m) would be expected o produce & uniform
furnace environment which will reduce unceraintics and varinbility in the rest

conduct relaled o furnace construction
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3.11 Secondary Air Capability

when necessary. & means for providing secondary air should be provided such

that the minimum oxygen content within a fumace is not less than 6%,

Maintzining & minimum oxvgen conceniration within the test furnace is desired
Lo produce condition that could be obtained in compartment fire o support the
combusiion and char oxidation of combustible test samples such as wood A
minimum oxygen conceniration of 6% was determined o bhe ressonable. A
secondary air flow path into the fumace may be required to muintain the oxvegen
level, especially in case where the test article is combustible. Sufficient oxveen

depletion due 10 burning test article[9].

3.12 Exhaust control

A mean for controlling the internal furnace pressure ( e.p., damper in exhaust

stack ) should be provided.

Fully-developed fires will always produce a positive pressure gradient
across cellings and majority of the boundary height relative to ambient conditions. In
these areas of positive pressure, hot gases are driven through small opening thar
develop in the assembly causing damage to the internal portions of the assembly. Gaor
gas migration through the assembly may alse give rise to ignition on the uhexposed
Side of the assembly in these local areas ol weakness. As a result, it is recommended
that furnace tests be performed with a positive furnace pressure so that the effects nf

hot gas transmission through the assembly can be observed.

I'urnaces should contain & means tor controlling the pressure inside furnace

during the test. As deseribed in the above, a positive [urnace pressure ( relative 1o the
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laboratory) will be maintined acrpss the entire test article in both wvertical and
] horizontal tests. In vertical tests, the neutal plane in the furnace needs W be
matntained at the bottom of the test article to have the entire test article at positive
pressure. There should be no limil on the pressure al the lop of the test article; fora
2.4-m (8-f1) high-test article the pressure ar the top will be approxumately 18-22 Pa
depending an the gas temperature, In the horizontal tests, the fumnace should he
maintained al 20 Pa during the entire test. The damper system should be designed

and demonstraled Lo be the capable of meeting these requirements, with some lcad

way 1o account for leakage theow the assembly[%]




CHAPTER FOUR

LOAD CALCULATION




| 4.1 Furnace Dimensions and Design Conditions

The furnace shall be capable of subjecting vne side of the specimen (doar)
to the heating conditions specified in 150 834, and the furnace temperatures shall
measured with respect fo the specimen and controlled within the tolerances specified

150 834, The complete assembly to be rested shall be full site,

Lhe maximum dimensions of the fire-ruted door produced Super Dimmer and
lo be rested is 2 = 2.1m for a single leaf {(wing). So in order to reduce the cost of
building the furnace and to be able (o accommeodate this door in the furnace wall. the
suggested furnace dimensions with the a agreement of the Palestine Standard

Instiiution, were chosen to be (1.2 = 2.5 « 2)m ( see lig 4.1)
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Figure 4.1 fumece diminution




4.2 Furnace Conditions:

The test shall be performed on a complete door assembly as intruded to be used
in practice incorporating all hardware and other cquipment . Hardware includes such
items hinges. late lies , door handles. locks. kevhales, letter plates, shiding vear,
closing devices, electrical wiring and any other items which may influence the
performance of the door being tested. The duor shall be tested in o wall of the type in
which it i intended lo be used, particularly when it forms part of a prefabricated or
industrialized system, Wlhen this cannol he specified, the wall may be of concrete or
brick having a thickness of | Ref no) (IS0 3008-1976 (F))

- about 100mm for a test having an anvcipated duration of 2h or less

- about 200mm lor tests of longer aluration,

For the case four furnace in this project, the walls, flocr, and ceiling

compesitions amd thickness selecred o be as follows.

4.2.1- Furnuce Ceiling

Figure 4.1 show a scetion in the ceiling. The compusite materials with their

thermal properties and the caleulated overall heal lransfer cosfficient (L) are listed in
Table (4.1)




| Tabl2 4.1: Overall heat transfer coefficient for the ceiling

Material K(Wm."C) AX ()
Ourside air film -- --
I-Ttong Block 0.453 0,05
2ok wool fod .S
A-Fire brick 0).47 (.05

Inside air film

R(m?, /W)

10
0.105
[ /25
0 106
0.02

=46 (W/ 220

4.2.2- Furnace Floor

Fipure (4, 2) shows a section in the flcor. The floor composite materials with
their thermal property and the calculaled overall heat ransfer coefticient (11) are
listed in Tanle{ 4.2 .

1

_ >

l Figura 4.2: Constiruction of the fioor

Tahle £.2: Overall heat transler coellicient for the {Teor
|

Material KAW/im."C) AX(m) Bim*."C /W)
(hnside @i Glm - -- s
[-Faok wool 0.04 003 125
2-Fire brick .47 Las 0. 106
Inside air tilm - -- .15

U=65(W/ m2. °C)

—



4.2.3- Furnace Walls

Figure (4.3) shows 2 section in the wall. the construction of the wall WAS
chosen (rom fire bricks and insulating material of Rock wool With their thermal

properties and caleulated overall heat transfer coefficient are as shown in Table (4.3),

Figure 4.3: Construction of walls,

| Table 1.6: Overall heat uansfer coelTicient for the wall

Material K(Wim, () AX(m) R{m* °C /W)
Quitside air film 1 -- (.06
1-Fire brick 0.47 0,05 0.106
Z2-Rook wopl (1.04 0.L5 125
3-Fire brick 0.47 (.0Qs 0,106

Inside air film -- -- 03]

[=304W/ ")




4.4.4- U-value for the door

The door is manufactured from two layers of galvanized steel sheats of 1.5mm
‘hickness with 4.7mm thickness of Rock woel in belween (fig 44) Table{ 4.4)

shows the thermal properties and the calculated U-value of the door.

