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FOREWORD 

The First Responder Technologies Division (R-Tech) is part of the U.S. Department of Homeland 
Security (DHS) Science and Technology Directorate’s (S&T’s) First Responders Group. R-Tech works 
closely with the nation’s emergency response community to identify and prioritize mission capability 
gaps, and to facilitate the rapid development of critical solutions to address responders’ everyday 
technology needs. 

R-Tech gathers input from local, tribal, territorial, state and federal first responders, and engages 
them in all stages of research and development—from building prototypes to operational testing to 
transitioning tools that enhance safety and performance in the field—with the goal of advancing 
technologies that address mission capability gaps in a rapid time frame, and then promoting quick 
transition of these technologies to the commercial marketplace for use by the nation’s first 
responder community. 

As R-Tech projects near completion, the National Urban Security Technology Laboratory (NUSTL) 
conducts an operational field assessment (OFA) of the technology’s capabilities and operational 
suitability to verify and document that project goals were achieved. NUSTL’s OFA reports are posted 
on the First Responder Communities of Practice website—a professional networking, collaboration 
and communication platform created by DHS S&T to support improved collaboration and information 
sharing amongst the nation's first responders. This vetted community of members focuses on 
emergency preparedness, response, recovery and other homeland security issues. To request an 
account, complete the online form on communities.firstresponder.gov/web/guest/home. Publicly 
released OFA reports are also available at www.dhs.gov/science-and-technology/frg-publications. 

Visit the R-Tech website at http://www.dhs.gov\science-and-technology\first-responder-technologies 
for information on R-Tech projects. 

Visit the NUSTL website at http://www.dhs.gov/science-and-technology/national-urban-security-
technology-laboratory for information on NUSTL projects. 

  

http://www.communities.firstresponder.gov/web/guest/home
http://www.dhs.gov/science-and-technology/frg-publications
http://www.dhs.gov/science-and-technology/first-responder-technologies
http://www.dhs.gov/science-and-technology/national-urban-security-technology-laboratory
http://www.dhs.gov/science-and-technology/national-urban-security-technology-laboratory
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EXECUTIVE SUMMARY 

Structural firefighters wear turnout ensembles consisting of various components of personal protective 
equipment (PPE), including a coat, pants, hood, gloves, boots, helmet and self-contained breathing 
apparatus. Combustion products and aerosolized particles can infiltrate turnout gear through interfaces 
between these components and through garment closures, which could expose firefighters’ skin to 
toxicants and carcinogens. To address this, the U.S. Department of Homeland Security (DHS) Science and 
Technology Directorate’s (S&T’s) First Responders Group Responder Technologies Division sought to 
enhance PPE to reduce the risk of skin exposure.  

The Smoke and Particulate Resistant Structural Turnout Ensemble (SRT) was developed by North 
Carolina State University’s Textile Protection and Comfort Center in partnership with the turnout gear 
manufacturer, LION First Responder PPE, Inc. (LION). The SRT consists of two concept designs. Each SRT 
concept adds the Nano Flex™ particulate filtration material to the LION V-Force® turnout ensemble. 
Concept 1 integrates Nano Flex into the jacket wristlets, an attached skirt and into calflets on the pants. 
Concept 2 includes a redesigned pant with a detachable bib and suspenders for torso protection, and 
integrates Nano Flex at the calflets and jacket wristlets (with no skirt). The SRT concepts are certified to 
the National Fire Protection Association 1971 “Standard on Protective Ensembles for Structural Fire 
Fighting and Proximately Fire Fighting” 2013 Edition.  

DHS S&T’s National Urban Security Technology Laboratory (NUSTL) conducted an operational field 
assessment (OFA) of the SRT concepts on August 24, 2017, at the Federal Emergency Management 
Agency National Fire Academy in Emmitsburg, Maryland. During the OFA, the developers presented the 
results of laboratory testing for particulate infiltration and thermal properties of the two SRT concepts. 
Three evaluators were instructed on how to don and doff the SRT concepts; donning was timed once they 
were familiar with the process. Wearing each SRT concept, evaluators performed typical firefighting 
activities in operational scenarios to assess the SRT’s comfort and usability. These scenarios 
incorporated a fire hose, sledge hammer, weighted mannequin, ladders and a previously burned 
structure containing soot, debris and scorched remains of household furnishings. The evaluators wore 
their own boots, helmet and gloves with the SRT concepts, and for some of the activities, they wore a self-
contained breathing apparatus air tank. 

The evaluators generally agreed the two SRT concepts are acceptable for use. Both were found to be 
comparable to currently issued turnout gear in their range of mobility, comfort and usability, and 
evaluators suggested enhancements to increase comfort and flexibility. While evaluators had some 
difficulty staging their boots due to the additional calflet material and variations related to their boots’ 
construction material, they believed they would adapt to the new staging techniques and be able to don 
the SRT concepts as efficiently as currently issued gear. Two evaluators preferred Concept 1 as it was 
most similar to their current turnout gear, and it did not seem to increase body temperature when worn. 
The other evaluator preferred Concept 2, believing the bib provided additional torso protection in case 
the jacket rose up. The evaluators expressed interest in particulate testing of the SRT concepts when wet 
to determine if particulate penetration varies with moisture. Additionally, they recommended testing after 
multiple launderings to ensure continued protection throughout the garments’ lifecycle. 

