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A cylindrical vessel capable of totally containing the products and shrapnel resulting from the detonation
of 10 kg of TNT (or cquivalent) has been designed and built by Southwest Research Instituze for and
according to the requirements of the Detonation Systems Group (M-7) of Los Alamos National
Laboratory. The vessel is 6.0-m long by 3.6-m diamcter and is manufactured of 50-mm (clliptical end
caps) and 38-mm (cylindrical walls) thick high-strength steel (11Y-100). The cylindrical walls of the
vessel are lined with 12-mm thick replaceable steel plates for shrapnel protection. The floor is made of
steel-covered concrete. Ten large-aperture (254 mm) optical ports are available for instrumentation and
four ports are provided for cabling and plumbing. Two qualifying detonation tests of 8.8 kg of C-4
explosive (cquivalent 1o 10 kg TNT) have shown that the maximum strain prodiced is less than 78% of
the elastic limit. The vessel is installed in a converted outdoor firing facility that has been modified to
include an insulated and heated metal building to house the vessel and additional instrumentation. A
computer-based system for data acquisition, firing control, and the monitoring of vessel response is
described.

With the inceasing cost of firing explosive et
expesiments, an cfficient method of gathering
more data from a sinple expeiiment is needed. It
seems lopical that if the experiment can be placed
in the center of a room and surrounded with
diagnostics, rather than looking, thiough a single
port window, that more data can be obtained
ftom each  experiment. The center of the room
idea led 1o the contaimment vessel coneept. The
containment vessel provides a confipuration
.\lllililhlc for surrounding, the expetiment with it it
(ll:ll_"n_uslu.‘s and lends ”'“'l.l murcl(-:l.\'lly to E-:,,‘iz:?“" S e
cxperiments that must have tight environmental
vontiols than |.|u-(‘.\' u-lllllnurlhl’lll}". Ihe cunll;um-(l Fignre 1. M 7's Contained High Explosive
approach 1o firing, is envitonmentadly friendly Fiting, Facility (CHEFE).
but is not the answer to all explosive testing. ' '

Thewe concepts are the poverning ideas bebind

INTRODUCTION - . o . .
g A

the Contained Hiph Explosive Fiting Facility VESSEL DESEGN AND FAURICATION
(CHEER). A photopraph of CHEFE is shown in
Fipae 1. In 1990, the Detonation Systems Gioup (M 7)

ol T.os Alamos National Laboratory contiacted

PWork peaformed ander the anspaoes of the 1HS T partnem af oy



with Southwest Research Institute to design and
fabricate a cylindrical vessel capable of totally
containing the products and shrapael resulting
from the detonation of 10 kg of TNT (or
equivalent). Certain requirements were specified
by M-7, such as ien large-aperture (254 mm)
optical ports, four ports for cabling and
plumbing, and limitations on the physical size
and weight. Southwest Research Institute
designed a 68 metric-ton vessel that is 6.0-m long
by 3.6-m diameter manufactured of 5C-mm
(clliptical end caps) and 38-mm (cylindrical
walls) thick high-strength steel (HY-100). The
cylindrical walls are lined with 305-mm square
tiles that arec made of 13-mm thick neoprene
covered with 13-mm thick stecl for shrapnel
protection, as seen in Figure 2. The tiles are
bolted to the inside walls of the vessel and are
designed to be replaced when necessary. A 2.1-m
by 1.2-m door located in one of the elliptical end
caps provides for easy . rcess. The large physical
size of the door prevent: the vessel lrom being
considered a confined spuace. Air circulation in
and out of the vessel is provided through two
152-nmmun diameter wbes with butterfly valves on
cach tube. An 8.5-m3/min fan on the exhauslt lube
provides circulation of fresh air through the
vessel and removes particulate matter from
exhausting gases by using HEPA filters,

Fipore 20 Interior view ol the contaiinment
vesse) showing the replaceable tiles,
the end cap contaning the door
trame, and pusset sapperts,

Blast loads in the vessel consist of both a
shock loading phase and a quasi-static gas loading
phase. The quasi-static load is predicted with
confidence using empirically-based data [1). The
shock loading phase is much more difficult to
predict because of the reverberation of shock
waves within the vessel. Therefore, the shock
loading was predicted using a combination of
blast predictive methodologies and explosion test
data from a similar vessel. Similarly, the
response of most of the structural components to
the blast loads was calculated using simple single-
degree-of-freedom dynamic response methods.
However, the response of the door, door frame,
elliptical end cap, and cylinder (in the axial
direction) are coupled and, thus, required a more
complicated multi-degree-of-frecdom dynamic
analysis to predict the response,

TESTING

M-7 required that three air leak tests and two
10-kg TNT-cquivalent cxplosive tests be
conducted to qualify the vessel for acceptance.
To confirm the design parameters and check the
manufacturing process, Southwert Research
Institute implemented additional tests that
included a hydrosiatic, several low pressure air,
and additional small-scale explosive tests. All the
testing, thus far, has taken place at the Southwest
Research Institute facility in San Antonio, Texas.
All tests were monitored using strian paupes,
pressuie pauges, displacement pavges, and
thetmaocouples.