Figure 4.4: Construction of door

Luble &.4: Overall heut transfer cocfficient for the door

Material ICOWim."C) AX(m) Rim? °C /W)
Outside air film - - 0.06

1-5Stecl 45 g.0015 000005
2-Rook wanl .04 0.047 1175

3-Sizel 43 0.0015 000003

Inside air film = -- 0,31

i U= T140W m3%C R




4.3 Heat loss caleulation

In arder to decide on the capacity of burners hat will be used 1o provide and
achicve the standard temperature-lime curve complying with the International

slandard requirements; the olal heat loss from the farnace is to be caleulaed.

In addition to the sensible heating of air within the furnace. the three usial
convention conduction and eyuations modes of heat transfer will meke the major

contribution 1o thix load,

4.3.1 Convection and conduction heat loss

The amount of heat loss through cach partition of the furnace { walls. eeiling,
door and loor ) due 1o the effect of conviction and conduction will be caleulated

according the equation :

Q=UAAT.... ERES (- )|
Where:
Qe heal loss through partision (W)

i i¥
U : overall heat transfer coefficient {——|
moc

A : surface arca for gach partition | m?)

T : Temp. difference across rhe partition{ C%)

The overall heat wansfer coefficient 11, for each partition iz ealeulated
according to the following rudiation {listed in the previous tables for the different

pariitions| -




J'i'fr-'.
=0 R TR e I
he ki ki
Where

Run ; the total thermal resistanes of the pattition(m” “eiw)
AXi @ thickness of laver (m).

ki :thermal conductivity of composite material ( w / me )
hi : inside connection film coefficient (w ™)

ha: outside connection film coefficient (w / me ")

A simple calculation of the conducled heat loss throw one of the walls is shown

below:-

3 TSRS U O 4.5

15w : was caleulated using eguation (4.2) as -

f.f'—L...‘ ............................................... A4.2)
Rf.'l

= RO ke S e
- ﬁ.:' i JIll'

Where Ri= 10(we */ w) .
Re= 2 (we % im) .
Ax for each composite layer is shown mn Table (4.1)

So

005 005 0.05
=14 ¥ =3 =i
047 004 047

R, =2.182(wime")

Lad
1




B S ~ 0460w/ m ")
2.182

Ay = width * length =2.64m’
AT=-T.-T,

where

T, = inside wemperature, the temperature of the furnace which 15 a function of time:-
T, = 345log,, (R +1)

T, = outside temperature, the lemperature of the surrounding of the furnace which
taken to be the temperature of the ream in which the fumace i= located and taken Lo
be 2007,

I'hetefore,
o =1.2[345 log ., (81 +1) + 20]

The heat loss due w convection and conduction lrom the other walls and
partitions { ceiling, Neor, door jare calculated in a similar way and the total heat load

throw the all partitions of the [urnace will be :-

0. = 12.104[345 log,, (8¢ - 1)+ 20]




4.3.2 Radiation heat loss.

The radiation heat loss calcularion is very complex it is depends on many
variables and 1t differs es the depth of furnace increased. using the direct radiation
equations heat loss will be estimated as:-

Qrad= ASCEBH(TI-T1') crmommrnoen (4 4)
Where

A: The serves arca {m®),

< Lmissivity of the surface (dimensionles)

b: Stelan Doltzmann constant (W/ n3K*)

T: Temperate (K)

For A=23 m?

=74

B=5.669%10"

Ti= (345 logl OBt 1#H273 K
T2=20K

Qrad=96.5*107((343logu(8t+1)+273)"-(293)"))

The total heat losses due o radiation depend on time as the equation describes

the taral load by radiation




4.3.3 Sensible Heat

It is the amount of heat that 18 reguired by the burper to rise the
temperatiure of the air that 15 i the space of the fumuce, becise L 1s not easy o
imed the mass of ar, and at this low pressurd and high wmperatures the staie of
wleal mas 15 assumed for the air in the furnace and can be estimatad as ¢
(580 = MUEPIAT: ossmsmassas i)

Where :-

().« Amount of sensible heat [Xj],

m : Mass of the air [ke].

Ch s Speailic heatl of air 4l constant pressure | &7/ Amedh® | .

AT : Temperature rise of air from 293K tol 223K,

Since the Mass al the air that §s in the Turmnace  we can caleulate it by the

relarion

M= PV ereerianss o, M b (4.6}
where.

i the density of the air (Kg/m3)

vithe volume of the furmacelmi)

according. to ep it chanze according to temperature change from 1.004(

kifKmolk) atTiegu 793K101. 1521 kj/kmelkatl equl 223K

aecordmg W sensibic heat il change gecording Lo lime sinee the temperature

depend on time socthe ideal pas equation.

(Y]
=




Where

Ii: The pressure in the furnace 107 pa
P2: The pressure in the furnace 3 107 pa
v The vohume of the furnace(m3 )
M:Mass of the air (Ku/s)

R: Constant eg 8.314(Nms/ KmolK

T: Temperatute rise of air [k]|

The Sensible heat load can be calculation by usad the tooling eguation.

Qeen=ma*Cr¥Ta=mi*Coi¥ T v &)

Qszen= Cr*Pr* VIR - CmtPONIR i i d 4.6
Qzen=.11* 107 kj

The period time lor testing is 1.3 a hour and the load in Watt is 122kw,

The lollowing equation describe the total load. as function of time the figure
below (fig 4.4)represent this graphically. and from this graph or equitation. and after
choosing the lesting time required the capacity ol burners can be determined. The

lesting time depends on maximum fire-rated peried require by the product.

(% = 1232354 0g (8 +13)+(23x0,78x 5,669 107} (345log, (8 + 1)+ 279 -(2987))+122
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In Super Nemer was taken to be 1.5 hour, The calculation and selection of

burner is pressed 6 burners are selected to give the amount of heat.

QEW)
4000000 =

3580000 —_

000000 -

3500000 < !

20100000 /

o — haal{w
1500000 A i

o |
10000300 / -
00000

| 13 25 37 49 61 T3 95 97 109 121 133 145 157 168
509000 == | !

