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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither API nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 1220 L Street, NW, Washington, DC 20005.
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

Suggested revisions are invited and should be submitted to the Director of Regulatory and Scientific Affairs, API,
1220 L Street, NW, Washington, DC 20005.
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NOTICE

Baker Engineering and Risk Consultants, Inc. (BakerRisk) made every reasonable effort to
perform the work contained herein in a manner consistent with high professional
standards.

The work was conducted on the basis of information made available by the client or others
to BakerRisk. Neither BakerRisk nor any person acting on its behalf makes any warranty
or representation, expressed or implied, with respect to the accuracy, completeness, or
usefulness of the information provided. All observations, conclusions and
recommendations contained herein are relevant only to the project, and should not be
applied to any other facility or operation.

Any third party use of this Report or any information or conclusions contained therein shall
be at the user's sole risk. Such use shall constitute an agreement by the user to release,
defend and indemnify BakerRisk from and against any and all liability in connection
therewith (including any liability for special, indirect, incidental or consequential damages),
regardless of how such liability may arise.

BakerRisk regards the work that it has done as being advisory in nature. The responsibility
for use and implementation of the conclusions and recommendations contained herein
rests entirely with the client.
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EXECUTIVE SUMMARY

The American Petroleum Institute (API) contracted with Baker Engineering and Risk
Consultants, Inc. (BakerRisk) to perform vapor cloud explosion (VCE) tests to determine
the response of tents to the potential explosion hazards that may be present at refineries,
petrochemical and chemical operations, and natural gas and other onshore process
facilities covered by OSHA 29 CFR 1910.119. The testing was conducted to provide data
for use by the API committee developing APl Recommended Practice (RP) 756,
“‘Management of Hazards Associated with Location of Process Plant Tents”.

The tests were originally designed to serve multiple purposes:

— provide data on response of tents to a variety of blast loads ranging from 0.6 psi to 1.5
psi,
— identify the failure modes for different types of tents, and

— obtain data on tent response to support estimates on the vulnerability of tent
occupants.

As the testing was performed, it became apparent that the tents being tested could
withstand higher pressures than originally envisioned. The test program was therefore
modified to accommodate the observed behavior. The development and modifications to
the scope of the test program are discussed in the report. The following three series of
tests were conducted.

— A Series — Three types of non-wind rated tents were tested with the long side of the
tents facing the blast source.

— B Series — The same types of tents were rotated 90 degrees and retested at higher
loads.

— C Series — Three types of engineered tents (designed for 90 mph 3 second wind gusts)
were tested at two different pressures.

Subsequent to the completion of the API-funded tests, BakerRisk performed two additional
tests to evaluate the DLG performance, as internal research. The response of the tents in
these internal research tests, including the response of contents added to the tents, is
discussed in this report.

The Explosion Research Cooperative (ERC) participants voted to release the data from a
series of shock tube tests performed under their sponsorship that addressed the potential
for the contents of a tent to become airborne. The data, in term of object mass and
velocity, are provided in this report.

This report presents data only and does not provide any summary or conclusions on the

acceptability of a tent siting approach.
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Process Plant Tent Responses To Vapor Cloud Explosions—Results Of The
American Petroleum Institute Tent TestingProgram

1 INTRODUCTION AND BACKGROUND

The American Petroleum Institute (API) contracted with Baker Engineering and Risk
Consultants, Inc. (BakerRisk) to perform vapor cloud explosion (VCE) tests to determine
the response of tents to the potential explosion hazards that may be present at refineries,
petrochemical and chemical operations, natural gas and other onshore process facilities
covered by OSHA 29 CFR 1910.119. The testing was conducted to provide data for use by
the APl committee developing APl Recommended Practice (RP) 756, “Management of
Hazards Associated with Location of Process Plant Tents”.

BakerRisk designed and constructed the Deflagration Load Generator (DLG) test rig used
for these tests. The test rig measures 48 ft. long by 24 ft. deep by 12 ft. tall and has three
rigid walls, a rigid roof and floor, and one open wall facing the structure being tested, as
shown in Figure 1. The interior of the rig is fitted with congestion. The test rig is filled with a
propane/air mixture and ignited, causing a VCE.

