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INTRODUCTION

This study has been undertaken and this report has been prepared in order to
develop parametric data for use in analyzing the event of April 19, 1995 in which
the Alfred P. Murrah Federal Building was destroyed by a terrorist attack utilizing
explosive compounds. : ,

Due to a limited amount of information in the public domain regarding blast
effects against structures, a study was undertaken in which photographic data
combined with known test parameters was analyzed to provide baseline data for
estimating the effectiveness of explosive devices against reinforced concrete
structures. The maximum potential blast pressure is used as the determinate
factor in establishing resistance to blast and overall blast effect.

A study was conducted to map the pressure regions on a vertical face wall of a
reinforced concrete test structure to provide baseline data. Data for the study
was obtained from General Benton K. Partin, USAF (Ret). This information was
supplied to him at his request by the Armament Directorate, Wright Laboratory,
Eglin Air Force Base, Florida. A copy of this memorandum can be found in
Appendix B.

Utilizing data from this study various conclusions can be drawn about the nature
| and components of the event of April 19, 1995 at the Murrah Federal Building.

This report is limited in scope to providing basic data and furnishing certain
limited conclusions about the events in Oklahoma City and is being produced as
part of a larger more detailed study of the events which occurred there.






TEST STRUCTURE CONSTRUCTION

The test structure constructed at Eglin Air Force Base while not as large as the
Alfred P. Murrah Federal Building in Oklahoma City has many similarities and
therefore provides an excellent source for data.

The Eglin Test Structure (ETS) was constructed of reinforced concrete and had
- afootprint of 80 feet in length and 40 feet in width. The ETS was comprised of
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Test Three
2nd floor

Figure 1 The Eglin Test Structure layout

three stories with a total height of 30 feet. The ETS is similar to Murrah in its
basic layout with three rows of columns in the long axis and a series of narrow
bays in the shorter axis. The ETS was constructed of six inch thick concrete
panels similar to the six inch thick floor panels of Murrah. In addition a series of
14 inch square columns supported the panels in the corners of each room and at
the edge of the floor panels. This configuration bears a similarity to the Murrah
buildings system of columns, T-beams and floor panels.

The ETS does not appear to have the extensive series of piers that the Murrah
Building had for its’ foundation. The ETS appears to be built on a spread footing
which would be consistent with the design in the area of Eglin Air Force Base.
The walls and columns are monolithically poured one story at a time. On top of
the column the next floor and edge beam combination is formed then poured and
then the next story is formed and poured on top of this. The building appears to
have several cold joints in the walls thereby producing a structure that has
diminished strength. The normal concrete strength utilized in this type of
construction and in this area of the country is 3,000 psi. The Murrah building
was constructed with 4,000 psi concrete and it would be reasonable to expect
that the Murrah building concrete would have tested in the area of 4,500 psi or
above on April 19, 1995.
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 Steel reinforcement for the ETS is provided by a single layer of #4 (1/2”) rebar

placed 18 inches on center in the wall and floor panels and the columns which
are 14 inches square appear to have two #4 rebar vertical reinforcing bars. The
reinforcement in the Murrah Federal building by contrast was much greater, with
approximately five times the amount of steel in a typical floor panel. Typical
reinforced would call for two layers of #5 rebar with a spacing of nine inches.

The ETS while similar to Murrah must be considered an inferior structure in
terms of strength and blast resistance, however direct application of the data will
be used to estimate probable damage to the Murrah Federal Building even
though the Murrah Federal Building should be expected to provide significantly
more blast resistance than the ETS.

Figure 2 Eglln Test Structure prior to Bfast Effect Testing

The ETS while having a slab on grade and a second floor 10 feet above the first
and the third 10 feet above the second was not constructed with a roof panel as
can be seen in the photo of the structure. This lack of roof panel it should be
noted reduces the overall rigidity of the structure and in particular the third story
wall panels making the third story more susceptible to damage from an explosive
device.



While no age for the ETS is given, it is known that this is a purpose built test
structure and all indications are that the testing was conducted soon after the
structure was completed thereby ruling out additional strength development by
the concrete as a function of time. This process .is normal to concrete as the
strength ratings for concrete are for 28 day cures. Concrete while attaining the
specified strength in 28 days will continue to increase in strength over time as a
natural process.

In general it can be noted that the ETS exhibits some minor flaws in construction
but it can be generally assumed to have been constructed correctly due to the
general appearance as shown in the photos. The reinforcement however is not
up to industry standards as a general rule for structural purposes. This structure
is actually more indicative of some structures to be found in third world countries
and is not representative of concrete structures to be found in the United States.