Throughout the OFA, the evaluators expressed strong concerns about the risk of cancer to firefighters 
and the need for better protection from particulate exposure. Based on the laboratory test results 
demonstrating reduced particulate infiltration and the activities performed during the OFA, the evaluators 
believed that the SRT concepts would help to mitigate these concerns in the firefighting community. 
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1.0 INTRODUCTION 

Structural firefighters wear turnout ensembles that consist of various components of personal 
protective equipment (PPE), including a coat, pants, hood, gloves, boots, helmet and self-contained 
breathing apparatus (SCBA). Combustion products and aerosolized particles can infiltrate turnout 
gear through interfaces between these components and through garment closures, which could 
expose firefighters’ skin to toxicants and carcinogens. To address this capability gap, the U.S. 
Department of Homeland Security (DHS) Science and Technology Directorate (S&T) First Responder 
Group’s (FRG’s) First Responder Technologies Division (R-Tech) sought technology developments 
that would reduce the exposure to particulates by providing a passive form of protection against 
hazardous toxins and carcinogens at PPE interfaces. 

In 2015, R-Tech awarded a contract to North Carolina State University’s Textile Protection and 
Comfort Center (NC State T-PACC). NC State T-PACC partnered with the turnout gear manufacturer, 
LION First Responder PPE Inc. (LION), to develop two distinct Smoke and Particulate Resistant 
Structural Turnout Ensemble (SRT) concept designs with the goal of reducing the risk of toxicant and 
carcinogen skin absorption through component interfaces. Each design adds the Nano Flex™ 
particulate filtration material to the LION V-Force® turnout ensemble. Nano Flex is designed to serve 
as a filter to reduce exposure to carcinogens and contaminantsi. Concept 1 integrates Nano Flex into 
the V-Force® jacket wristlets, an attached skirt and into calflets on the pant. Concept 2 uses a 
different jacket, with Nano Flex wristlets but no skirt, and provides additional torso interface 
protection through a redesigned pant with a detachable bib and suspenders and different boot cuff 
interfaces. Concept 1 allows for standard donning and staging procedures, while Concept 2 requires 
extra steps in the donning process, including Velcro® systems at the bib section. 

The SRT concept designs have been subjected to several different laboratory tests. In July 2016, NC 
State T-PACC conducted aerosol testing at Research Triangle Institute (RTI) International in Raleigh, 
North Carolina, using RTI’s Fluorescent Aerosol Screening Test (FAST). FAST offers visualization of 
aerosol infiltration and deposition patterns as a means of detecting penetration points in protective 
clothing ensembles. Other laboratory tests conducted on the SRT concept ensembles were 
compared to the V Force baseline garment using a specialized mannequin instead of human 
subjects. A thermal/flashfire test characterized total body burn potential, a “Sweating Manikin” 
quantified expected total heat loss (comfort) levels and a “Man-In-Stimulant-Test” provided a 
measure of chemical vapor infiltration. The SRT concepts tested during the OFA are certified to the 
National Fire Protection Association (NFPA) 1971 “Standard on Protective Ensembles for Structural 
Fire Fighting and Proximately Fire Fighting” 2013 Edition.  

On August 24, 2017, the National Urban Security Technology Laboratory (NUSTL) conducted an 
operational field assessment (OFA) on the two SRT concept designs. During this OFA, three 
firefighters from fire departments in California, Illinois and Maryland served as evaluators and 
engaged in various physical activities while wearing the SRT concept designs to provide feedback on 
the comfort, suitability and usability of the SRTs when used in operational settings.  

                                                 
i DuPont™ Nomex® Nano Flex material is described as a “highly breathable, flame-resistant material with exceptional 
elasticity and superior barrier performance [that] results in up to a 4X increase in particle barrier efficiency.” See 
www.dupont.com/products-and-services/personal-protective-equipment/thermal-protective/brands/nomex.html. 

http://www.dupont.com/products-and-services/personal-protective-equipment/thermal-protective/brands/nomex.html
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This report describes the OFA activities performed, the results from those activities and the 
evaluators’ feedback.  

1.1 PURPOSE  

The purpose of the OFA was to assess the two SRT concepts’ performance for operational use by 
firefighters. 

1.2 OBJECTIVE  

The objective of the OFA was to obtain firefighters’ feedback on the two SRT concepts when used 
during activities that mimic operational conditions. The OFA was designed to assess:  

• Usability (i.e., flexibility and range of motion) by firefighters during typical field 
operations; 

• Comfort when performing various manual tasks; and 

• Donning and doffing procedures as compared to current turnout gear. 

1.3 PARTICIPANTS  

Table 1-1 lists the SRT OFA participants. 

Table 1-1 SRT OFA Participants 

Role Organization 
Evaluator Chicago Fire Department (Illinois) 

Evaluator Montgomery County Fire & Rescue (Maryland) 

Evaluator San Diego Fire Department (California) 

Subject Matter Expert Observer International Association of Fire Chiefs (IAFC) 

Subject Matter Expert Observer Frederick County Division of Fire & Rescue Services 

Venue Host and Observers Federal Emergency Management Agency 
National Fire Academy 

Program Managers and Support Staff DHS S&T FRG R-Tech 

OFA Director and Data Collectors DHS S&T FRG NUSTL 

Technology Developers NC State T-PACC  
LION First Responder PPE Inc. 