Figure 1. VCE Deflagration Load Generator Test Rig

The specific test environment is controlled through selection of fuel concentration, obstacle
geometry, and the distance between the test article and the VCE test rig. The tests were
deflagrations with moderate flame speeds such that the wave shape of the blast load
would include a rise time to the peak pressure. This type of VCE is representative of
typical accidental VCEs at industrial facilities.

The VCE deflagrations are set to vent outside the test rig, toward the test articles. The
tents were placed at a sufficient range from the test rig such that three test articles could
be tested simultaneously on each shot. The test rig was configured such that the blast
loading on the tent could be changed by varying the fuel concentration rather than
relocating the test articles.

The tests were originally designed to serve multiple purposes:
gnaty €esig Pe purp Documents
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2 API TECHNICAL REPORT 756-1

— Provide data on response of tents to a variety of blast loads ranging from 0.6 to 1.5 psi,
— ldentify the failure modes for different types of tents, and

— Obtain data on tent response to support estimates on the vulnerability of tent
occupants.

As the testing was performed it became apparent that the tents being tested could
withstand higher pressures than originally envisioned. The test program was therefore
modified to accommodate the observed behavior. The development and modifications to
the scope of the test program are discussed in Section 2 of this report. The following three
series of tests were conducted.

— A Series — Three types of non-wind rated tents were tested with the long side of the
tents facing the blast source. The results of this series of tests are presented in Section
3.

— B Series — The same types of tents were rotated 90 degrees and retested at higher
loads. The results of this series of tests are presented in Section 4.

— C Series — Three types of engineered tents (designed for 90 mph 3 second wind gusts)
were tested at two different pressures. The results of this series of tests are presented
in Section 5.

Subsequent to the completion of the API funded tests BakerRisk performed two additional
tests to evaluate the DLG performance as internal research. The response of the tents in
these internal research tests, including the response of contents added to the tents, is
discussed in Section 6.

The Explosion Research Cooperative (ERC) participants voted to release the data from a
series of shock tube tests performed under their sponsorship that addressed the potential
for the contents of a tent to become airborne. The data, in term of object mass and
velocity, are provided in Section 7.

This report presents data only and does not provide any summary or conclusions on the
acceptability of a tent siting approach.

2 OVERVIEW AND DEVELOPMENT OF THE API TEST PROGRAM
2.1 Originally Planned Test Matrix

The test series as originally planned was to include a total of twelve VCE tests using three
tents in each test. The twelve tests were divided into four test series. The test matrix as
originally planned is shown in Table 1. Each test series was to be conducted with each of

the three tents at a fixed distance from the DLG. The changes in blast loading ﬁecr)ecti)I rbr?ents
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accomplished by changing the fuel concentration in the DLG. Changing either the tent
location or type of tent would constitute a new test series. The tent locations are shown in

Figure 2.
Table 1. Originally Planned Test Matrix
Incident
Test AT Impulse
Series Test Articles Orientation (psi) (psi-ms)
(Front of P
Tents)
1 an wind-rated pole tent with 06 18
sides.
A 2 Non wind-rated pole tent without Longitudinal 0.9 27
Series sides.
3 Non_ wind-rated frame tent with 15 45
straight members.
4 0.6 18
B ,
Series 5 Same as Series A End-on 0.9 27
6 1.5 45
7 Non wind-rated frame tent with 0.6 18
curved members.
C 8 Aluminum fram(.ad tent with rigid o 0.9 27
Seri framed connections designed for | Longitudinal
eries :
90 mph winds.
9 Aluminum framed tent with slip 1.5 45
over connectors.
10 0.6 18
D ,
Series 11 Same as Series C End-On 0.9 27
12 1.5 45
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e

DLG Test Rig

175 Ft 130 Ft 75 Ft 110 Ft 150 Ft

Figure 2. Typical Test Layout Showing Tent Locations

The test matrix was modified as the testing proceeded and all changes in the test matrix
were coordinated with the APl Tent Test Steering Committee. The primary reason for
changing the test matrix was that the non-wind rated tents performed much better in Test
Series A and B than was originally expected.