1 (ot}

Figure (4.4 ) The relation between( Q&t)

4.4 Type of Burner

Pra-mixed burners should be used in all fire resistance furnaces.

Twa basic types of burners are currently used in existing fire resistance test
furnaces: premixed burners and diffusion burners. Control of the furnace temperature
using diffusion burners typically invelving adjusting the raw gas flow into the
furnace to maintain the required temperature level, With this tvpe of burner set-up,
openings into the test specimen may require flowing additional raw gas into the
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fupace to mantain the furnace temperature. This can result in incomplete
comhustion within the test furnace. The installation of the "bumers” in the test
furnace requires carcful placement as these Buriers Lypically produce a large [Hame
plume, which depending on the relative location of the lest sample W the burmners,

may result in undesirable localized heating effects.

Pre-mixed burners carefully control the amount of fuel and combustion air
injected into the burner and into the test furnace resulting in a very uniform fame
shape and heating capability. This resull in a bumer flame, which is casily
controllable, and with combustion that 13 more complete, The air-gas mixture can be
adjusted 1o suil & range of lurnace conditions, providing operational flexibility nol
svailable with diffusion bumers. These burners also produce high gas velocities
inside the furnace, witch is desired to produce an environment similar to that of a
fulty-developed compartment fires, and [rom Eco I'lam catalogue in appendix 7 we

selected he burner which have S00KW capacity (ML LTCATOR4S).

4.5 Burner Fucl

Propane gas should be used as the furnace fucl in all lire resistance luriaces.

Furnuces in the 118, and in Europe use s varicty of luels to provide the heat
input inte the rest furnace. In the 1S, gascous fuel, either natural gas or propanc, i
nsed 25 the burner fuel. In some overseas lurnaces. liquid fuels (heavy oil or
kerosene) are used. Testing conducted by Cooke (1994) evaluated the thermal
ervitonment impact on a ealibration sample in a number of furnaces loeated
aversens. Two of the furnaces used natural gas as the burner fuel and one furnace

used oil. The tesulls of the testing did not soccifically focus on the impact of the

burner fuel on the farnace environment and perlormance of the valibration spccimen,




however. it was noted that the oil-fired furnaee produced a mort thermally-severe

Sarnace environment compared to the natural gas fired environment9].

Numerical studics conducted by Sultun and Denham {1997). Sultan. Harmathy.
and Mehaffey (1986), and Sultan (1996) all recognize that the absarption coefiicient

for the furnace hot gasses will vary with the type ol burner fuel| 2.

Typically, the ahsorption coellicient is lower [or paseous fuels and higher lor
liguid fuels, As the [urnace gas absorption coefficient increascs, the severity ol the
exposure increases correspondingly, Systematic studies of propane versus natural gas
do not appear to be available in the literature. Such a study would be of value to the

{ire resistance tesling communily.

Recognizing that liquid fuels will produee a more severc fire exposure, there
exist practical operational and salely issues related to using liguid [uels sprayved mto
4 closed environment, The spraying of a liguid fuel into & furnace may result in the
huild-up of residue on the funace walls &s a function of time, which may lead to
incrensed matntenance cosls, Safery systems would teed 10 be implemented to insure
the spraying syslem can be adequarely secured upon fermination of a fire 1est.
Commercial gas-fueled burners are readily available with appropriate safeguards for

snsuring gas flow is secured wpon termination of a test.

The burning of liguid fuels may not be as clean as gaseous fuels. therefore,
requiring additional environmental considerations lor the utilization. Many
municipalities already contain the infrastructure 1o provide natural gas via
underground supply lines or lguid propant via truck, OF the two, storage ol liquid
propane, used with an appropriate vap orization system. can maximize the on-sife

storage capability for cunducting large-scale [lrnace testing,




4.6 Fire Control Sysiem:

As 2 result of calculation .the number of burner ta active this load was found 1o
be 6 burners those burners aie 1o sel firing in sequence the first burner with the
capacily of 300kw will give this amount within 4.5min the next burner with NG

capacity is 1o start firing the next 13,5 minutas with Lirer Contents so on

The conirel system for the commotion of burners using programmablc logic

controllers (PLC) will be as Hows.

The first Burner will be switch on with the slarting process and then the other will be
switch on as shown:

S{I S‘
T=200C" — R =5 b Tfh
| e R
— |
!
S0 @ the starting process. |
B the first Burncr.
T=200: temp. Fram temp. Sensor which let the process is complete at il
Ti: on delay timer set where BT is cured.
Lir ime wheve the lirst Burner has full capacity (from capacity curve),




571 &
I, LE
T =000 itd ] < 0.0
P,
Sn_ L'_l
R i

B2: 2nd Bumner,
2. 12: time for Znd Burner to achieve its capacity ([rom capacily curve) & it will be
open the 3rd Bumer.

All timers will be on Delav timer. And so on for other Burners (| low many

Burners it have?)

4.7 Test Report

The test report shall earry the fnllowing slatement in 4 promment position.

“lhis report provides the constructional details. the test conditions and the
results obtained when a specific elemenl of construction was tesied [ollowing the
pracedure specified in 18O 834-1. Any significant deviation with respect to size,
constructional details loads, stresses, edge or end conditions may invalidate the test

resull,”
a) The test report shall include all important information relevant o the Lest
specimen and the [ire test including the following specific items and those

itemis required by the test standards for the individuz! elements:

by The name and address of the testung laboratory, any unigue relerence number

and the test date.




¢) The nameis) and address (es) of the sponsor. the product(s) and the
manuiacturer(s) of the est specimen and any of its cotnponent parts, If
known; il unknown, this shall be stated.

d) I'he assembly provedure and constructional details of the test specimen, with
drawings including the dimensions o’ components and, where pussible,
photographs.