Observers 
DHS S&T FRG R-Tech 
DHS S&T Communications, Outreach and Responder 
Engagement (CORE) 

Photographer/Videographer DHS S&T CORE 
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1.4 REQUIREMENTS  

Table 1-2 SRT Requirements Matrix summarizes the requirements that the two SRT concepts 
were expected to achieve. These requirements were drawn from project documents, including the 
solicitation, Increase Exposure Protection at Site of Structural Firefighter PPE Interfaces 
Statement of Objectives ii, and subsequent design review reports. 

Table 1-2 SRT Requirements Matrix 

Category Requirement Test Method 

Protection* 

• Reduce the risk of skin absorption of harmful toxins and 
carcinogens at the site of turnout gear interfaces (e.g., hood to 
coat, collar, waist to pants, pants to boots) 

• Provide passive protection every time gear is donned 
• Provide particulate protection; performance tests to measure the 

penetrability of particles through the turnout gear and interfaces to 
follow American Society for Testing and Materials (ASTM) F1215 

• Meet appropriate NFPA standards (1971, 1851, 1992, 1994)  
• Non-toxic/Hypoallergenic 

• Previous test results were 
presented at the OFA by NC State 
T-PACC 

• The SRT Concept garments tested 
during the OFA have been 
certified to the NFPA 1971 
“Standard on Protective 
Ensembles for Structural Fire 
Fighting and Proximately Fire 
Fighting” 2013 Edition 

Comfort 

• Allow for the full range of motion for firefighting activities without 
restricting movement or irritating the skin 

• Does not increase the potential for heat stress injuries 
• Weigh the same or less than current ensemble; maximum increase 

is 16 ounces 

• OFA 

Usability 
• Don and doff with the same effort as existing turnout gear 

ensemble 
• Donning does not take much longer than existing turnout gear 

• OFA 

1.5 PROTOTYPE DESCRIPTION  

NC State T-PACC partnered with the turnout gear manufacturer, LION, to develop two distinct SRT 
concept designs with the goal of reducing the risk of toxicant and carcinogen skin absorption 
through component interfaces. Concept 1, shown in Figure 1-1, integrates Nano Flex into the LION 
V-Force jacket wristlets, an attached skirt and into calflets on the pant. Concept 2, shown in Figure 
1-2, uses a different jacket with Nano Flex wristlets but no skirt, and provides additional torso 
interface protection through a redesigned pant with a detachable bib and suspenders and 
different boot cuff interfaces. Concept 1 allows for standard donning and staging procedures, 
while Concept 2 requires extra steps in the donning process, including a Velcro system at the bib 
section. A commercial-off-the-shelf hood, although not part of the SRT concept designs, was used 
in conjunction with the SRT concepts during the OFA. 

                                                 
ii (U. S. Department of Homeland Security, Science and Technology Directorate, November 2014) 
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Figure 1-1 Concept 1 SRT 

 

 
Figure 1-2 Concept 2 SRT 
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2.0 OPERATIONAL FIELD ASSESSMENT DESIGN 

2.1 EVENT DESIGN 

The test venue was the Federal Emergency Management Agency’s (FEMA) National Fire Academy 
(NFA) in Emmitsburg, Maryland. The NFA provided the props and structures necessary to mirror 
the physical motions and activities that firefighters typically engage in during a real-world 
response. OFA consisted of eight activity stations, summarized in Table 2-1 and shown in Figure 2-
1 through Figure 2-9. Evaluators were instructed to assess the two SRT concepts’ comfort and 
usability based on their experience and typical physical motions they would use in day-to-day 
operations in similar scenarios. 

The operational scenarios were set up at the NFA’s burn range, an outdoor training area 
consisting of rows of cinderblock buildings configured with furniture and props that are designed 
for use in live-fire training programs. No live-fires were used in this OFA; however, a previously 
burned structure outfitted as a three-room apartment was used for two of the OFA activities–a 
simulated search and a pike pole ceiling/wall breach. The burned structure contained soot, debris 
and scorched remains of typical household furnishings, including appliances, decor, furniture and 
kitchenware, as well as drywall and ceiling panels. The burnt apartment contents were dry and 
completely cooled to ambient temperature. 

Other activities took place in adjacent outdoor areas of the burn range using ladders, a fire hose, 
a sledge hammer and a weighted mannequin. Donning and doffing activities were conducted 
inside a nearby air-conditioned building. Group discussions were held in an indoor classroom in a 
separate building. 

Evaluators wore their own boots, gloves and helmets with both SRT concepts; uncharged SCBA 
tanks were worn to provide weight during some of the activities. Additionally, air particulate dust 
masks and safety goggles were used during the search and ceiling breach activities, and safety 
goggles were used during forcible entry. After the evaluators completed all activities wearing each 
of the SRT concepts, a fire hose was used to wet the SRTs, both front and back, before some of 
the activities were repeated. The individual evaluators chose which activities were repeated while 
wearing the wet SRT concepts. Full details on the event design are described in the Smoke and 
Particulate Resistant Structural Turnout Ensemble Operational Field Assessment Planiii. 