THE BLAST EFFECT TEST SERIES

The United States Air Force conducted a series of live fire tests on the ETS in
order to demonstrate-determine the efficacy of various weapon systems
components and explosives. Three different explosives tests were conducted on
the ETS. '

The first test used 704 Ibs. of Tritonal which is equivalent to 830 Ibs. of TNT or
roughly 2,200 Ibs. of properly prepared Ammonium Nitrate and Fuel Oil mixture.
Because this test most closely parallels the Truck bomb at the Murrah Building
this test will be of particular interest to this report. The device was placed 25 feet
from the vertical surface of the 40 foot side wall of the ETS. It was encased in a
light aluminum case thereby closely duplicating the lightweight enclosure of the
device used on the Murrah Federal Building. This is important because the
Murrah device was composed of ammonium nitrate - fuel oil contained in blue
plastic drums in the back of the Ryder truck, which either was constructed of
aluminum skin or of plastic laminate on the cargo body itself. This is in contrast
to the other devices in the testing which had heavy casings around the
explosive. The heavy casings while providing shrapnel which then causes
damage, consume a lot of the energy of the explosive in order to break up the
casing itself. This energy consumption is manifested in a reduced peak blast
pressure in the shock wave which emanates from the explosion. It is a tradeoff in
which a denser mass (bomb casing) is accelerated and causes damage by
colliding with the target. This effect will be described in looking at test two and
three.

The second test used a standard Mk-82 warhead placed inside the structure on
the first floor approximately four feet from the exterior wall. The Mk-82 is a heavy
cased weapon designed to hit its’ target and provide damage from the case
fragmenting and becoming shrapnel when the explosive is detonated as well the
damage provided from the resultant shock wave which follows the shrapnel. The
casing provides close in mechanical coupling of the blast energy which is always
preferable to attempting to destroy a target with an air coupled blast wave.
Figure three provided by Wright Laboratory shows a large area of catastrophic
structural failure resultant from the target being damaged by first the shrapnel
and then in a weakened condition the blast wave which follows. This is a good
example of what direct mechanical coupling of explosive energy can produce in
terms of damage when contrasted with damage produced from air coupled blast
waves alone. o

Analysis of the photograph (figure 3) of the post-test structure shows nearly
complete destruction of the wall panel and column from the first floor, This is due
to damage caused by the shrapnel effect of the bomb casing striking the
structure at high velocities and causing the concrete to shatter from the impact.
Blast wave effect upon the column would be negligible while the overpressure



Figure 3 Mk-82 Warhead test result

generated from the explosion of the device placed internally would exceed the
limits of the six inch panel. However due to the light reinforcement, peripheral
damage caused by loads induced from the panel deflections would be highly
improbable due to insufficient reinforcing steel to carry the loads before
complete break-up of the panel. While the second floor panel had direct
pressure damage, the third floor panel is indicative of gravity induced failure
caused by the direct damage to the wall panel, column, and second floor panel
from the Mk-82 warhead on the first floor.

The third test involved a 250 Ib. class penetrating type warhead with an
explosive charge equivalent to 35 Ibs. of TNT. Once again as can be seen in the
image in Figure three as supplied by Wright Laboratory, the damage caused by
even a small amount of explosive when mechanically coupled to the target can
be considerable. In this case the Mk-82 device was placed on the second floor in
an outside corner approximately 2.5 feet from the walls. As in the case of the
Mk-82 warhead, considerable damage is actually produced by the shrapnel
effect of the casing of the device itself. It should also be noted that the second
test involving the Mk-82 warhead was conducted adjacent to this area. The
second test occurred to the right of the third test are as shown in the
photograph.

Two things should be noted from the photo. The first item is that the area was
cleaned and the remaining second and third floor panels were removed prior to



the third test. A visual reference can be seen in the ladder from the Figure four
photograph, this ladder can be seen just to the left of the damaged area in figure
three. The generally smooth appearance of the third floor support beam in
Figure four indicates that the structure was constructed with cold joints in certain
areas and is not truly monolithic in terms of floor construction. This condition
reduces the stiffness of the structure as well as its total strength. The second
item is some of the damage shown in Figure four, particularly in the case of the
first floor wall panel must be attributed to the second test and not the third. This
damage also provides the third test with a locally weakened structure so as to
effectively produce somewhat more damage than would be effected by the same
explosive device on an undamaged structure.

Figure four also provides an excellent example of erosion damage caused by the
bomb casing. The second floor column in the blast area shows a definite pattern
of damage caused by the bomb case fragments impacting and shattering the
concrete. This is manifested by the irregular pattern on the edges as can be
seen in the photograph. Also bare rebar can be seen in the third floor beam just
to the left of the column where this type of damage has occurred. This shows the
pattern of damage in which concrete is damaged by debris and then carried
away in the trailing shock wave.

Figure 4 250 Ib. Penetrating warhead test resuit



This photograph élso reveals the inherent toughness of concrete, in that much of
the structure is remaining even after significant damage caused by the third test.