€] The relevant propertics of materials used that have a hearing on the [ire
perfortance of the test specimen together with the method of their
determination, including, for example, information CONCErning moisture
content and conditioning where appropriate.

f) For load bearing elements, the [oad applied to the test specimen and the basis
for ils calculation,

2) The support and restraint conditions used and the mational [or their selection.,

h) lnformation concerning the location of all thermozouples, deformation and
pressure measuring devices, together wath a graphical andfor tabular
depiction af data obtained [rom these devises during test.

i) A description of significant behavior of the test specimen during the test
period, together with the determination, un the basis of the criteria in clause
10, of the end puint of the test.

) The fire resistance of the test specimen expressed as specilied in clause 12,

k3 For asymmetrical separaling elements, the direction in which the Lest specimen

was lested and validity of the test result iF the strueture is exposed o fire on

the apposite side.




4.8 SUMMARY OF RECOMMENDATIONS

4.8.1Furnacc Instrumentalion Recommendations

I- Recommendation: Tumnace Temperature Control Plate thermomelers
should ke used 1o measure furnace temperature and control the furnace exposure.
There should be nine plate thermometers equally distributed across the test speeimen
surlace. Plure thermometers are (ypically placed 0.10 m (2 in) away from the
sample; however, a larger spacing is desired to prevent them from porentially being
damaged by [ailing test articles. Testing needs to be performied 1o demonstrare that a

larger spacing does not affect the thermomeler measurement

2- Recommendation: Furnace Dilferential Pressure — Tests should be
performed with a pesitive furnace pressure (relative (o laboratory conditions) across
the entire test article. All [urnace pressures should be measured using the tube sensor
provided in 150 834 and ENI363-1. In a vertical lurnace. pressure should he
measured al the botlom and top of the test specimen. The neutral plane in the fumags
should be maintained at the bottom of the test specimen with no limit on the pressure
at the top of the specimen. In a horizontal fiwnace. the furnace pressure should be
measured at one location and maintained at 20 Pa. Pressure tube sensors should be

locared at the same distance away [rom lesl articles a5 the plaie thermometers.

3= Recommendation: Fumace Oxygen Concentration — Furmace oxvaen

concentration should be measored in the furnace stack and maintidned at
greater than 6% during the wst. Gas sumples should be eontinuensly drawn out of the
duct Lhrough a sampling line and measured using a paramagnelic lype oxygen

analyzer. The recommended sampling probe should be similar to the sampling probe

used i1y duet measurenents of hood calocimcters,
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4-Recommendation: Unexposed Side Temperaturss — The unexposed side

temperatures should be measured with a thermocouple placed between the
specimen and a noncombustible. insulating pad. 1'he insulating pad should be a low
density, low thermal conduetivity malerial with known thermal prapertics. Lhe pads
should be approximately 0.15 m (6 in.) square and 25 mm (1 in.) thick and placed in

al leas! three loeations that provide a range of heat-translir performance.

3- Recomunendation: Total Heat Flux off the 1'nexposed Side — The total heat
flux off the unexposed side of the assembly should be measured using a Schmidt-
Boelter type water-cooled 1otal heat flux gauge. At a mininmum. a heat flux gange
should be placed near the center of the test article and as close as possible Lo the
unexposed side. In cases where the assemblv conlaing 3 transparenl section, a heat
flux gauge should also be placed at the center of the transparent section as close as

possible (o the unexposed surface.

0- Recommendation: l'urmace Veloeity — Velocity measurements inside the

furnaes should not he made.

/- Recommendation: Temperatuwse Prolile through ‘lest Specimen -
Temperatures should be messured through the thickness of the test assembly at
locutions that are representative of (he different heat-transfer puths within the
assembly. Repeat temperature profiles arc reccommended in case some thermocouples

fail during the test,

§- Recommendation: Gas Temperature Measurement - Gas temperatures om the
exposed and unexposed side of the test specimen should be measured using aspirated
thermocouples. Gas remperatures should be measured at each localion where a

lemperature profile is being measured. Aspirated thermocouples should be placed as

close as possible w the lest article surface.




4.8.2 Furnace Operations Recommendations

9- Recommendation: Fumace Time-Temperature Dxposure Curve — The
[urnave lime-temperarure expasure should linearly increase to 1200°C in six minutes

and remain constant & 1200°C {or the remainder of the test.

L0- Recommendation: Calibration Test -~ A calibiation lest should be conducted
with a noncombustible boundary containing instrumemation to quantify the thermal
exposure, Instrumentation insfalled in the boundary should include total heat flux
gauges and calibration boards instrumented with thermocouples. Instrumentation
should be installed in st least five locations (center of each quadrant and center of the
boundary} to quantify the furnace exposure, The ealibration test should he performed

tor one-hour using the required furnace exposure and instrumentation.

11- Recommendation: Furnsee Lining Material  All intetior [urnace surfaces

should be lined with a ceramic fiker material,

12- Recommendation: Minimum Furnace Depth — The minimum furnace depth

should be 4 (1 (1.2 m).

13- Recommendation: Burner Fuel - Propane gas shonld be used as the furnace

fuel 1 all fire resistanes furnaces.

14- Recommendation: Tvpe of Bumer — Pre-mixed burners should be used in

all fire resistance fumaces.

13- Recommendation: Secondary Air Capubility — When necessarv, a mears
for providing secondary air should be provided such that the minimum oxyaen

content within a furnace is not less than 6%.
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16~ Recommendation: Exhaust Contrel — A means for contralling the internal

furnace pressne (ecg.. damper in exhaust stack) should be provided.

17- Recomnmendation: Thermal Properties of Malerials — The thermal and
physical properties of materials in the test amicle assembly should be measured,
1T hermal properties (conductivily. specilic heat capacity. heat of decomposition)
should be measured al tempersiures as close to the highest temperature the material
is eapected to reach during the test. Physical properties (density, maisture content,
expansion/contraction, decomposition kinetics) should also be measwed as a
function of temperature up 19 wmperarures the matesial is expecred 10 reach during
the test. Thermal property test should he performad on marerials taken from the same

lol of materials used W construet the test Jticle,
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Apprndm 2 Flexible in tumescent seal

N ELEXILODICE

Flexibla imtumescant saal
; L

Techntzal data shee!