2.2 Final Test Matrix

The final test matrix as completed is shown in Table 2. The changes from the originally
planned test series are as follows:

— the pressures and impulses for the Series A tests were reduced since the steering
committee was not sure if the tents would survive the originally planned pressures;

— the pressures and impulses for the Series B tests were increased due to the
performance of the tests in Series A;

— the tents tested in Series C were changed to more accurately reflect the types of tents
used at industrial facilities based on an informal poll of the RP 756 committee
members;

— the actual test pressure achieved in Test CO1 was higher than planned, but since the
tents performed well the decision was made by the committee to move the tents closer
to the rig in order to obtain more information on potential failure modes;
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— The actual test pressures achieved in Test C02 were somewhat lower than expected
but still provided valuable information on the response of the tents.

Table 2. Final Test Matrix

Test Articles  |Location| . Test Conditions
Series (All Testsin | on Test | Orientation - -
Series) Bed Test Average Incldt_ent Average Inc_ldent
Pressure (psi) Impulse (psi-ms)
Non-wind rated
pole tent with A A01 <0.1 N/A
sides
Non-wind rated
A frame tent with N
Series| sides, straight B Longitudinal | A02 0.2 12
members.
Non-wind rated
pole tent without C AO03 0.9 18
sides.
A BO1 0.4 11
B Same as Series B End-on BO6 0.7 17
Series A
C B08 1.4 16
Pole tent rated
for 90 mph A
winds.
Aluminum
framed tent with
rigid framed B
C connections
Seri designed for 90 End-On CO1 4.7 43
eries .
mph winds.
Light cable
stayed framed
tent with slip C
over connectors
rated for 90
mph winds.
[ ” H A
D” | Same as Series 5| | \nitudinal | C02 33 43
Series C
C
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6 API TECHNICAL REPORT 756-1

2.3 Instrumentation and Camera Coverage
2.3.1 Instrumentation Locations

The pressure measurement system consisted of dynamic pressure gages connected to
line-powered signal conditioners via microdots and BNC cables. The pressure sensors
were amplified by various amounts based on the expected pressure at each gage location.
Each pressure sensor was sampled by a PXI National Instruments system at 10,000
samples per second. Each pressure gage was mounted in a Yz-inch thick steel plate and
either mounted to a tent pole or placed in the ground.

Each tent was provided with pressure gages that recorded the pressures on the front of
each tent surface. Keys to the gauge locations are shown in Figure 3 and Figure 4. Gauge
4 was moved from the interior of the tent to the front face between Gauges 3 and 5 for
Tests C01 and CO02.

2.3.2 Camera Coverage

High speed cameras (1000 fps) and high definition cameras (30 fps) were used to capture
the response of each tent. Camera locations were varied to provide adequate viewing
angles according to the tent locations and lighting conditions. The video files from the high
speed cameras are provided to the API as part of the Data CD for the project.
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070

06 @
09Q 02@ 05@21 012 019
080 01® 03@04 @11 018

Figure 3. Pressure Gauge Layout — Front View of Tent — Facing Explosion

070
06
02, 05, 12
QO 09@19 021
01, 03, 11
03@® 18

Figure 4. Pressure Gage Layout — Side View of Tent
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8 API TECHNICAL REPORT 756-1

3 A SERIES TESTS
3.1 Tents Included

The three tents tested in the A series were all non-wind load rated tents. All tents had a
40 ft x 20 ft footprint and were large enough to be used for lunch tents or break tents for up
to 100 people (based on event planning guidance of 8 sq. ft per person).

The pole tent with side walls is shown in Figure 5 and was placed on the test bed at
Location A. The light framed tent with guy wires is shown in Figure 6; this tent was placed
on the test bed at Location B. The pole tent without sides is shown in Figure 7; this tent
was placed on the test bed at Location C. All tents were orientated with the long side
facing the DLG rig. There vendor’s information sheets for all three tents are provided in
Annex A.