The cxplosive tests were divided into two
distinet caepoties. The first category was the
prelimininy tests, which included two 2.27 kp,
and one 454 kg INT cquivalent explosive
cxperiments, that were used 1o calibrate the
instiumentation, check reproducibnhity, and check
design caleutations, The second catepory was the
qualifying tests, which included two 10 kp TNT
cquivalent (8.8 kp € 4) explosive expetiments
cach followed by the air leak test menhioned
above. All explosive chinges were spherical in
shape and positioned at the peomiettueal center of
the versel when detonated.

Thitty three stuain pauges, one sbitic pressae
paupe, two (|||;|.-.i statie prossipe paupes, four



blast pressure gauges, three displacement gauges,
and two thermocoupies were used for each test.
Three of the blast pressure gauges were located
in areas wherc high pressure was indicated by
standard blast pressure calculations [2). One
gauge was located in the center of the elliptical
end cap (opposite the door) and the other two
gauges were in the cylindrical wall, on opposite
sides of the vessel and in a vertical plane with the
explosive charge. The last blast pressure gauge
was located in a low pressure area and used for
comparison with the other blast pressure gauges.
Strain gauges were located in areas that included
most of the geometrically different regions of the
vessel, with a high concentration of gauging in
arcas of greatest calculational uncertainties, such
as the arca where the door frame intersects the
clliptical end cap (see Figure 2).

The hydrostatic test involved flling the vessel
with approximately 50 m3 of water and then
gradually pressurizing it to the 5.4-MPa design

pressure. Measurements of strain for several
previously determined pressures were compared
to the predicted values. The hydrostatic test also
checked the integrity of the vessel's construction
before the stecl-covered concrete floor was
installed.

The air leak tests consisted of pressurizing the
vessel to 1.1 MPa aad verifying, over a four
hour period, that all observed pressure changes
were temperature induced. A total of three air
leak tests were performed, one before any of the
explosive tests and one after each of the two
qualifying explosive tests.

All experimental mcasurcments were in good
agreement with calculated values. Table 1 gives a
summary of measured peak amplitudes obtained
from the explosive testing. Considering each
specific geometry, the highest stress ~alculated
from the measured strains w. s less then 78% of
the elastic limit (690 MPa) of the steel used. The
fact that there were no air lcaks after the large

Table 1. Summary of Measured Peak Amplitudes for Explosive Tests

Location®  227kgTNT  227kgTNT 4.54kgTNT  10kgTNT  10kg INT
’ Test Test Test Test Test
Strain A s21 522 1133 2222 2282
(pmm) B >-400 -580 -886 1429 1388
: a1 415 811 1118 1037
Peak A 136 134 271 521 532
Stress B >-1108 176" 299 419 430
(MF*) ( 108 103 127 242 216
|.I(!l:.lu n 119 .62 328 4.4 6.55
(MPa) ( 17 1R 6.00 1.6 14§
Quasi statie ) 023 )2 ) 0 ) 10
Pressure (M) ! ' 0.24 043 18 0.
Gias ! ox " A AT
Temperatie (") b 2 1% 018
Dusplivement '} (l)"};_: :(‘:1 (::2 f" 8*;
() E 0.30 0.68 129 104

*A Door Center, B Cylindueal Head, C 0 Cirewmference at Center of Cylinder, D Internal 1o the Vessel,
11 Fdpe of the Door on the Hosizonal Center Line, I Door Friane on the Hotizonal Center Tine

ANepitve Values Indicate Compiession



test demonstrated that the seals, gaskets, and the
port glass will withstand the pressures and shocks
of multiple full-scale experiments.

FACILITY

The vessel is installed in a ccaverted outdoor
firing facility that has been modified to include
an insulated and heated metal building to house
the vessel and additional instrumentation. The
outdoor finng site was built in the mid 1950s and
had a small load limit of 2 kg, dictated by the
proximity of other inhabited structures [3]. With
the addiiion of the vessel to the firing site, the
load limit was incrcased from 2 kg to 10 kg
without endangering the other inhabited
structures and actually decreasing the sound level
at these structures. As a part of the renovation
the clectrical service was brought up to modem
code by a complete rewiring of the firing
site, This renovation has made CHEFF a clean
modern facility in which to conduct explosive
experitnents.

A computer-based control system is currently
under development. This system will not only
monitor the vessel performance and operating
conliols, but it will also be an integral part of the
data-pathering capabilities of the firing site and
interlock-monitoring system for the firing
controls, The data-gathering capabilitics  of
CHEFFE include, but are not Limited to, laser
velocimetry capabilities [4], digital oscilloscopes,
stieah  cuneras, unage mtensifier cameras,
feaming cavieras, and digitizers. The operation
of the instrumentation will be controlled and/or
monitored by the  computer system, Dipitizers
and digital oscilloscopes not used on any piven
cxperiment wi! be used 1o monitor  the
pettormance of the vessel by measnning, stnns,
The mcasured stiuns will be analyzed and placed
into a data base so that any long term
detenonation of the vessel antegnity can be
detected.

CONCLUSIONS

Contained hying provides o practs al solntjon
to the moreasing cost of perfommng explosave

experiments and the encroachment of civilization
on what were once remote firing sites. When
CHEFF comes on line in late 1993, it will give
the Detonation Sysiems Group (M-7) an
invaluable tool for explosive experimentation
that will not only be cost effective but also
environmentally friendly.
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