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PART 1 - GENERAL REQUIREMENTS
INTRODUCTION
1 Scope

1.1 This Standard describes a full-scale test method for measuring the thermal resistance of protective
materials, systems, or constructions to rapid-temperature-rise fires.

1.2 Part 1 of this Standard describes the furnace calibration and furnace control requirements.

2 UnjitsofMeasurement

2.1 \alues stated without parentheses are the requirement. Values in parenthéseg are explanatory or
approximate information.

3 Refferenced Publications

3.1 Any undated reference to a code or standard appearing in the requirements of this Standard shall be
interprieted as referring to the latest edition of that code or standard.

3.2 The following publications are referenced in this Standard:
UL 24381, Durability of Fire Resistive Coatings and Materials

FULL{SCALE TEST METHOD

4 Furnace Control

4.1 The fire environment within-the furnace is to develop a total heat flux of 65,000 +5000 Btu/h - ft? (204
+16 k\V/m?) and an average temperature of 2000 +100 °F (1093 56 °C) within 5 min|from the start of the
test. The fire environment is.to be controlled by reproducing the furnace temperatures|recorded during the
furnace calibration method specified in the Furnace Calibration section of the re¢levant Part of this
Standard. This temperature is to be maintained throughout the remainder of the fife test as shown in

Figure(4.1.
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Figure 4.1

Time-Temperature Curve

TEMPERATURE, F TEMPERATURE, C
2500 1371
2250 1232
2000 - 1093
1750 | (954
1500 | 4 V81¢
1250 | - 673
1000 | - s34
750 1 39
500 H - 26
250 1 121
0 1 1 1 1 1 1 | PP | 1 1 1 -17
0 5 10 15 20 25 30 3540 45 5 55 60
TIME, MINUTES
S 2526A

4.2 The furnace is to be controlled to\maintain the area under the time-temperature qurve to within 10 %
of the ¢orresponding area under the;standard time-temperature curve shown in Figurg 4.1 for fire tests of
60 min| or less duration; to within,7.5 % for tests longer than 60 min but not longer than 120 min; and to
within » % for tests exceeding 120 min in duration. The area under the time-temperature curve is to be
obtaingd by averaging thesresults from the pyrometer or thermocouple readings.

4.3 A correction isytobe applied for variation of the furnace exposure from the prescribed, where such
variatign will affectithe test results, by multiplying the indicated time period by twoithirds of the value
obtaingd by dividing the difference in area between the curve of average furnace tgmperature and the
standafd curve for the first three-fourths of the period by the area between the standlard curve above a
base line of 68 °F (20 °C) for the same part of the |nd|cated perlod dunng the flrst pari of the test. For fire
exposure the amount of the
correction and for f|re exposure t|mes less than standard the indicated ratmg period is to be similarly
decreased. The correction can be expressed by the following formula:

B 21(A—Ag)
 3(dg)

In which:
C is the correction in the same units as /

lis the indicated fire-resistance period
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A is the area under the curve of indicated average furnace temperature for the first three-fourths of
the indicated period

A, is area under the standard furnace curve for the same part of the indicated period

4.4 The temperature fixed by the requirements of the Furnace Calibration section of the relevant Part of
this Standard, is to be the average temperature obtained from the readings of eight thermocouples
symmetrically disposed and distributed within the test furnace to show the temperature near all parts of the
assembly or assembilies.

4.5 The thermocouples are to be fabricated by fusion-welding the twisted ends of 0.064 in (1.6 mm)
diameter (No. 14 B & S gauge) chromel-alumel wires having a time constant of 2 min or less, and

mount
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ng the wires in porcelain insulators. The thermocouple assembly is to be
rd weight, nominal 1/2-in iron, steel or inconel pipe, and the end of the pipg|fro
n protrudes is to be open. The thermocouple junction is to protrude 1/24n(12.7
the pipe.

he junction of the thermocouples is to be placed 4 in (102 mm) away from the
becimen and located at the 1/3 and 2/3 heights of the ‘test specimen. T
couples is not to touch the specimen during the test, as a result of specimen de

ach thermocouple within the furnace shall be read.at intervals not exceeding 1
of the test and at intervals not exceeding 5 min during the remainder of the test

rnace Calibration

furnace calibration record is to be maifitained and the furnace is to be recalibrg
repair that could alter the heat generation, retention or flow characteristics
tion shall be conducted at a frequency not to exceed 10 years.