                                                 
iii (U.S. Department of Homeland Security, Science and Technology Directorate, National Urban Security Technology 
Laboratory, July 2017) 
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Table 2-1 Summary of Activities Performed During the OFA 

Activity Task 

Training/Donning/Doffing Timed donning of SRTs 

Stair Climb Ascend and descend a 50-foot staircase 

Rescue Mannequin Drag a rescue mannequin 10 feet and return; repeat forward 
and backward 

Forcible Entry Swing a sledge hammer at a wooden pallet 

Search  Crawl on hands and knees through the burned structure 
containing debris, soot and ash 

Ceiling Breach and Pull  Use a pike pole to breach the ceiling and walls of the burned 
structure 

Ladder Carry and Raise Carry a 16-foot extension ladder 100 feet, then raise it against a 
wall and climb 

Hose Drag Drag a 100-foot fire hose by the nozzle 75 feet, make 90-degree 
turn and drag another 25 feet 

 

 
Figure 2-1 Donning 

After familiarizing themselves with the procedures for donning and doffing both SRT concepts, the evaluators were timed 
donning both SRTs and their current gear. 
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Figure 2-2 Stair Climb 

The stair climb activity used motions involving the legs, knees, 
hips and ankles. 

Figure 2-3 Ladder Carry and Raise 

Firefighters raised and shoulder-carried a ladder to 
assess padding and working with their hands 

overhead, before climbing another ladder for more 
leg activities. 

Figure 2-4 Forcible Entry 

Swinging a sledge hammer tested a wide range of 
motion of the torso, shoulders, wrists and elbows. 

Figure 2-5 Rescue Mannequin 

Dragging a 165-pound mannequin simulated 
rescue tasks using arms, shoulders, elbows, 

wrists and legs. 
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Figure 2-6 Ceiling Breach 

Firefighters used a pike pole to pull down ceiling and 
dry-wall using a wide range of motions and muscles. 

Figure 2-7 Hose Drag 

Dragging an uncharged hose a distance of 75 feet and around a 90-
degree corner involved arms, shoulders and upper body motions. 

Figure 2-8 Search / Crawl 

In the simulated search activity, evaluators crawled 
and zig-zagged through soot and debris. 

Figure 2-9 Wet Testing 

A fire hydrant hose was used to wet the SRT. Evaluators opted to 
include this because they noted that their gear typically gets soaked 

during routine operations. 
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2.2 SCOPE AND LIMITATIONS 

The OFA had three main components:  

• Introductory classroom presentation;  

• Evaluator execution of operational scenarios; and 

• Feedback questionnaire completion followed by a group discussion.  

Additionally, participants were given the opportunity to provide constant verbal feedback during 
each portion of the assessment. 

The available prototype sizes were a limiting factor in this OFA. While LION’s standard 
commercially available turnout gear can be fitted for individual firefighters, the prototypes of each 
of the two SRT concepts were not custom-fit to the evaluators. For the OFA, each evaluator tried 
on the available SRT sizes and wore the one that fit best. The prototypes’ fits were adequate, but 
one of the evaluators would have preferred a larger size for Concept 2 because of the bib. 

Variations in the evaluators’ currently issued turnout gear were also a factor when comparing it to 
the two SRT concepts. For example, the stiffness of the boot material can affect donning 
procedures for the SRT concept calflets, and hook and eye and D-ring closures tend to take longer 
to fasten than zipper closures. Suspenders are also a factor in fit; while Concept 1 has suspender 
buttons on the pant waistband, suspenders were not included in the protypes tested at the OFA. 
Details about each evaluator’s currently issued gear, along with the size of the SRT concepts worn 
for the OFA, can be found in Table 2-2.  

Table 2-2 Evaluators’ Turnout Gear 

Evaluator 

SRT Concept Size Currently Issued Turnout Gear Details 

Concept 1 Concept 2 
Pant 
Size 

Jacket 
Size 

Jacket 
Closure Boots Suspenders Pant 

Size 
Jacket 
Size 

Pant 
Size 

Jacket 
Size 

1 38 46 38 46 38 L 48 x 32 R Hook 
and eye Leather Yes 

2 38 46 38 46 40 x 32 48 x 35 Hook 
and eye 

Leather/rubber 
combination No 

3 36 44 36 44 34 44 
Zipper 

and  
D-rings 

Rubber Yes 

2.3 DEVIATION FROM THE ASSESSMENT PLAN 

The planned agenda scheduled a lunch break between tests of Concept 1 and Concept 2 SRTs; 
however, once testing began, all the evaluators wanted to test both concepts before lunch. Also, 
the choice of wet test activity was selected by the individual evaluators so each could test the SRT 
concepts based on their typical response operations. For example, the stair climb activity was 
selected to mimic high-rise emergencies. 
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3.0 RESULTS 

After each activity, the evaluators were asked to rate the SRT for comfort and usability as follows: 
Acceptable, Neutral or Unacceptable. Acceptable meant the evaluators did not feel a difference 
between the SRT concepts and their standard issue turnout gear. Neutral meant the evaluators felt a 
difference, but it did not impede their activities. Unacceptable meant the evaluators felt a difference 
and it impeded their comfort or usability. Overall, their feedback indicated a very favorable 
impression of both SRT concepts throughout all activities. As shown in Table 3-1, no unacceptable 
ratings were reported. The evaluators also offered more detailed comments about their experiences 
during the activities, which are captured in Sections 3.1 and 3.2. Additional feedback from the group 
discussion is reported in Section 3.3. 