PRODUCT DESCRIFTION |

FLEXILOLICE is a flaxibie
IMturnescent Seal based on graphita
in case of fire, the intfumescent
matenal included in the themmopiast
suppart s expanding at least 10
fimes its initial thickness,

The microporous layer formed durin
the expansion pravides an sffeclive
barrier to the passage of fire, hot
gasas and hot smokes il

FEATURES |
The ntumescent seal FLE X LODICLE helds the following properties |
- wary flexible, |
resislgTt o moaistura and carbane dioxde:;
formation of a consistant micropgorcus [ayer
- s doinvared inoroll
aaty o handle and cut

PRODUCT DATA 1
Physical properties of FLEXTLOINCE
, FLEXILODICE FLEXILCDICE I
ke 15mm 2 mm
Marmial thickness - ey 15 am 1 Z mm
Activition temperature ) _ 1680°C 180%E
| Fres (A3 ansion ratio (a1 H““"“““l 17 x mitial thickness 11 % initig) thicknes:
: Cxpinisicn PTESSUre l'al 8 2 ifg ey [ Il 048 MNiman® Q48 MmmE
l W’f'-:;'uhl prer unit area 2,32 kaim® 3,10 kg/m?
{ Share A hardness dness (IS0 868) ~ e e BEESHGRR: B0 shore.

Average values measured by the independant festing laboratory IBMEB MPA Braunachweig
[Garm=rny)

IYPICAL APPLICATIONS :

The rilumescent fire seal FLEXILODICE I ussd in tha following inside and cutsuia
applications !

CRCF T Filer Prsidooring

Al oy M NBmrde B §oepvesiviciw F SUTTR AL My - mperal Jﬂ_.l'i'.r(u'f.*dﬂ.t’.l:nln
Tedr B TS IRTERTE Fuv. ttded e i iin Jih fenterraer o wrnanilice.cen
Fredie. o v wecfadoal vhara whieer CF FOGVLENNE tlochmeas = L5 gpn ol J oo = Hevod

e e 2 WTTAAS




FLEXILODICE
Flexible intumascent seal

Technical data sheet

= seals in penmelsr of tire resisiant systems (doors  shutters, dampers, cabinets, safes |
walls penelrating cables 1)
= it resistance improvement of various cuilding elements, eic.

RANGE OF PRODUCTS
Color ; zlack (colored 1 lhe mass of intumescent s=al).

Widths, thicknesses and lengths available:

If
_ FLEXILODICE 1,5 mm | FLEXILODICE 2 mm
2.5 1,5mm x roll of 140 1m ' 10 %2 mm x rell of 100 Im

. 15 % 1,.5mm xrol of 140 1m 15 x 2 mm x roll of 100 Im
0 18 %2 mm xroll of 180 Im
20 x2Z mm x roll of 100 Im
25 2 mm ol of 100 Im

| 30 x 2 mm % roll of 100 Im
2% % 2 mm % rall of 100 Im

. 37 %2 mm x rall of 100 Im

| 40 x 2 mm x roll of 100 Im
v | 50x2mm xroll of 100 Im

Cither thicknesses and widths can alse be produced on reguest.

Self-adhesive backing (ref. SA) :
LE x| ODICE can receive a self-adhnesive backing in arder to ease the installation

TOLERANGES
Thickness FLEXILODIGE (') v02mm/-03mm B
Wity +02zmm/-05mm i

("} tolerances measured on FLEXILODICE without self adhesive backing.

FITTING INSTRUCTIONS . »

The 1 turiescen! seal FLEXILODICE developing an average expansion pressure. iLis
advised Lo fit him, in case of sealing for a fire rated door, on the edge of the door leat or the
frame

in oider tn obtain an aesthetical installation, FLEXILODICE will be titted in a groove of the
same widlh as the sechian This groove will also allow te control the expansion of the
tuascsnt matearial

The s.rince must be tree from dust, fat and wax-lype materials. Remove badly anhenng
coatngs Chack the compatibility of the self-adhesive backing with the existing coating

Fixanan san ba done by gluging but we highly recommend an installation with a self-
adhasiva backing really say to use

(HAET N L Eiee Broweetion

ZAE tov dry Muhds Rue Loavahice 173770 Harly E-pivell ; infoigedicecom
Lo RS 5 Sl & I8 ik JeJRE [ RO o e g B Jarternet = vwarnadice.com
e ein ol i i Bt PO P A e it = Vo 0 g S S
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FLEXILODICE
~iexible infumascent seal

' ’”' l'echrical data sheat
Packaging
The nilurascent fire seals FLEXILOGICE are deliverad in roll and packed in cardt i
hoxo: ||
Storage

Stock in 3 dry and well-ventilated area.

Dbseve the ordinary working hygiene.

Safety and hygiene measures -
Referto the Matanal and Safety data sheet of FLEXILODICE ‘

IMECETANT: while the descriptions, desfgns, date and (nfermation contained frergin are presentad o
and believed o ba accurate, il fs provided for your guidance only. Beceizes many factars may aiffect p
nr applealicriuse, wa racomimend that you make lesis to gelermife the sufiabliity of @ produot for yo
parlicuiar purposc prior ro use. No warranlies of any Aind, alther express or implied, Including waman
merchiantaility or filness for o particitlar purpose, are made regarding products described or design |
inforinarton sei forth, or thal the products, designs, data or information may be used witfrout inffingin l
intedfoe iwul property nghts of ethers, In mo case shall the descriptions, Infarmation, data or designs p
considiered a part of our terms and condltions of ssle, Further, you avpreasly understand and agree U
dezeoriptions. designs, data and information furnished by QDICE hereunder are ghven free of cherge a
assuines i obiigation or lability for the description, designs, dels and information given or results ¢
[ sunh boing given and aceapled sl pour risk.

