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The National Institute of Standards and Technology (NIST) has conducted
research in its large fire facility since it was originally commissioned in 1975. The
laboratory was greatly expanded in size and capability in 2015 to enable research
on the response of real-scale structural systems to realistic fire and mechanical
loads. Now called the National Fire Research Laboratory' (NFRL), shown in
Figure 1, the building consists of 3800 m> (40,500 ft*) of laboratory space, a
strong floor/strong wall combination to support and load components or systems
to be tested, and an Emissions Control System (ECS) to treat smoke and combus-
tion products. The ECS reduces smoke particulates, acid gases and organic com-
pounds to comply with local environmental requirements. The NFRL conducts
experiments to quantify the performance of large-scale structural systems, assem-
blies or components, loaded mechanically to simulate in-service conditions, and
exposed to realistic fires. The facility allows structures, ranging in size from small
components to large systems, such as buildings up to two full stories in height and
2 bays x 3 bays in plan, to be tested under growing fires up to 20 MW using nat-
ural gas, liquid hydrocarbons, wood cribs, or actual building contents. Applica-
tion of mechanical loads and restraint of motions using hydraulic actuators allows
experiments to be conducted to the point of incipient local or global collapse.

The NFRL has developed infrastructure to support physical measurements with
well-quantified uncertainty necessary for conducting this research, including a
wide range of high throughput data acquisition tools to view, record and stream
live measurement results. The measurement systems support a wide range of data
types and scan rates including high definition video data. The NFRL maintains
four large fire calorimeters to measure the heat release rate of fires ranging from
20 kW to 20,000 kW. Measurements of temperature, heat flux, strain, force and

* Correspondence should be addressed to: Matthew Bundy, E-mail: matthew.bundy@nist.gov
! http://www.nist.gov/el/fire_research/nfrl.cfm.
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Figure 1. Photograph of the National Fire Research Laboratory.

displacement are conducted to characterize the behavior of the structures in a fire.
Experiments in the NFRL are being designed to provide the key technical infor-
mation and data necessary to advance performance-based design of structures
exposed to realistic fire conditions.

2. Motivation for Constructing the NFRL

The collapse of the World Trade Center buildings in 2001 revealed the need for a
better understanding of the influence of fire on the integrity of modern buildings
and structures. In its investigation into the collapse of World Trade Center
(WTC) 7 [1], NIST found that fire-induced failure of the composite floor system
on several floors resulted in the loss of lateral support to a critical column leading
to buckling of that column and eventual collapse of the entire building. Large
scale experiments of steel framed construction employing composite floor systems
have generally involved relatively modest bay sizes and regular framing plans. The
final report from the investigation emphasized the critical need for a facility such
as the NFRL to help understand the limitations of the current prescriptive
approach to protecting steel structures from the effects of fire.

Since 2001, the fire, structural engineering and standards communities have con-
ducted numerous workshops and studies to identify specific technical challenges
and research needs to develop a more science-based approach to fire as a struc-
tural load [2, 3]. A study was conducted by the National Fire Protection Associa-
tion (NFPA) [4] that consisted of a literature review of recent experimental
programs, input from the structural fire engineering community, and a 1 day
research needs workshop with participants from a broad spectrum of stakehold-
ers. This study found that “The NFRL presents a unique opportunity to explore a
broad range of unanswered questions regarding the performance of real structures
in the fire condition, and to inform performance based design methods and stan-
dards in this field....”



Author Proof

69
70
71
72
73
74
75
76
77
78

79
80
81
82
83
84
85
86
87

88

89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

G Journal : 10694_FIRE Dispatch : 30-11-2015 Pages: 7
O LE O TYPESET
o

MSNO: 544 W cP ® DISK

Structural Fire Experimental Capabilities in NIST National Fire Research...