Table 3-1 Evaluator Questionnaire Responses 

Survey Statement 
Concept 1 Evaluator Concept 2 Evaluator 

1 2 3 1 2 3 

Training/Donning/Doffing                             Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Stair Climb 
Comfort Neutral Neutral Acceptable Acceptable Neutral Acceptable 

Usability Neutral Acceptable Acceptable Acceptable Acceptable Acceptable 

Rescue 
Mannequin  

Comfort Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Usability Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Forcible 
Entry 

Comfort Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Usability Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Search  
Comfort Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Usability Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Flexibility Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 
Ceiling 
Breach and 
Pull 

Comfort Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Usability Acceptable Acceptable Acceptable Acceptable Acceptable Neutral 

Ladder Carry 
and Raise 

Comfort Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Usability Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Hose Drag 
Comfort Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 

Usability Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 
Comparison 
to Current 
Turnout 
Gear 

Comfort Acceptable Acceptable Acceptable Acceptable Neutral Acceptable 

Usability Acceptable Acceptable Acceptable Acceptable Neutral Acceptable 

Flexibility Acceptable Acceptable Acceptable Acceptable Neutral Acceptable 

Color-coded Cells: Acceptable Neutral Unacceptable 
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3.1 DONNING AND DOFFING 

Table 3-2 compares the time it took each evaluator to don their currently issued turnout gear with 
each SRT concept. 

Table 3-2 Donning Times Comparison 

Evaluator 
Donning Time (seconds) Difference with Current Gear 

(seconds) 
Current 

Turnout Gear Concept 1 Concept 2 Concept 1 Concept 2 

1 41 47 54 6 13 

2 17 35 41 18 24 

3 47 46 55 -1 8 
 

As shown in Table 3-2, it took Evaluators 1 and 2 longer to don Concept 1 than their currently 
issued turnout gear, while Evaluator 3 was able to don the Concept 1 faster than his current 
issued gear. Evaluator 3 attributed this to his currently issued jacket including both a zipper and D 
rings, while the SRT jacket has only a zipper closure. As shown in the last column, it took longer 
for each of the three evaluators to don Concept 2 than their currently issued gear. Evaluator 2 
noted that the donning times may reflect a difference in sizing since his currently issued turnout 
gear was a larger size than the available SRT prototypes.  

The evaluators commented on the donning and doffing procedures 
during training and practice. Several comments were related to the 
zipper when donning the Concept 2 jacket. One evaluator commented 
on an overall stiffness of the zippers and the closure around the neck, 
noting that they would likely break-in with use. While one evaluator 
commented that the zipper seemed to allow faster donning, in 
contrast another reported that he had difficulty with it since his 
standard issue jacket does not have a zipper (he is not used to 
zippering his jacket). He suggested making the zipper pull larger to 
increase ease of use. Another evaluator found it hard to see the zipper 
when looking down due to the additional material around the neck. 

Other comments related to the calflets on the pants of both SRT concepts. The evaluators found 
that the extra calflet material made the donning and doffing process more cumbersome than their 
currently issued turnout gear, and they noted that the extra material would have a slight impact on 
staging their gear ahead of time. One evaluator, who was donning with leather boots, noted that 
the extra material and/or the elastic caused the boot to close inward during staging. 

One evaluator commented that Concept 1 was easier to don than Concept 2, but not as easy as 
his currently issued turnout gear (as reflected in Table 3-2). Another evaluator also found that the 
Concept 2 bib was more difficult to don than two separate pieces, and reported that both SRT 
concepts were more cumbersome to doff than currently issued gear. 

Figure 3-1 Evaluator Zippering SRT 
Jacket 
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3.2 OPERATIONAL ACTIVITIES 

The evaluators found that both SRT concepts were comfortable and usable throughout all of the 
OFA activities.  

During the stair climb, when ascending the stairs one evaluator found that the SRT Concept 1 
pants hung low in the crotch and felt tight in the knee–he noted that suspenders, which he wears 
with currently issued gear, would probably fix that. Another evaluator initially found that the 
inseam in the Concept 2 crotch was too low and slowed his pace; after adjusting the bib straps 
and repeating the stair climb he was able to regain his standard pace, but reported that Concept 
2 was more restrictive than Concept 1. For Concept 2, another evaluator noted that there was 
bunching at the knee and a compression point at the seam above the knee, and he could feel the 
calflet pressing on the outside of his boot, which should have transitioned to his calf, during this 
activity. He did not experience this with Concept 1.  

In dragging the rescue mannequin, the same evaluator found the Concept 2 legs to be stiff and 
the compression at the knee seam to be concerning; he reported better range of motion with 
Concept 1 for this activity. In contrast, he noted that there was no knee compression experienced 
while crawling during the search activity. 

In the Forcible Entry activity, when wearing Concept 2, one evaluator found that the upper part of 
the bib pulled tight and felt compressed while swinging the hammer. While he noted that he did 
not experience that with Concept 1, he found that after swinging the sledge hammer, Concept 1 
jacket rode up and stayed up due to the elastic skirt. To continue in a protected manner, he 
needed to stop swinging the sledge hammer and pull his jacket down. The evaluator surmised 
that the jacket rise may have been attributed to incorrect sizing of the SRT jacket being worn. 