3.2 Test Bed Layout

The tents were placed on the test bed as shown in Figure 8 with the front face of each tent
located 110 ft from the front of the DLG. The tents remained in these positions for all tests
within this series.

3.3 Results of Test A02
3.3.1 Test Pressures

The peak pressures and associated impulses recorded during the test are summarized in
Table 3. Data that was deemed suspect is marked with an asterisk (*). There was a
significant variation in the pressures measured on the front of the pole tent with sides at
test bed Location A. The full plots of the pressure data are provided in Annex B.

Test AO2 resulted in the front wall loadings of between 0.14 and 0.16 psi (excluding the
suspect data), and the average load from the test resulted in comparable loadings on each
tent, with pressures measured on the interior of the tents at about 80% of the pressure
measured on the ground at the sides of the tents. The typical pressure measured on the
front of the tents (0.14 psi) is roughly equivalent to the stagnation pressure resulting from
an 89 mph wind. The duration of the loading however; varying between 0.1 and 0.27
seconds, is much shorter than either sustained winds or wind gusts.

The data also indicates there was very little reflection of the incident pressure by the front
wall of the tent.
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A comparison of the internal pressure measured on the ground at the center of the tent
footprint and ground pressures measured on either side of the tent for each tent are shown
in Figure 9 and Figure 10. The internal pressure on the ground at the center of each tent
tracks very closely with the pressure measured outside on the ground on either side of the
tent.

Figure 6. Light Framed Tent with Guy Wires
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Figure 7. Pole Tent without Sides

BT

DLG Test Rig

175Ft 130 Ft 75 Ft 110 Ft 150 Ft

Tent B
]

Figure 8. Layout of Tents for Test Series A
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Table 3. Peak Pressures and Positive Phase Impulses Recorded for Test A02

Peak Pressures and Positive Phase Impulses — Test A02 2.7%Propane

Location & Pressure (psig) Effective Duration (ms) Impulse (psig-ms)
Gauge No. Tent A | Tent B | TentC | Tent A | TentB | TentC | Tent A | TentB | TentC
1] 014 | 015 | 015 | 171 213 173 12 16 13
Front =014 | 021 | 043 | 157 276 154 11 29 10
Ground
31 010 [ 012 | 013 | 100 100 185 5 6 12
Average 013 | 016 | 0.14 143 197 171 9 17 12
Incident Load
5 | 061 | 014 | 0.14 i 157 157 - 11 11
Front | 6 | 010 | 014 | 013 | 160 157 169 8 11 11
Wall 2| 035 | 010 | 0.14 ] 180 186 - 9 13
12 | 0.01* | 014 | 0.12 ; 157 167 - 11 10
Average Front | o5 | 43 | 013 | 160 | 165 | 174 8 10 11
Wall Load
Average
Reflection 169 | 079 | 095 | 037 | 084 | 102 | 029 | 061 | 097
Factor
Side 8 | 010 | 012 | 0.01* | 160 150 800 8 9 4
Ground | 9 | 010 | 013 | 0.13 | 200 169 154 10 11 10
_ 18 | 008 | 011 | 012 | 100 164 167 4 9 10
Side Wall
19| 009 | 014 | 0.11 178 157 182 8 11 10
Interior | 4 | 010 | 0.08 | 0.09 | 180 200 178 9 8 8
Ratio of
Interior to
Side-on Load | 100 64 129 100 125 37 100 80 114
(%)
Front |\ 2 9510 | 013 | 0.11 180 169 164 9 11 9
Roof
Back
Roof | 20 - 0.13 - - 154 - - 10 -
?/j‘gl‘l‘ 211 0412 | 013 | 010 | 167 | 154 | 140 10 10 7
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= = A08: Ground, Left

= A 04: Ground, Interior

----- A18: Ground, Right

0.3

0.2

0.1

rChd

Pressure (psig)

1.2 1.25 13

1.35 1.4

1.45

Time (sec)