he exposure of the furnacé.is'to be measured with thermocouples and calorime
evant subsequent Part of.this Standard.

he measured values of all thermocouples and calorimeters are to be recor
ding 1 min.

he thermaCouples used to measure the temperatures within the furnace are t
ped in 45

inserted through a
m which the welded
mm) from the open

exposed face of the
'he junction of the
lection.

min during the first

ted after completion

of the furnace. The

ters as described by

Hed at intervals not

b be constructed as

letimeters are to have a minimum range of 1 Btu/h - ft? (315 kW/m?) an

a 180° view angle

5.6 Combustion gas samples from within the furnace are to be obtained as described by the relevant
subsequent Part of this Standard.

5.7 The combustion gas samples are to be obtained continuously by use of a vacuum pump and the
oxygen content measured by an oxygen analyzer.

5.8 The fire environment during the calibration test is to comply with the requirements of 4.1. The length

of the c

5.9

alibration test is to be 60 min.

Individual total heat flux measurements are to lie within the limits shown in Figure 5.1.
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Figure 5.1

Time-total Heat Flux Curve
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5.10 The average furnace temperature’is to be determined by averaging the tempe
the furpace control thermocouples-\“The average shall be 2000 £100 °F (1093 156
temperatures are to be 2000 +200-*F (1093 £111 °C) 5 min after the start of the test ang

test.

6 Tegt Specimen

6.1 The size ofthe'test specimen shall be representative of the design, materials, a

which ¢lassification is desired.

6.2 All.thefrmocouples for the purpose of recording specimen temperature are to

atures recorded by

°C) and individual

until the end of the

nd workmanship for

be fabricated from

H H oW aVaVaW LO-Q AN = b yaN| Vo W W o W o T . ¥ AN I } } } -
miniMunT U0 Z2 T (U7 T arameter (INO. ZU D & o gauge) Chnrome=alunier; MCcoTe

equivalent having a time constant of 2 s or less.

PART 2 - STRUCTURAL STEEL

INTRODUCTION

7 General

sheathed wires or

7.1 Unless specifically stated otherwise, the requirements in Part 1 of this Standard are applicable.

7.2 Part 2 of this Standard covers additional procedures for use in conjunction with Part 1 of this
Standard, intended to evaluate the thermal resistance of protective material applied to structural members

and the ability of the protective material to withstand the fire exposure.
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7.3 Part 2 of this Standard describes the minimum testing requirements for classification, the limits of
applicability of test results and acceptable methodology to determine the classification achieved.

7.4 The test method includes a supplementary test method for beams, intended to evaluate the ability of
protective materials to perform when subject to significant deflections, for use in conjunction with the full-
scale exposure test and applicable for beams and other sections subject to bending. Information published
in accordance with this test method may also include product design tables for beams and sections
subject to bending derived from the supplementary test method and accompanying methodology.

7.5 Information published in accordance with this test method may also include product design tables for
alternate limiting temperatures derived from a multi-temperature analysis. Such tables are provided to aid
in conditions where a performance-based-design approach is implemented

8 Glpssary
8.1 Hor the purpose of the requirements in Part 2 of this Standard, the following definjtions apply.

8.2 (CONFIGURATION OF SECTION — The type of section, defined by referenge to its shape and
structdral use. For example: open column, open beam, hollow column, hollow beam.

8.3 HOLLOW SECTION — A tube or pipe or similar shape.that has a cross-section fontaining enclosed
space

8.4 (OQPEN SECTION — A wide flange or similar shape section that has a cross-sg¢ction containing no
encloged space.

9 Terms of Abbreviation

9.1 Hor the purpose of the requiremeénts in Part 2 of this Standard, the following termg of abbreviation are
used.

D or DFT thickness of fire protection material (in)
Dnin Minimum thickness-ef fire protective coating (in)
D,ax Maximum thickness of fire protection coating (in)

D..iq ah intermediate thickness of fire protection coating lying within the mid third between D, and Dy«

(in)

t the period or duration of classification (minutes)

T the temperature (°F or °C) used as the criteria in an engineering assessment (engineering analysis or
study) intended to provide supplementary information to the classification

W/D where W is the weight of the open steel section per lineal foot and D is the perimeter of protection
material at the interface between the open steel section and the protection material