i TN L e Proicetin |
A0 G Ty Wariady Riie § rfveifaiin 1= 507 T Ay E-innfi: i.ﬂl_r:"h:dl’iul'fl'(.'k'. L]
Fods o 445 T REFEZY Rl Fr 3= 2R, firteraet - v pelice. conr

Fispr v v gl deter slecd UEE XTI thdokaesy = 8T i o e Mewd
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Appendix3 Ideal gas specific heats various gases (continued)
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endixd Same properties of il
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FERATION / MOGH®HKALH

1 * On-0Off

* Op-0Off Soft Star

..AB * HI-LOW with servomotor
PR * Progressive

..MD = Modulating

S = Separate head

AIN FEATURES / XAPAKTEPUCTHKY

* Aluminium casing up to Multicelor 200 1 and glagl
casing from 300.1 with electrical panel integrated on the
burnar

* Adjusiable combustion head for fine wning / matching
with different shapes of combustion chamber.

* Gas pilat from Multicalor 170.1.

* Hi- Low version wilh electric servomator and infegrated
system ior the ragulation of air gas and light all with two
nczzie from Multicalor 45 to Multicaior 300,17

* Progressive version with alectrical servomotor and
double adjustahle mechanical cam that altows gir
gasfight oil fine twning.

* Modulating versian with PID system contraller wilh
digital set point display and real tima value,

- Progressive or modulating nezzie with flow and return,
Shut down flow sysiem on the nozzle managed by eail
from Multicalor 700.1

. Firing head with adjustable primary air systam that
changes according 1o oulput requirgd.

* Easy maintenance with siiding bars system, Standard
from Multicalor 700.1 and on requiasl fram MuBicalor
J00.1.

* Standard version running on manual fuel selection
mode and on request automatic fuel cha ngeover. The
auvtomatic change aver systern can ba triggerad by gas
prassure or by a timer,

* Special version for all type of applicatiors and fuel
charachteristics on request.

* Ducblock range 180 - 25000 kW,

Mullicalor T00.1 P AR

{m.acm‘la m-burnars.com

EEEEE—— |

* GAHOUTYMeHYATAR rOpSika

* DLHOCTYAGHYATAR FODEAKR (¢ PABHEIM AyCkom)

* ABYXETYEHYETAR MOPRNKE C SEKTRONDKEGI0M BOSAVILHDE 3acnoii
* G RAASHSM TBPEYONON ¢ MANOTD Na Bnsuioe TGpSHiHe

*C MOGUTRYHER MowvaeTi

* TOPSIING C OTREABHOCTORIYNM [ TEERLM SGHTHIRTOOOM {Enosman)

ATTIOMIHIEBLI KODITYE ANT MODBRSH Brnars 40 Mutticalor
200,17 v cTansHoR, Aawikas ¢ MoRams 8001, co BoTpoSHRON
RAHENLIO YITDIRAEHNS.

PN YIHDPEMER OFNEE29 FONGEKS, NPERHAILIHERHER AN% SatioTer ©
LOYMA iAW TORMMBE, |MODIIOT HATAEKY FODENKY G5 Dat0TA 8
CONETAIM £ PASIHIHL N KAMEDAME CTODAWIE

(3008 BAREALHME (METAN HH CH RSB FE3), RN T
mogesiie Multeator 1701

Aayxerynesd e ropami o SOSKTRONMEOL0N SO38VUHON
G0N0 H MHTEIDMDOSZHHON CHOTEMON DErHPOEKH pacxnga
BOEAYNG, T35 B JHE8are TN e, 2 ARV hupcyskake, 8
Wogeaax ¢ Muliicaier 45 g Mullicalor 360 1

HOBEA GHCTEME MPONOBLMOHANHECD PEYIHOCEAHME CaDaA
BO3AVER, F238 W GHITNTMBEE © GEVaA FPEFYTHDOETHLME FEKZ0AN
HIUEHAGMTWA FEOMETINK 479 MGAaRen PR (o nnsammiy GRSRToN £
MENND #3 BonbiLoe ropemms) i MD (e uadynsiwes oumacTy)
Magenm ¢ wogynagean sonsocT ity o PID-DarpneTopem ©
LGOS QHOTFOAM, HE KOTOPEM CTOBOEMIOTES Chaie | Hyeome
AHEBHERHA NECAMETDOL & KETODRT 0380A76T RAMENRTS IHASHHE
¥eTas,

Hasmean ¢ wozame Mullicalor 7001, & soraniamm PR H MG,
PEAMMI0EAH KOETYD LWORENRMY TONREAG 8 OF Heait Fonoare
(NI WA TE Nk A R TIOMA I TR Fiania e MEeY Do EIET TOQaYY
FOMIMER HEMOLDELCTEENG ¥ QhapeyvoK]

ADTOMATHAECKTD DHeTauS PETYMR0BKN SACKD43 PERE WIS
EOZOVAS B I86MCHOC T OT Tl MOUHIETR, HAYHEER ©
Ho0Gm Multiz=iar 700 1

(IPOCTOTE 5 DACAyMHEaNm - AOCTEN & OTUBAAE ronosss 5o oxfTits
FOEARHE KO T,

CTaNASDTHER MOIEM: © LVuHsIM NECEKIOMELHEM ETyTSH
MELIMGGTH. C &8 TOMATHYECKIM NRDEKIMEUEHWEM - 10 0TRBmMAGH ¥
3asy. KoMy THDWOWER &5 TOMITHYAKAS Ennaparypg padorant fn
ARISHAID TR 00 1iC KOMAHGE THAMEDS,

B2 1OpeKH OTARVAKITES yHIBEOCATMIOCTSIO H AT

HGOTESOSATLUN KAK KA TPIWAANOKNY, TEK i IOOMBILTE HHb
o0bekTax.