NIST recently partnered with the Conseil International du Batiment (CIB — In-
ternational Council for Building), hosting a workshop bringing together stake-
holders from around the world to develop a research roadmap to enable a
performance-based approach to the fire resistance design of structures. The work-
shop report [5] states that new knowledge on the behavior of structural compo-
nents and systems must be based upon a fundamental understanding of the
behavior at high strains and temperatures of key materials used in construction,
including steel, concrete, and timber.

The following objectives of the research conducted in the NFRL are specifically
selected to address these past recommendations:

e Test the performance of full-scale structures subjected to realistic fires and
structural loading under controlled laboratory conditions.

e Develop an experimental database on the performance of large-scale structural
connections, components, subassemblies, and systems under realistic fire and
loading.

e Validate physics-based models to predict fire resistance performance of struc-
tures.

e Enable performance-based standards for fire resistance design of structures and
foster innovations in design and construction.

3. Capabilities and Specifications

A sectional view of the laboratory space depicting the size and location of the
strong floor is shown in Figure 2. The 18.3 m x 27.4 m (60 ft x 90 ft) strong
floor is post-tensioned, supported on nine-cell reinforced concrete box girders with
406-mm (16 in) thick shear walls at 3.0 m (10 ft) on center. The ceiling height of
the basement is 2.7 m (9 ft). The strong floor thickness is 1.2 m (4 ft). The top
0.15 m (6 in) layer of the strong floor can be repaired or replaced without affect-
ing the strength of the floor. The anchors and sleeves are embedded into the
strong floor at a grid spacing of 0.61 m x 0.61 m (2 ft x 2 ft). The inside diame-
ter of each sleeve is 76 mm (2.9 in). The allowable load per anchor point is 445
kN (100 kips), the allowable shear capacity is 222 kN (50 kips) at the top of the
slab, and the allowable moment capacity per anchor point is 136 kN m (100 ft
kips) at the center of gravity of the strong floor. The strong floor and wall were
designed to accommodate several load cases using finite element analysis software.
Loading outside of the design envelope will require additional analysis to ensure
safe loading of the strong floor and wall. The specified overall floor flatness, F(f)
was 45 and the specified overall floor levelness, F(I) was 35 in accordance with
ASTM E 1155 [6]. Careful surface grinding was required to meet the flatness spec-
ification. A conditioning pit (12.2 m x 11.0 m by 3 m deep) is available near the
east wall of the laboratory floor for drying concrete to a desired extent prior to
assembly and exposure to the fire, and without impacting operating floor space.
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Figure 2. Section view of expanded NFRL.

Figure 3. Test structure being assembled on strong floor.

The strong wall is located along the north side of the strong floor (see Fig-
ure 2).The wall can be used to provide lateral restraint, or to laterally load a
structure, for example, to simulate earthquake damage. The wall is 9.1 m high x
18.3 m wide (30 ft high x 60 ft wide) and 1.2 m (4 ft) deep post-tensioned con-
crete with anchor points on a 0.61 x 0.6l m (2 ft x 2 ft) grid. The wall is
designed to handle a horizontal load of 146 kN/m (10 kips per linear ft) at 9.1 m
(30 ft) above the floor. Figure 3 shows a test structure being assembled on the
strong floor with restraint provided by the strong wall and external bracing.

Two 78 kN (20 ton-force) bridge cranes sharing a single set of rails are located
11.2 m (36 ft-8 in) above the floor, providing a 9.8 m (32 ft) clearance from the
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Figure 4. Actuator mounted on yoke located in basement underneath
strong floor.

bottom of the bridge to the floor. Gravity loading can be applied to a structural
specimen using a combination of hydraulic actuators and dead weight fixed loads.
The configurable hydraulic loading system consists of a 340 lpm (90 gpm) hydrau-
lic power unit, manifold and controller, and double acting actuators with 762 mm
(30 in) stroke. The lab is currently outfitted with eight hydraulic actuators that
have a capacity of 240 kN (55 kip) in tension and 365 kN (80 kip) in compres-
sion; two actuators are rated at 445 kN (100 kip) tension, 650 kN (145 kip) com-
pression; and two can handle a tensile load of 956 kN (215 kip) and compression
load of 1470 kN (330 kip). These actuators can be mounted in the basement,
away from the heat, to pull down on the structure using the custom-designed
yokes seen in Figure 4.