1.5

1.55 1.6

Figure 9. Internal vs. External Pressure, Non-Wind Rated Pole Tent with Sides,

Test A02

= =B08: Ground, Left

=== B04: Ground, Interior

----- B18: Ground, Right

0.2

0.15

0.1

0.05

Pressure (psig)

-0.05

1.2 1.25 1.3

1.35 1.4

Time (sec)

1.45

1.5

Figure 10. Internal vs. External Pressure, Non-Wind Rated Frame Tent, Test A02

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

Full document details: API TR 756-1-2014

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/api-tr-756-1-2014
http://www.avadocuments.com/doc/api-tr-756-1-2014

PROCESS PLANT TENT RESPONSES TO VAPOR CLOUD EXPLOSIONS—RESULTS OF THE API TENT TESTING PROGRAM 13

3.3.2 Tent Response

There was no visible damage to the tents as a result of this test. The tents also displayed
little motion during the test.

3.4 Results of Test A03
3.41 Test Pressures

The peak pressures and associated impulses recorded during the test are summarized in
Table 4. The full plots of the pressure data are provided in Annex B. The test resulted in
comparable loadings on each tent, and the pressures measured on the ground at the
center of the tent footprint are somewhat reduced from the pressures measured on the
ground at the sides of the tents. The left and right sides are selected for a viewer facing the
front of the tent. A comparison of the internal pressure measured on the ground at the
center of the tent footprint and ground pressures measure on either side of the tent for
each tent are shown in Figure 11 and Figure 12.

3.4.2 Tent Response

The response of the tents to the blast loads was minimal. The pole tent with sides suffered
some tearing of the connections of the sides to the top ropes, and minor movement of the
side poles as shown in Figure 13 and Figure 14.

The light framed tent suffered one failed side panel and the bending of some frame
components as shown in Figure 15 and Figure 16. Diagrams showing the frame
deformations are provided in Figure 17 and Figure 18. Larger versions of these diagrams
are provided in Annex B.

3.5 Summary and Findings Test Series A

The response of the tents tested in the A Series Tests would not have posed a hazard to
potential occupants.

Documents

Document Sharing Hub

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

Full document details: API TR 756-1-2014


http://www.avadocuments.com/doc/api-tr-756-1-2014
http://www.avadocuments.com/doc/api-tr-756-1-2014

14 API TECHNICAL REPORT 756-1

Table 4. Peak Pressures and Positive Phase Impulses Recorded for Test A03

Peak Pressures and Positive Phase Impulses - Test A03 3.0% Propane
Location & Pressure (psig) Effective Duration (ms) Impulse (psig-ms)
Gauge No. Tent A | TentB | TentC | Tent A | TentB | TentC | Tent A | Tent B | Tent C
1 0.83 0.91 0.93 41 37 43 17 17 20
Front ~ =™ 086 | 140 | 0.70 42 29 47 18 20 17
Ground
3 0.92 1.01 1.09 36 37 33 17 19 18
Average 087 | 1.11 | 0.91 40 34 41 17 19 18
Incident Load
5 - 1.11 0.87 - 36 45 - 20 19
Front 6 0.79 0.67 0.94 39 - 38 15 - 18
Wall 2 - 0.59 0.80 - 37 43 - 11 17
12 - - 0.83 - - 40 - - 17
Average Front | 29 | 579 | 086 | 39 37 42 15 16 18
Wall Load
Average
Reflection 0.91 0.71 0.95 1 1 1 1 1 1
Factor
Side 8 0.58 0.76 0.46 45 39 42 13 15 10
Ground 9 0.58 0.83 0.80 46 35 39 13 15 16
) 18 | 0.83 1.07 0.59 37 34 45 15 18 13
Side Wall
19| 0.44 1.13 0.68 48 33 41 11 18 14
Interior 4 0.54 0.43 0.50 49 42 46 13 9 12
Ratio of
Interior to
Side-On Load 93 54 79 108 114 114 100 60 92
(%)
Front | 2 | g44 | 0903 | 074 50 37 46 11 17 17
Roof
Back
Roof 20 - 0.87 - - 51 - - 22 -
Back 1,1 067 | 079 | 053 42 43 43 14 17 12
Wall
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= =A(8: Ground,Left = A04: Ground, Interior ~  =-e-- A18: Ground, Right