During the Ceiling Breach activity while using a pike pole, another evaluator noted that Concept 2 
felt restrictive at the arm pit. He reported that he could not raise his arms past 110 degrees and 
had to turn his body sideways to extend his arms up high enough to breach the ceiling.  

During the Ladder Carry and Raise activity, when wearing 
Concept 1, one evaluator felt pressure at the top of the 
boot; he described a compression point at the calf, where 
the calflet and the additional material were bunched 
outside the boot, which should have transitioned to his calf. 
During the Hose Drag activity with Concept 1, he reported 
the same experience, and also noted that this was the only 
activity where he felt a compression point at the knees with 
Concept 1. 

After all the activities were completed, while still wearing 
each ensemble, additional feedback was obtained about 
overall impressions. As shown in Figure 3-2, two evaluators 
noted that the Velcro on the bib portion of Concept 2 was 
not aligned once donned, but this may be attributed to a 
sizing issue that could be addressed with proper sizing 
before actual field use. 

Figure 3-2 Alignment of the Velcro on the 
Bib of Concept 2 
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Regarding the pants, one evaluator noted that for both SRT concepts, from the time they were 
donned to the end of the activity circuit, the calflet remained on his boot and did not slip into the 
calf as intended to provide maximum protection. Another comment concerned a suggestion for 
additional testing of the high, rigid collar on Concept 1 jacket. An evaluator expressed interest in 
seeing how it would interface, or if it would interfere, with the SCBA while the regulator was on 
(not tested during the OFA). An evaluator commented that the wristlet interface fit better into his 
glove than what he was currently using. 

3.3 GROUP DISCUSSION 

During the group discussion, the evaluators discussed their experiences during the OFA activities, 
expanded on their survey feedback and discussed overall performance. Discussions centered on 
several topics: thermal comfort, weight, flexibility and mobility, donning procedures, doffing 
procedures, pros and cons for each SRT concept, suggested changes, and recommendations. 

3.3.1 THERMAL COMFORT 

The evaluators found that Concept 1 was comparable to 
their currently issued turnout gear, while Concept 2 was 
warmer. One evaluator identified two concerns related to 
thermal protection, the first being the risk of burns to the 
calf region, which was based on the data presented by NC 
State T-PACC. The evaluator stated that he wants to see 
the SRT concepts tested in live fires to gauge protection 
levels in locations where additional elastic has been 
introduced. Additionally, he suggested that NC State T-
PACC include boots on their mannequins during research 
activities for more conclusive data. Secondly, during the 
introductory presentation and training on how to don the 
SRT concepts, NC State T-PACC representatives noted that 
the calflets should be placed around the boot during the 
donning process and that during normal operational 
activities, the calflets would naturally move off the boot 
and situate on the skin. One responder indicated that 
throughout the full activity cycle, the calflets never moved from the boot to his calf. This was 
identified as a thermal concern because of the excess fabric gathering around the boot, 
resulting in extra pressure and the risk of compression burns. 

3.3.2 WEIGHT 

All evaluators agreed that the weights of Concept 1 and Concept 2 were comparable to their 
currently issued turnout gear.  

Figure 3-3 SRT Concept Calflets as 
Displayed by NC State T-PACC 
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3.3.3 FLEXIBILITY/MOBILITY OF ARMS, LEGS, TORSO AND RANGE OF MOTION 

During the discussion, the evaluators agreed that overall the fit and range of motion was 
acceptable and enabled them to complete all OFA activities. The evaluators noted key 
differences in flexibility and mobility between Concept 1 and Concept 2 as described below.  

As described in Section 3.2, one evaluator experienced the Concept 1 jacket riding up his 
torso. This was observed as a concern as it became uncomfortable to continue working with 
the jacket raised, and also limited protection at the torso. He surmised that this was due to the 
skirt and elastic incorporated into the jacket. Additionally, the evaluator was wearing an SRT 
concept that was a smaller size than his current issued turnout gear, which may have also 
contributed to the rising of the jacket.  

While wearing Concept 2, all evaluators said that the bib portion was noticeable, and they were 
physically aware of the additional garment under their jackets. One evaluator noted that while 
twisting, he could feel that it slowed down his movement. Additionally, during the Ceiling 
Breach activity, there was restriction at the arm pit and he could not raise his arms past 110 
degrees, which required him to turn his body sideways to extend his arms to breach the ceiling. 
Another evaluator noted that the straps and Velcro connections on the bib were pulling on his 
back, and he suggested using a more pliable materialiv to reduce pulling and restrictiveness on 
the back of firefighters and to increase overall comfort. 

Additionally, the evaluator who experienced the calflets remaining outside his boots, reported 
that this caused him to feel noticeable pressure around the leg in both concepts.  