It should be noted that both the Mk-82 and the 250 Ib. penetrator are designed
for gravity drop from aircraft and not for static deployment as was the case in
these series of tests on the ETS.

The first test is of particular interest because of the similarities to the Murrah
- Building device and conditions, however tests two and three are of interest
because they show the inherent resistance of monolithically constructed
reinforced concrete structures and the characteristics of damage caused by
mechanical coupling of the explosive forces to the target.
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ANALYSIS OF THE FIRST BLAST EFFECT TEST

Detailed analysis of the first blast effect test was undertaken in order to provide
a baseline for predictive yield points of reinforced concrete in explosive
conditions. The method devised was to compile a matrix of the maximum
potential blast pressure for the face of the structure as calculated from the
maximum possible yield of the aluminum cased device based upon the
information supplied by the Armament Directorate at Wright Laboratory, Eglin Air
Force Base, Florida.

A pressure map matrix was prepared for the vertical face of the structure by
mapping the structure in a one foot grid with allowance for the 1.22 foot radius of
the explosive material. This pressure map matrix was then transferred to the
stations laid out on an elevation of the north face. The maximum potential blast
pressures at various damage areas could thus be noted in this manner. The
entire pressure map matrix is found in Appendix A. of this study.

Maximum potential blast pressure was calculated by using the straight line
distance from the center of the explosive device to the station on the face of the
test structure. Maximum potential blast pressure is calculated as the inverse
function of the distance (in radius units) cubed, or it can be expressed as the
following equation:

p2= p1/(ddd) or p2=pi1/d’
 where:
p1is the blast pressure of the explosive(in this case TNT is 1,500,000psi.)
p2 is the blast pressure at the distance from the center of the device
d is the distance expressed in radius units of the sphere of explosive material
(in the case of TNT 830 Ibs. is a sphere of 2.4 feet in diameter therefore
producing a radius of 1.2 feet)

In this equation the explosive material is assumed to be in spherical form.

Straight line distances for the matrix were calculated with standard trigonometric
right triangle equations with the center of the explosive device placed at 25 feet
from the vertical face per the data given by the Armament Directorate, and 1.2
feet from the horizontal plane which is assumed to be the ground. Maximum
dynamic pressure or maximum potential blast pressure occurred at a point 20
feet from the corner of the building in the center of the face and 1.2 feet in
altitude from the ground, the maximum pressure at this point is calculated at
174.3 psi.

It should be noted that these are maximum potential blast pressures and actual
pressures can be affected by the final configuration of the explosive, chemical
efficiency of the explosive charge ambient conditions such as temperature and
pressure at the site. Also the actual pressure experienced by the test structure in
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the case of the first test could be higher due to reflectance caused by the
placement of the explosive directly on the ground. This is in contrast to the
Murrah truck bomb where the center of the device was some six feet above the
street thereby allowing a four foot air gap which would significantly reduce this
phenomenon.

Analysis of the ETS was conducted without adding a factor for reflectance which
in effect then produces a lower possible yield point pressure for damage. This
provides a very conservative damage estimation tool for analyzing the expected
damage potential of any air coupled explosive device, thereby insuring that the
results produced will not result in higher allowable pressures for anticipating
damage in reinforced concrete structures.

Because the explosive device was located on the ETS face center line, the
determinate factor in assessing damage from the blast is a symmetrical pattern
of damage on both the left and right halves of the face. Damage not manifested
in a symmetrical pattern is classified as peripheral and is caused by the local
stiffness of the reinforced concrete panel as an indirect product of the blast
wave.

Figure 5 Test One, air coupled blast effect test,
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In viewing the post test photo of the ETS from the first test is important to note
the lack of damage caused by shrapnel from the explosion. This is consistent
with lightly cased explosive devices and in particular with air coupled blast
damage. The reinforcing steel can still be seen in place on the photograph
showing in particular the failure mode of the concrete panel. In the case of the
air coupled blast wave, the concrete simply breaks up as its’ elastic limit is
reached leaving the steel reinforcement in place. This is important to note
because the yield strength of the steel is approximately 20 times higher then that
of the concrete which surrounds it. As the concrete breaks up the steel remains
unaffected other than some deflection as the concrete moves. The force
required to deflect or bend the #4 rebar is quite low and can easily be duplicated
by hand efforts by the typical adult. The other item of importance to note is that
the 14 inch columns and beams remain unaffected either by the blast pressure
wave or by stresses produced by the reinforcing steel as the six inch concrete
panels break up. As the concrete panels break up some pulling force or tension
is generated upon the length of the reinforcing bars and is absorbed by the
columns and beams to which they are anchored.