0.6

Ll

0.5

0.4

03

0.2

0.1

Pressure (psig)

-0.1

-0.2 WS . o
0.88 0.9 0.92 0.94 0.96 0.98 1
Time (sec)

Figure 11. Internal vs. External Pressure, Non-Wind Rated Pole Tent with Sides,
Test AO3

— =BO08: Ground, Left =——B04: Ground, Interior  <---- B18: Ground, Right

038

Pressure (psig)

0.88 0.9 0.92 0.94 0.96 0.98 1

Time (sec)

Figure 12. Internal vs. External Pressure, Non-Wind Rated Frame Tent, Test A03
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Figure 13. Damage to Non-Wind Rated Pole Tent with Sides, Test A03

Figure 14. Rope to Wall Panel Connection, Non-Wind Rated Pole Tent w/ Sides,
Test AO3
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Figure 15. Damage to Light Frame Tent, Test A03

Figure 16. Damage to Hinge of Roof Frame Member, Light Frame Tent, Test A03
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4 B SERIES TESTS
4.1 Tents Included

The tents tested in the series B tests were the same as those tested in the A Series tests.
However, the tents were placed such that one end of the tent faced the DLG.

4.2 Test Bed Layout

The tents were located on the test bed as shown in Figure 19. The end of each tent was
110 ft from the front of the DLG. The tents remained in these positions for all of the tests
within the test series.

4.3 Results of Test B01
4.3.1 Pressures Measured

The peak pressures and associated impulses recorded during the test are summarized in
Table 5.

The full plots of the pressure data are provided in Annex C. The typical pressure measured
on the end of the tents facing the DLG was 0.37 psi. The comparison of the internal
pressure to the external pressure on the ground on each side for the pole tent with sides
and the light frame tent is shown in Figure 20.

4.3.2 Tent Response

Post-test photos of the three tents are provided in Figure 21 through Figure 25. The
deformations of all three tents are shown in Figure 26 through Figure 29. The tents only
suffered minor damage during the test. The damage to the light frame tent was primarily
due to permanent deformations of the vendor specific hinges on the long frame members.
These hinges are used to allow the long members to be shipped as a single piece that can
be unfolded to its full length when the tent is erected.
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DLG Test Rig

175 Ft 130 Ft 75 Ft 110 Ft 150 Ft

Figure 19. Layout of Tents for Test Series B
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Table 5. Peak Pressures and Positive Phase Impulses Recorded for Test B01

Peak Pressures and Positive Phase Impulses Test B01 2.8% Propane
Location & Pressure (psig) Effective Duration (ms) Impulse (psig-ms)
Gauge No. Tent A | TentB | TentC | Tent A | TentB | TentC | Tent A | Tent B | Tent C
1 0.40 0.35 0.39 55 63 62 11 11 12
Front =~ = 033 | 040 | 0.36 67 60 61 11 12 11
Ground
3 0.40 0.39 0.35 50 56 63 10 11 11
Average 038 | 0.38 | 0.37 57 60 62 11 11 11
Incident Load
5 0.32 0.43 0.37 56 56 59 9 12 11
Front 6 0.31 0.42 0.37 52 62 59 8 13 11
Wall 2 0.16 0.25 0.36 100 64 61 8 8 11
12 | 0.37 0.36 0.28 54 67 71 10 12 10
Average Front
Wall Load 0.28 0.34 0.34 69 64 64 9 11 11
Average
Reflection 0.74 0.90 0.92 1.20 1.07 1.03 0.81 0.97 0.94
Factor
Side 8 0.30 0.27 0.18 53 67 67 8 9 6
Ground 9 0.25 0.28 0.31 64 64 65 8 9 10
] 18 | 0.32 0.26 0.28 56 62 64 9 8 9
Side Wall
19| 0.18 0.36 0.19 56 56 74 5 10 7
Interior 4 0.40 0.16 - 70 75 - 14 6 -
Ratio of
Interior to
Side-On Load 145 58 - 119 115 - 175 67 -
(%)
Front | 2| 917 | 036 | 0.15 71 61 80 6 11 6
Roof
Back 150 | nA | 031 | NA ; 65 ; ; 10 ]
Roof
Back | 51| 032 | 0.28 ] 56 64 ; 9 9 ;
Wall
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Figure 20. Comparison of Internal and External Pressure — Tent B, Test B01