A 13.7m x 152 m (45 ft x 50 ft) insulated steel hood is located 12.5 m (41 ft)
(excluding skirts) above the strong floor to capture the fire effluents for quantifica-
tion of the heat release rate as a function of time. The hood is equipped with
retractable side skirts that can be lowered 6 m (20 ft) below the lower edge of the
hood.

The side skirts can be deployed at a variable height to improve smoke capture
and can be retracted to allow crane operation. A 2.44 m (8 ft) diameter exhaust
duct runs from the hood horizontally across the roof where an instrumentation
station measures gas concentrations (CO,, CO, O,), temperature, and velocity,
from which the heat release rate can be determined. The roof duct layout was
designed to provide more than 10 diameters of straight run to create a well-devel-
oped flow field the measurement station. The expanded building and oxygen
depletion calorimeter have been designed to withstand a continuous 20 MW fire
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Figure 5. Calibration burner under 20 MW hood.

for up to four hours. The original lab contains three large fire calorimetry hoods
with a heat release rate capacity of 1 MW, 3 MW, and 10 MW. The smoke and
combustion by-products are processed using an after-burner, acid-gas spray dryer
absorber (SDA), and bag house rated at a maximum flow of 5100 m®/min
(180,000 cfm). Four 186 kW (250 HP) induced draft fans are used to generate the
required exhaust flow. Fresh make up air is supplied to the lab through 12 intake
vents that can be independently controlled. These vents are located around the
perimeter of the lab near the ceiling. The ECS is capable of treating 5.4 kg/h of
hydrochloric acid gas and removing 180 kg/h of particulate soot. Figure 5 shows
the hood with the retractable skirts in the down position and a 10 MW fire pro-
duced with the NIST natural gas burner, a specially designed apparatus that pro-
vides a dynamically controlled flow of natural gas, enabling evaluation of the heat
release rate measurement system.

Corrugated metal heat shields backed with 38 mm (1.5 in) of mineral wool fiber
insulation board are used to reflect radiant heat from the fire and protect the build-
ing columns and crane rails. The ceiling space above the 20 MW fire hood is pro-
tected for potential exposure to hot gasses. The ceiling consists of sprayed fire-
resistive material on the structural steel enclosed by a layer of insulated sheet metal
and a ceramic tile drop ceiling. Viewing windows from the second floor observation
conference room and control room are protected by a metal drop curtains that can
be deployed manually or heat activated by a fused link. The control room provides
a safe area to observe and operate experiments with direct emergency egress to the
outside. The laboratory water deluge fire suppression system consists of eight fire
monitor nozzles and an overhead deluge sprinkler system that can deliver up to
11350 L/min (3000 GPM) using diesel fuel powered water pumps. The fire monitor
nozzles are aimed at the area below the fire hoods. During fire experiments, the del-
uge suppression system can be activated using manual pull stations. Infrared flame
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detectors and linear beam smoke detectors are used to activate the deluge suppres-
sion system when fire experiments are not being performed.

4. Summary

The NFRL is led, managed, and operated by the NIST Engineering Laboratory.
Research conducted in the NFRL supports the Engineering Laboratory mission to
promote US innovation and industrial competitiveness in areas of national prior-
ity by anticipating and meeting the measurement science and standards needs for
construction and structural systems. This laboratory provides an opportunity for
the structural fire research community to undertake experimental research previ-
ously considered not possible. Scientists and engineers from industry, academia,
and government agencies are invited to collaborate with NIST researchers on pro-
jects to address significant technical problems and fill critical knowledge gaps.
International scientists and engineers are welcome to partner with NIST in areas
of mutual interest.
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