INCTIONNEMENT / FUNCIONAMIENTO

| « 18re ALLURE
= 1ere ALLURE démarrage réduit
AB « Deux alluras

PR * Deux allures progressives
MD * Modulant

- Téte séparée
ARACTERISTIQUES / CARACTERISTICAS

Corps en aluminium jusquau Multicalor 2001, corps en
acier & partir du 300.1; avec tableau de bord integra au
orlileur.

Téte de combustion pour deux combustibles reglatie pour
garantir de maillsurs accouplemeants sur différentes
shambres de combustion,

Filote de gaz {gaz nature! et gpl), a partir du
Multicaler 170.1.

Vargions 2 allures avec senvomoteur af systéme
integre pour le réglage de lair, du gaz et dufioul; avec 2
glcleurs 8 partr du Multicalar 45 jusqu'aw 300.1.

Nouveau systeme de raglaga proportionnel air,
oaz et fuel avec deuble came A profils variables, pour les
versions prograssives PR et modulantes MD.

Versions modulanies avec thermorégulateur PID o
affichage numérigue qui denne la valeur reclle el permat
de régler le point de consigne(LMV 51/52 en option).

| Gicleur & retour pour varsions PR el MD avec systeme
de fermeture dlectromagndtique du gicleur & partir du
Multicalor 700.1,

Systeme de réglage de l'air primaire en lonction
du dabit damands.

Facilité d'entretien grace & la possibilité d extraire la téte
de combustion par larriere du brileur.

Versions standard A commutation manuelle e, sur
demande, automatique. Le systeme de commutalion
automatiqua peut étre commande par la pression du gaz
au d'un autre signal.

! Version spécizle sur demande, pour woutes applications
au autres combustibles.

| Gamme Duoblock 180 - 25000 kKW,

\

Mulicalor BOO.1 DUO PR/FR

« fa LLAMA

* Salto de presion

* Baja/Alta LLAMA con aire motorizado
* Proograsivo

» Moduianie

= Cabeza separada

MULTICALOR 1000.1 MD/MD

= Cuerpo de aleacidn de aluminio hasts &l modslo
Multicaior 200. 1 v on fundicion de acero a parbr
dal madielo 300.1, con &l cuadro glgcirico incorporado
en el guemador,

¢ (Cabera de combushion regulable para gamentizar el meajor
acoplamiealo cn las diferentes cdimaras de carnbastidn,

* Fliote de gas ( metano o GLP) desde el Multicaior 170.7.

& Version de dos ilamas con servemclor v sisfems
infegrano pera fa reguiacion dei aire/gas o gasoied, can
dos invectores gesda al Mullicalor 45 gi 300.1.

* Nuevo sislema de reguiacidn proporcional aire gas y
gasdisce con doble cama a peril variabis, para la version
Ry MD

= Versidn modulants con lermoregulador BiD can display
digital gue visualiza &l valor raal y parmiie la regutacion
oal sal poinf.

* Invector a reflujo para las versionss PR y MD con sistema
de cierre del fiufo al invector mediante I bobing, para el
Multicalfor 700.1.

* Sislema de regulacidn dal aire primaria gue vana
an base a la potencla requerida.

*  Facil mantenimiento gracias a la facil extraccion de la
caboars de sombusticn oel cierpo delguemsador,

* Versidn estdndar con conmutacion manual ¥y a peiiaon s
puede fabrcar con conmutacidn aufomanca, £ sisiema
de conmutacikin automalice puede ser conlrciado por e
prasidn del gas e por un termparzador.

' Versidra pehicin del glisnte para eualquier too de
inatalacion industrial v caracteristicas de combustibla,

* Gama duocblock 180 - 25000 kW

www.ecotlam-bumears.com



fronruns FIELDS / PABOYHIA JUANA30H /| COURBES DE TRAVAIL / CURVAS DE TRABAJO
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l NOISE LEVEL / YPOBEHE LIIYMA / NIVEAUX DE BRUIT / NIVEL DE RUIDOS
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* Data recorded dunng testing made st a meter digtance from the burner,
® TRkt MO Yo MoV AMEDENRE 3 ECODSTORHB JENOBHDY Nt PESCTERRN T W oT e,
* Donnces technigues mesurdes 4 1 métre an labomstoire,
* Metloas ofecluadas an laboraiono 8 un metro de distancra del guemadar,