3.3.4 DONNING PROCEDURES 

All evaluators determined that the donning processes for both SRT 
concepts were intuitive. All evaluators indicated that the excess 
material around the calflets (see Figure 3-3 and Figure 3-4) of both 
Concept 1 and Concept 2, made it difficult to get the boot staged into 
the SRT pants. The level of difficulty experienced varied with their 
different boot materials (leather, rubber and a leather/rubber 
combination). The evaluator with leather boots stated that because 
the boots were broken-in and the leather was softened, it was hard to 
get the boot on with the SRT around it as it sunk inward due to the 
extra material and elastic. Another evaluator thought he donned 
Concept 2 properly, but he had not. The evaluator was not aware that 
the material around his boot was bunched up until an observer noted 
it. The evaluators also noted that they want to see a larger zipper pull 
incorporated into the jackets for ease of use.  

Despite these observations, all of the evaluators stated that they 
thought they would adapt to the new staging techniques and be able 
to don the SRT concepts as efficiently as they could their currently issued turnout gear. 

                                                 
iv Following the OFA, a venue subject matter expert suggested considering using similar materials to those used for 
ballistic-resistant vest closures. 

Figure 3-4 Evaluator Staging 
the SRT with his Standard 

Issue Leather Boots 
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3.3.5 DOFFING PROCEDURES 

One of the evaluators noted that it was more cumbersome to doff both SRT concepts due to 
the extra material incorporated into the turnout gear. Another evaluator expressed concern that 
in the event that a firefighter was incapacitated while wearing Concept 2, it would be difficult to 
break him or her out of it due to the extra layers of fabric at the torso; specifically, it could not 
be cut in one pass. During the doffing process, one of the evaluators noticed an unknown 
granular substance inside of the Concept 2 jacket after completing the activity circuit that 
could not be attributed to a particular source (i.e., whether particulate entered the jacket or 
something from the evaluator’s undershirt transferred to the inside of the SRT jacket). 

3.3.6 PROS/CONS OF CONCEPT 1 

Two of the evaluators preferred Concept 1. Highlights included that they did not feel any hotter 
in it compared to their currently issued turnout gear, that the fit, form and function were good, 
and that the pants could be outfitted with suspenders for a better fit. One evaluator thought the 
zipper was an enhancement and could potentially decrease donning time after familiarization. 

3.3.7 PROS/CONS OF CONCEPT 2 

One of the evaluators preferred Concept 2 as it could provide an increased level of protection 
from general hazards, not just particulates. He gave an example of falling through a floor, which 
may result in the firefighter’s jacket raising up; with Concept 2 there would still be a secondary 
layer of protection with the bib to protect the torso. During this discussion, the evaluators noted 
that Concept 2 would likely be hotter than Concept 1 due to the extra core layers.  

3.3.8 SUGGESTED CHANGES 

The majority of the comments received during this portion of the group discussion were 
reiterated from the earlier discussion and have been consolidated below:  

• Concept 1 
— Incorporate larger zipper pulls on the jacket so that it would better fit their finger size 

and to increase ease of zipping while wearing gloves. 
• Concept 2 

— Incorporate larger zipper pulls on the jacket so that it would better fit their finger 
size. This would ensure that the jacket could be easily zipped while wearing gloves. 

— Change the straps and Velcro connections on the bib to a more pliable material, to 
potentially make it less constrictive and reduce pulling on the wearer’s back. 

— Reduce the thickness of the bib material, or utilize a more flexible fabric, such as a 
single layer of the Nano Flex material, to allow for increased breathability and 
mobility in addition to increasing effectiveness; since it is paired with an outer 
jacket, a double layer in the bib may not be needed. 

3.3.9 RECOMMENDATION OF SRT USE 

The majority of the evaluators would recommend the SRT concepts for their departments. One 
evaluator said that cancer is a major concern, and since the SRT concepts at least match the 
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equipment that his department has now and could potentially reduce exposure to particulates 
he would want his department to use them. Another evaluator stated that even if the SRT 
concepts are a little less comfortable, it is an adjustment that he believes his department 
would be willing to make. He also noted that every year firefighters leave his department due to 
cancer diagnoses, making mitigating the infiltration of toxicants and carcinogens a high priority.  

3.3.10 ADDITIONAL COMMENTS 

The evaluators stated that during the wet testing, the SRT concepts shed water very quickly 
and did not get weighed down. They stated that they would like to see the laboratory particulate 
FAST testing conducted after the SRT concepts have been laundered multiple times to ensure 
continued protection from toxicants and carcinogens throughout the garments’ lifecycles. They 
also asked NC State T-PACC to conduct the FAST test while the SRT concepts were wet to see if 
the particulate penetration rate varies between dry and wet garments. 

3.4 REQUIREMENTS ASSESSMENT 

To assess the SRT concepts’ performances against the requirements for comfort and usability, 
NUSTL analyzed data and evaluator feedback collected during the OFA. Assessment results are 
summarized in Table 3-3 below. 

Table 3-3 Summary of Requirements Assessment Results 

Category Requirement Assessment  
Method Results 

Comfort 

• Allow for full range of 
motion for firefighting 
activities without 
restricting movement or 
irritating the skin 

• Does not increase the 
potential for heat stress 
injuries 

• Weigh the same or less 
than current ensemble; 
maximum increase is 16 
ounces 

• Firefighting 
physical 
activities 
circuit 

• Wet testing 
• Use with SCBA 

• The evaluators found that both SRT concepts 
provided an acceptable range of motion following 
the activity circuits. 