A/P where A is the cross-sectional area of the hollow section and P is the perimeter of protection material
at the interface between the hollow steel section and the protection material
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FULL-SCALE TEST METHOD
10 Furnace Calibration

10.1 The exposure of the furnace is to be measured with thermocouples and calorimeters mounted
within a nominal 14 by 14 in by 6 ft high (357 by 357 by 1829 mm) vertical calibration column centered
within the furnace chamber. The calibration column is to be fabricated from noncombustible materials,
constructed and instrumented as shown in Figure 10.1 and Figure 10.2.
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Figure 10.1
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12"x2"x3/16" (51 x 51 x 4.8 mm) steel angles welded to form framework
2 Instrumentation block (2 required)

3 Two layers of nom. 1.2" (13 mm) Marinite or equivalent inorganic insulation boards installed on four sides and top of calibration
column, secured to framework with No. 1/4 — 20 steel bolts with nuts and 1-1/4 (32 mm) diameter steel washers

4 Entire cavity of calibration column filled with nom. 6 Ib/ft® (3484 kg/m®) density mineral wool batts


https://ulnorm.com/api/?name=UL 1709 2022.pdf

AUGUST 8, 2022

UL 1709
Figure 10.2
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10.2 The temperature of the furnace is to be measured by eight thermocouples, each located 4 in (102
mm) from the exposed face of the calibration column and at the 1/3 and 2/3 heights.

10.3 The measured values of all thermocouples and calorimeters are to be recorded at intervals not
exceeding 1 min.

10.4 The thermocouples used to measure the temperatures on the face of the calibration column are to
be No. 28 gauge, Type K inconel sheathed thermocouples having a time constant of 0.5 s or less. The
thermocouple junction is to be located 1/4 in (6.3 mm) from the face of the calibration column.

10.5 The thermocouples used to measure the temperatures within the furnace are to be constructed as
described-in-Section A, Eurnace f‘nnfrr\l’ inPart 1 of this Standard

10.6 [The calorimeters are to have a minimum range of 100,000 Btu/h - ft? (316 kW/m?) and a 180° view
angle.

10.7 |Combustion gas samples from within the furnace are to be obtained from a prabe of stainless steel
tubing|having an outer diameter not less than 3/16 in (4.7 mm) and:a wall thickness not less than 1/32 in
(0.8 mm). The probe tip is to be positioned vertically at the mid-height of the calipration column and
horizontally located 4 in (102 mm) from the face of the calibration column.

10.8 |The combustion gas samples are to be obtained<Continuously by use of a va¢uum pump and the
oxygeh content measured by an oxygen analyzer.

10.9 |The individual total heat flux measuremenis@nd average furnace temperature quring the calibration
test is|to comply with conditions given in Part 4 of this Standard. The length of the calibration test is to be
60 min.

10.10| A record of the temperatures measured near the face of the column and the oxygen content are to
be retained on file for a period of 10'years.

11 Furnace Control
11.1 |Tests shall be cenducted in accordance with Part 1 of this Standard.

11.2 [The average furnace temperature is to be determined by averaging the tempgratures recorded by
the eight thermocouples placed 4 in (102 mm) from the column as shown in Figure 11.]1. The average shall
be 2000 +100~°F (1093 56 °C) and individual temperatures are to be 2000 +200 °F (1093 +111 °C) 5 min
after trre staft of the test and until the end of the test.
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Figure 11.1

Furnace Control Thermocouple Location — Column
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12 Test Specimen

12.1 The size of the steel section used in the test specimen shall be representative of the design,
materials, and workmanship for which classification is desired. In cases where classification is required
across a range of steel sizes and shapes the procedures in Annex A shall be followed, indicating the
number of specimens required to be tested. Open sections (e.g. wide flange columns) and hollow sections
(e.g. pipes, tubes) shall be considered separately for classification.

12.2 The protection material shall be applied to the steel specimen in accordance with acceptable field
practice. The length of protected open or hollow steel column exposed to flame (L in Figure 12.1) shall be
at least 8 ft (2.44 m). Steel columns are to be supported vertically during application of protection material
and during fire exposure
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Figure 12.1

Thermocouple Location Columns
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12.3 The temperature of the open steel column is to be measured by no fewer than five thermocouples
located at each of four levels (minimum of 20 thermocouples). The upper and lower levels are to be 2 ft
(610 mm) from the ends of the steel column, and the other two intermediate levels are to be equally
spaced between the upper and lower levels. The thermocouples at each level are to be placed to measure
significant temperatures of the component elements of the steel column. Figure 12.1 shows required
locations of thermocouples on wide flange and tubular steel columns.