TECHNICAL DATA / TEXHHYECKHE JAHHBIE / DONNEES TECHNIQUES / DATOS TECNICOS

Quiput Qutput Flow rate Flowrale  Power Mater  Operclion
MODELS Ternagas MetwoeTs Tannoesw MouNOETD Pecxog Paoxon supply Momwocrs  Mogwdiseangin
MOLENH Pulssance colofligue Puissance calorfique  Déb Débif Jermporwranmt pewrsrenn  Fonclonnermnent
MODELES Polencia térmica Potencla lérmica  Caudal  Caoudal  JEMSlon  “ioteur  Funclonamiento
MODELOS K. e min. /s, max. /. min.fem  : it Motor
kWY kcal/h 100G EW kealhxIDO0 kglh kgt v e ww
! B wrannazx 1000 Bt kwanvsc X 100 Kty K 8 kBT
DUAL 1 &0 344 23 1978 X:a7 1.54 2307400 0050 ON-CFF
DuAL 2 &5 559 34 29,24 548 2848 230,400 G.050 ON-OFF
' DUAL 3-3P Tio 4.4 L3 457 88 P27 4 gt 2300400 0200  ON-OFF /P
DAL 4 200 172 110 o 1484 r.ar 2307400 0250 ON-OFF
DUALAF 200 172 160 a5 T84 a3 2307400 0,250 E
DUALSP 345 2087 11 Phb 2. P27 FI0/400 L3040 P
MULTICALOR 45 500 430 190 I&3.4 42,17 14 230,400 055 AB
MULTICALOR 45 SO0 430 120 a2 A7 2 50400 055 FR-MD
MULTICALOR 70 28 4] &02 2okl 215 ay | 301400 074 AE
' MULTICALCE 70 00 &02 170 1654 5% 15 230/400 G.74 PR-MD
MULTICALOR 100 1.000 Ba0 300 258 A4 31 253 2307400 = AB
MULTICALOR 100 1600 G0 200 |72 Be 3 16,85 23011400 1.1 FR-MD
MULTICALOR 140 17364 1.118 4700 44 1096 3937 230,400 22 AB
MULTICALOR 140 1300 i.]118 250 215 102.4 2108 A0 2.9 PR-MD
MULTICALOR 1707 1.770 1.526 342 273 150 2% 230,400 3 AE-PR-MD
MULTICALOR 206.1 2150 1.853,45 at4 3569 187 35 2304400 4 AB-PR-MD
; Flaniral lfzsa [L G, BIETO kealMm ), LA 1L Dy 22 2o o) Bl TR T i 10 S TEI e Areg-o, 610 srattHb], e 1A [ s T T oo 22 Sl (MG
< Light all LGV 10200 kealles i wisn 18°E 212090 A0 ks T TR AR G, M Bcs, 15 - s el
ambustiole | Bae Hadurel (LS B 520 kowltm3), LPG 1 2y, b2 peg bl Combuoibie: Ges -Natral L0V BETD kealNm'|. G20 (L C W 22 0an kgl
L= 1 Fusl domestgoa (LEV 10200 keabl ma. ik | 5°E ot ey - : Cmadlea (L OV, 10200 konlikg max. visn 1,5°S 8l 50°0)
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TECHNICAL DATA / TEXHHYECKME JAHHBIE /| DONNEES TECHNIQUES / DATOS TECNICOS

Output Dutpul Fiowrate Fow rate  Power Mot Operalion
MODELS Tennoess MOMMOCTS TENRORAT MOWMOCTE Pacxom  Pacxog supply  Mouwocrs  Moqghaayma
MOZENK puilssance calorigue  Pubisance calorfique  Dabit Débil  Jwentpoawrisne pauratens  Fonclonnement
MODELES Pofencio férmica  Pofencia témica  Coudal  Coudoi  JESION  Mofeur  funcionamiento
MODELOS i rnmi.jmxr_ _— mifn. /s m?; JSugne. moin. s, eldetrica Maotar
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DETAILS / ¥3/1bl / DETAILS / DETALLE
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4YDRAULIC CIRCUIT / rMJPABSIMYECKWA KOHTYP / CIRCUIT HYDRAULIQUE / SISTEMA HIDRAULICO
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GAS TRAIN / FASOBBIE PANINb! /| RAMPE GAL / RAMPA DE GAS
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GAS TRAIN / FTASOBBIE PAMITE] | RAMPE GAZ / RAMPA DE GAS

Muoels
Moaena
Modeles
Modalas

Muiticalor 140

Multicalor 170.1

Multicalor 200.1

Multicalor 3001

Multicalor 400.1

Mutticalor 500.1

Multicalor 60001

Multicaior 7001

Multlzalor B00.1

Mullicaler 1000.1

Multicalor 1200.1

Multicalor 15001

Gas train Gas governor & Filler
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MBDLE 420 ialuted-aningsey
MEDLE 415 rvciuidhec]- S motis 30
MBIDLE 212 Irec e - maners a0
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SVYDLE = SY 520 FeSOC/ FROR & 35
avDLE + SV 512 FSpC/ FEDRZ" .
SVDLE = 5Y 51% ESDC/ FEDR 171/2" 70
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VED 40,065 Fiftar DM B85 :
WG 20 E0a Fittar 2 .
SYGLE 4 BY 520 FSDG T FSDRE a5
EVOLE + SV B12 FEDC/ FSDR & -
EVILE + BV 512 FS0OC fPSDA 72 100
VGED ) 100 Ficar DN 100 .
YED 40080 Filter DN 80 -
VEDh 40,088 Filter 2M B5 =
VED 26503 Fillzr DN 65 £3
SYDOLE = 5V 520 FSDC ! FR0R 27 .
SWDILE + BV 51 FEOC AFSDR 12 185
NGD 40,100 Fifle D 100 .
VGO 40,080 Fliver DM 83 .
VGD 40.065 Fillyr 04 85 =
VED 30508 Fiter 2* 70
SVDLE + 8V 530 FSDAZ '
SVOLE + SV 512 FSpC { FE0R 2" at
VYED 40,925 Filter DM 125 -
VED 40100 Filter DN 100
VEDAD.080 Filtgr DM 80 -
\ED 40 85 Flitsr DM 5 ES
VGO 20503 Filtar 2 :
EVDLE + SV 520 FEDCJ FaDR 2 1ED
WED &0 125 Filter DM 125 .
ViED 4 120 Eflter DN 100 .
VGD 40,080 Filter O BO -
YED 40 065 Fiter DN 85 an
VGO 20,503 Filter 2" .
SVOLE + 5V 520 FSOGC  FSOR2 12 170
V&0 40,126 Fillar DN 129 =
WGO-A0. 100 Fiar DN 400
VED 40080 Fiizar 0N 80
VIED 40,065 Fitter DM &5 125
VED 40,125 Flitar XM 125
VR A0 00 Filter DM 1043 =
W0 40,080 Filler DN &0 -
WD A0 D65 Filler DM 58 185
VGO 40 125 Filtar DM 125 -
WEE 0,100 Filpar [ 100 110
WSE &0.080 Fiftar DM BO -
Y0 47 RS Filtor DN 65 250
VED 40150 Fitar DN 150 =
VED 40,125 Filber DN 1€5
VED 40.500 Fifter DN 100 1
VED 40080 Filrar DN B0 £l
WED 40,150 Filter DM 150 5
VGO 40135 Flltze DK 125

WS040 1

Fittay DR 100 133
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