Figure 21. Pole Tent with Sides Post Test B01
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Figure 23. Light Frame Tent Post Test B01
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o e T

i

Figure 24. Interior of Light Frame Tent Post-Test B01

e

Figure 25. Pole Tent without Sides Post Test B01
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TENT B MODEL
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Figure 29. 3D Rendering of Frame Deformations Test B01
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4.4 Results - Test B06
4.41 Pressures Measured

The peak pressures and associated impulses recorded during the test are summarized in
Table 6. The full plots of the pressure data are provided in Annex C. The typical pressure
measured on the end of the tents facing the DLG was approximately 0.65 psi. The
comparison of the internal pressure to the external pressure on the ground on each side
for the light framed tent and the pole tent without sides are shown in Figure 30 and Figure
31, respectively. The pressure gage at the center of the pole tent with no sides failed to
register a signal.

4.4.2 Tent Response

Post-test photos of all three tents are provided in Figure 32 through Figure 38. The
deformations of all tents are shown in Figure 39 through Figure 42. The deformations of
the tents were relatively minor. However one of the proprietary connectors on the light
framed tent was cracked (the connector at the top of the tent pole in Figure 37) and had to
be repaired prior to the continuation of the test program.
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Table 6. Peak Pressures and Positive Phase Impulses Recorded for Test B06

Peak Pressures and Positive Phase Impulses Test B06 3.1% Propane
Location & Te:tress.r:r:t(ps?int Effective Duration (ms) Tlen::uls_tle_ éEtSIg-n-:-::,t
G No.
auge No A B c TentA | TentB | TentC A B c
11 0.63 | 0.65 0.74 48 49 49 15 16 18
Front 7
Groun 1 0.63 | 0.79 0.66 51 41 48 16 16 16
d
31050 | 072 0.67 52 44 51 13 16 17
Average
Incident 0.59 | 0.72 0.69 50 45 49 15 16 17
Load
5 - 0.79 0.81 - 56 42 - 22 17
6 | 0.75 - 0.81 48 - 42 18 - 17
Front
Wall 2| 033 | 0.51 0.65 55 67 46 9 17 15
; 0.65 1.0 0.59 46 35 51 15 18 15
Average
FrontWall | 0.58 | 0.76 0.68 50 34 46 14 12 16
Load
Average
Reflection | 0.98 | 1.06 0.99 0.99 0.75 0.94 0.95 0.73 0.92
Factor
Side | 8 - 0.51 | 0.24 - 55 58 - 14 7
Groun
d 9 | 0.37 | 0.50 0.56 54 52 46 10 13 13
1
Side | 8 0.48 | 0.63 0.51 54 - 47 13 - 12
Wall 1701 044 | 063 | 038 | 55 44 53 12 | 14 | 10
Interior | 4 | 0.44 | 0.27 0.38 55 52 53 12 7 10
Ratio of
Interior to
sideon | | %% | - - 7 - N R
Load (%)
Front | 7 1 .28 | 0.70 - 57 49 - 8 17 -
Roof
Back | 2
Roof | 0 - 0.56 - - 50 - - 14 -
Back | 2
Wall 1 0.45 | 0.51 - 53 47 - 12 12 -
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Figure 30. Comparison of Internal and External Pressure — Tent B, Test B06
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Figure 31. Comparison of Internal and External Pressure — Tent C, Test B06
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Figure 32. Pole Tent with Sides Post Test B06

Figure 33. Interior of Pole Tent with Sides Post-Test B06
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Figure 34. Rear of Light Frame Tent Post-Test B08

Figure 35. Exterior of Light Frame Tent Post-Test B06
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