12.4 The temperature of the hollow steel column is to be measured by no fewer than four thermocouples
located at each of four levels (minimum of 16 thermocouples). The upper and lower levels are to be 2 ft
(610 mm) from the ends of the steel column, and the other two intermediate levels are to be equally
spaced between the upper and lower levels. The thermocouples at each level are to be placed to measure
significant temperatures of the component elements of the steel column. Figure 12.1 shows required
locatigns of thermocouples on tubular steel columns.

12.5 |The applied protection material is to be restrained against longitudinal thermgl expansion greater
than that of the steel column by attaching rigid steel plates or reinforced cencrete to the ends of the steel
colump prior to application of the protection material. The plates or concrete are to|be sized to provide
direct pearing over the entire transverse area of the protection material.

12.6 |The ends of the test sample, including the means for-testraint, are to have sufficient thermal
insulafion to prevent significant direct heat transfer through, to the ends of the stgel section from the
furnack.

12.7 |Prior to test, the test specimen is to be conditioned such that the dampes{ portion of the test
specimen has achieved a moisture content corresponding to drying to equilibrium with air in the range of
50 to [/'5 % relative humidity at 73 5 °F (22:8.12.8 °C). If the protection product|requires a different
moistyre content to perform as intended, such moisture content may be allowed prpvided the moisture
content and justification of acceptance aré.documented in the report, and the moisturg content is included
in the ¢lassification.

12.8 [Moisture content equilibriuruwith air shall be determined to have been reach¢d when successive
weekly weighings of a representative specimen, prepared at the same time as the test specimen, indicate
that the representative specimen has stopped losing weight.

13 Performance Criteria

13.1 |The transmission of heat through the protection material during the period of firg¢ exposure for which
classifjcation.s.desired shall not raise the average temperature at any of the four level$ of the steel column
above|1000¢F (538 °C) and no thermocouple shall indicate a temperature greater than 1200 °F (649 °C).

14 Report

14.1 The following shall be included in the test report:
a) Full details of the test specimens including surface preparation, anti-corrosive treatment or
coating systems, any fixing methods and application methods appropriate to the protection
material;

b) A generic description and accurate details of the fire protection system and any reinforcement,
sealer coats, or retention methods present;

c) Description of the conditioning of the test specimens and their installation within the test furnace;

d) The measured dimensions of the fire protection system together;
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e) If relevant, the load utilization along with the calculation method and standard used in the

derivation of this value;

f) Individual furnace temperature measurements and the average of all
temperature measurements, taken as specified in Section 11, Furnace Control.

g) If relevant, measured longitudinal deformations, rates of deformation and the
occur;

h) Observations made and times at which they occur; and

individual furnace

times at which they

i) Individual temperature measurements and the average temperature of each measuring station.

15 E|||vironmental Performance

15.1

comply
Outdod
16 Aj

16.1

Products evaluated for fire endurance under the requirements of this Partlof the
with the applicable performance requirements in UL 2431 for MatetigiClassifid
r, Heavy Industrial.

pplicability of Results and Classification

An individual classification of an open or hollow colutin may be obtained by

within this document and based upon the performance criteria specified in Section 13.

classifi
to exan

16.2
such a

16.3

Cation is applicable to the type of construction representative of the design that
nine.

Classification is applicable only to steel columns and only in the configuration (e
5 wide flange columns or hollow sectigns such as tubes and pipes) of the steel tg

Supplementary product design tables for the same configuration of steel tested

generated for beams by following-the procedure in Annex B, on the basis of the

proced

16.4
duratio

16.5

the ste
coated
concre

ure in Section 17, Additional"Procedures for Beams.

Classification of muliiple steel column sections, covering a range of W/D d

Classification:is applicable to steel columns exposed on 4 sides, or less than 3
bl columnyis exposed on less than all four sides, the sides that are not exposed
by fire~protection material) must be in direct contact with material of substantig
e.

Standard shall also
ation Category I-A:

the tests described
The fire endurance
the test is intended

ither open sections
sted.

BS a column can be
supplementary test

r A/P values, and

hs may be accomplished by following the procedures outlined in Annex A, Sectigns A1, A2 and A3.