• In two instances, an evaluator reported a reduction 
in range of motion: for Concept 1, the jacket rose up 
the torso while swinging the sledge hammer; and for 
Concept 2, the arm raise was limited to 110 degrees 
when using a pike pole to breach a ceiling (see 
Section 3.2). 

• No noticeable difference in range of motion 
performance between wet and dry gear. 

• Evaluators noticed an increase in internal 
temperature when wearing Concept 2. The internal 
temperature when wearing Concept 1 was 
comparable to their standard issued turnout gear. 

• Evaluators did not notice an increase in ensemble 
weight.  

Usability 

• Don and doff with the 
same effort as existing 
turnout gear ensemble 

• Donning does not take 
much longer than existing 
turnout gear 

• Timed donning 

• The calflet made the donning and doffing process 
more cumbersome than the evaluators’ currently 
issued turnout gear due to the extra material. 

• Donning times compared to current gear ranged 
from 1 second shorter to 18 seconds longer to don 
Concept 1, and from 8 to 24 seconds longer to don 
Concept 2.  
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3.5 CONCLUSIONS 

The general consensus from the evaluators’ statements indicated that the SRT concepts are 
acceptable for use and comparable to the evaluators’ currently issued turnout gear in range of 
motion, comfort and usability. Suggestions were made for enhancement of the garments to 
increase comfort and flexibility, as described in Section 3.3.8, but overall the evaluators believed 
that the SRTs would be an asset to the firefighting community based on the activities performed 
during the OFA. One evaluator stated that the OFA activities matched fire ground operations well 
and noted that the garment was at an adequate comfort level for the activities performed. 

During the assessment, the evaluators encountered difficulties staging their various types of 
boots with the SRT concepts due to the additional caflet material. While later discussing the 
donning process, all evaluators believed that they would adapt to the new staging techniques and 
be able to don the SRT concepts as efficiently as their currently issued turnout gear.   

Overall, two evaluators preferred Concept 1 as it is most similar to the turnout gear that they are 
familiar with and would not increase body temperature when worn. The other evaluator preferred 
Concept 2 as he believed it would provide additional protection from general hazards and cited an 
example of a firefighter falling through a floor. In this scenario, even if the firefighter’s jacket was 
to rise up while falling, the bib feature of Concept 2 would provide the torso extra protection. The 
evaluators expressed interest in seeing additional particulate testing conducted after the SRT 
concepts have gone through multiple launderings to ensure that the level of protection from 
toxicants and carcinogens continued throughout the lifecycle of the garments. Additionally, they 
asked NC State T-PACC to look into the possibility of conducting the FAST test while the SRTs were 
wet to see if the particulate penetration rate varies between dry and wet garments. 

Throughout the OFA, the evaluators expressed strong concerns about the risk of cancer to 
firefighters and the need for better protection to address it. One evaluator stated: “exposure to the 
particulate matter and the gas vapors … in the fire service as a whole [is huge], the cancer rates 
are just way beyond the acceptable levels and far beyond what you want to see in any industry. In 
our own department, we have quite a large number of experienced firefighters out with cancer 
right now, so this is a real important topic to us right now.” The evaluators were receptive to the 
results of the particulate testing conducted by NC State T-PACC and believed that the SRT 
concepts are a step in the right direction. The evaluators found value in conducting OFAs with the 
end users. One stated, “the opportunity to come out and test the equipment is a once in a lifetime 
opportunity and just a great experience to be in on the ground floor of the testing.”  
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Appendix A.  Observer Comments 

Subject matter experts (SMEs) representing the firefighting community and the FEMA NFA observed 
the OFA and participated in discussions. Their questions and comments are summarized below. 

Table A-1 Observer Comments 

Category Question/Comment Response/Additional Comments 

Prototype 
Construction 

• Are the SRT jackets only available with 
zipper closures, or are hook and eye 
available? 

• LION responded that the SRT concepts are 
currently only certified with the zipper closure. They 
noted that the hook and eye closures tend to have 
gaps that may allow particle infiltration. 

• Additionally, the SME observer noted that half of 
the firefighting community uses hook and eye 
closures, so this could be a limiting factor for 
acceptance. 

Prototype 
Construction 

• Can suspenders be added to Concept 
1? 

• Yes, LION noted that fasteners are currently 
available on the Concept 1 pants. 

Research • Are radio pass thrus available or have 
they been tested with the gear? 

• No, NC State T-PACC has not conducted testing on 
this topic. 

Prototype 
Construction 

• Is there room in the SRT concepts for 
optional knee and elbow pads? 

• Yes, LION responded that any add-ons that you 
could put in standard LION turnout gear could be 
incorporated into the SRT concepts. 

Prototype 
Construction 

• Can extra pockets be added to the SRT 
concepts? 

• Yes, LION responded that pockets can be 
customized without interfering with the NFPA 1971 
certification of the garment.  

Research 
• Has there been any research on this 

gear being fitted for the female 
physique? 

• NC State T-PACC responded that their research did 
not include females. 

• LION stated that they have manufactured different 
styles of turnout gear for female firefighters and 
that the same specs could be used to outfit a 
female’s turnout gear with the intent to increase 
protection from particulate penetration. 

Research 

• The observer requested that 
manufacturers and researchers 
consider incorporating females in future 
studies to assist with validation and 
broader acceptance. 

• All parties responded favorably. 
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