Il four sides. When
and that cannot be
| heat sink such as

16.6 Classification may be extended to sections of identical configuration with a value of W/D or A/P
greater than that tested. The fire protection thickness D for the maximum W/D or A/P classified at the
same duration shall be applied in these cases. Classification may not be extended to sections with a value
of W/D or A/P lower than that tested.

17 Supplementary Test Method for Beams

17.1 Furnace control

17.1.1 The supplementary test method results are used to generate supplementary product design
tables for beams, and is not used to directly generate column classification. Comparative testing between
a loaded and non-loaded beam is performed to establish the effect of deflection on the performance of the
protection system, and to calculate a correction factor, which is applied as per Annex B.
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17.1.2 The supplementary test method is not subject to calibration requirements as per the full-scale
column exposure test. It is subject to furnace control requirements as specified in 17.1.3 and 4.2, 4.3 and
4.7 in Part 1 of this Standard.

17.1.3 The average furnace temperature is to be determined by averaging the temperatures recorded by
the nine thermocouples placed 4 in (102 mm) away from the exposed face of the specimen at the
beginning of the test, or 10 in (254 mm) away from the underside, as shown in Figure 17.1. The
thermocouples shall not touch the specimen during the test as a result of specimen deflection. The
average temperature shall be 2000 £100 °F (1093 +56 °C) and individual temperatures are to be 2000
+200 °F (1093 111 °C) 5 min after the start of the test and until the end of the test.
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Figure 17.1
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17.2 Test specimen

17.2.1 The protection material shall be applied to the steel beam specimen in accordance with
acceptable field practice.

17.2.2 The length of the loaded open or hollow steel beams exposed to flame (L in Figure 17.2) shall be
atleast 12 ft (3.66 m).
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Figure 17.2

Thermocouple Location Beams
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17.2.3 An unloaded reference section shall be tested at the same time, positioned parallel with the
loaded section.

17.2.4 The length of the unloaded reference section exposed to flame shall be at either 4 ft (1.22 m) or
12 ft (3.66 m).

17.2.5 The temperature of the loaded steel beam is to be measured by no fewer than four thermocouples
located at each of four stations (minimum of 16 thermocouples). The end stations are to be 2 ft (610 mm)
from the ends of the steel beam, and the two intermediate stations are to be equally spaced between the
end stations. The thermocouples at each level are to be placed to measure significant temperatures of the
component elements of the steel beam. Figure 17.2 shows required locations of the thermocouples on
wide flange and tubular steel beams

17.2.6] The temperature of the unloaded steel beam is to be measured by “the same thermocouple
arrangement as described in 17.2.5 in the case of 12 ft (3.66 m) beams; or ho fewer than four
thermgcouples centrally located at one station in accordance with Figure~17.2 Sec A-A for 4 ft (1.22 m)
beamg.

17.2.7| All thermocouples for the purpose of recording specimentemperature are t¢ be fabricated from
minimpm 0.032 in (0.8 mm) diameter (No. 20 B & S gauge) chtomel-alumel, incongl sheathed wires or
equivglent having a time constant of 2 s or less.

17.2.8] Concrete toppings for the loaded beam shall -be made of normal weight cong¢rete with a nominal
density of 140 — 150 pcf (2240 — 2400 kg/m?®). The céncrete slab shall be sized, fixed t¢ the steel beam in a
non-cgmposite manner, and any gaps sealed, in a Manner appropriate to laboratory practice. No insulation
materipl is permitted between the concrete and the steel beam.

17.3 [Performance criteria

17.3.1| Loaded beam tests shall bedoaded prior to commencing the test. This load ig to be the maximum
load cpndition allowed under nationally recognized structural design criteria. This load|shall be maintained
until bpth of the following limits‘are exceeded:

a) A maximum toetakdeflection of:
(L*) /(400 d)

b) And.after the deflection limit has been exceeded, a maximum rate of deflgction per minute as
determined over one-minute intervals of:

(L*) /(9000 d)

Where:
L = the clear span of the beam

d = the distance between the extreme fiber of the beam in the compression zone and the extreme
fiber of the beam in the tensile zone

17.3.2 With reference to 17.3.1, the units of deflection, L and d must be expressed in the same units
such as inches or millimeters.

17.3.3 On exceeding both of the limits in 17.3.1, the load shall be removed or reduced.


https://ulnorm.com/api/?name=UL 1709 2022.pdf