———
50 psi-___./ | Sopd S— -
all IZO psi |
// —1 80psi \\s\ \

. 6" panel damage
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Figure 6 Pressure Map Overlay of the first blast test

The vertical face of the ETS in test one experienced a range of maximum biast
pressure from 34 psi to 174 psi. Maximum blast pressure on the first floor wall
panel of which the six inch panel was completely destroyed ranged from 74 psi
to the maximum experienced of 174 psi. The second floor which experienced
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serious damage to the wall panels had a range of maximum blast pressures of
53 psi to 141 psi. Three third floor which experienced no damage had maximum
blast pressures of 34 psi to 84 psi.

In examining the resultant pressures and the damage caused by the test, a
general selection has been made of 70 psi as being the yield factor for six inch
concrete panel of 3,000 psi strength and light steel reinforcement. While the
third floor panels experienced blast pressures in excess of 70 psi in certain
areas, it is generally felt that the area experiencing 70 psi to the maximum of 84
psi is small and has been generally discounted in arriving at the 70 psi figure.
This figure will be used to identify the probable damage zones from a blast
pressure wave resulting from the detonation of 4,800 Ibs. of Ammonium Nitrate -
Fuel Oil (ANFO) as it relates to six inch concrete panel which is the primary
component of the Murrah Federal Building floors. It should be noted that this
pressure value is relevant for blast pressure waves intersecting the panel in near
perpendicular paths of travel. Blast pressure waves striking panels from other
than right angles do so with reduced effectiveness, as the angle increase the
effectiveness is reduced. A blast pressure wave striking a target at 45 degrees
has only 70% effectiveness i.e.: the target while struck with 100 psi would only
reasonably absorb or experience approximately 70 psi. of blast pressure.

The blast pressure overlay while not directly taking into account these angles, is
relevant to the Murrah explosion because the truck placement roughly correlates
to the placement of the device in the ETS test when comparing relative
placement of structure and configuration of that structure. Because of a variety
of factors inherent to explosions, it is impossible to exactly duplicate some
effects down to the tiniest detail, however by choosing the weaker structure
(ETS) as our basis for estimating potential damage from blast effect. an
essentially accurate estimate of anticipated damage can be formulated from
these test results. '
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RELATING THE EGLIN TEST DATA TO THE MURRAH
FEDERAL BUILDING

The bombing of the Murrah Federal Building and the resulting collapse of so
much of the building has raised many questions as to the efficacy of the truck
bomb. Utilizing the data from the Eglin Test Series it is possible to produce an
expected radius from the center of the device in which damage to six inch panel
would be expected. The floor panels in Murrah are of the same thickness and
starting with the third floor have a similar positional relationship with the
explosive device. The second floor panels terminate some ten feet inside the
north line of the building and are placed so as to be roughly perpendicular with
the blast wave direction of travel.

The columns and beams of the Murrah building are anticipated to behave in
roughly the same manner as their counterparts on the ETS. While some
maximum blast pressures will be higher than those experienced on the ETS the
Murrah columns and beams are much larger, constructed of higher strength ‘
concrete, have many times more steel reinforcement and are ballasted by the
weight of the building, factors not present in the ETS, which had no damage to
the columns and beams after the first test.

The floor panels are far more susceptible to blast pressure damage due to their
large surface area and small cross section, the wall panels of the ETS
demonstrated this phenomenon in the first test as well as in the second and
third.

The floor panels in the Murrah Federal Building as outlined earlier had
approximately five times as much steel reinforcement for a given cross section
as the ETS. The larger contrast however is in the columns and beams where the
steel fill in the Murrah Building was much higher than the ETS in most cases by
a factor of 10 or more. In addition while the ETS did not use stirrups in its’
columns and beams the Murrah Federal Building did thereby increasing strength
to a level far above the ETS.

In identifying the areas of probable damage on the Murrah Federal Building we
must first determine at what radius from the device will manifest a blast pressure
of 70 psi or more. It is within this radius that we would find predicted damage
potential to the six inch panel in the structure. To find the distance we must know
the blast pressure of ammonium nitrate and the diameter of the explosive
material based upon the total weight. To find the distance we can use the

following equation:
dr= 3\/p1/70
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where:

p1 is the blast pressure of the explosive(in this case ANFO is 500 OOOpSI )

dr is the distance expressed in radius units of the sphere of explosive material
(in the case of ANFO 4,800 Ibs. is a sphere of 4.4 feet in diameter therefore
producing a radius of 2.2 feet)

70 s the blast pressure expressed in pounds per square inch (psi) at the point
we are seeking the radius distance for.

In this equation the explosive material is assumed to be in sphericai form.

The distance in feet can then be calculated by the following equation:

d=dr.22
where:
d is the distance from the center of the explosive material expressed in feet
dr is the distance expressed in radius units of the sphere of explosive material
(in the case of ANFO 4,800 Ibs. is a sphere of 4.4 feet in diameter therefore
producing a radius of 2.2 feet)

In this equation the explosive material is assumed to be in spherical form.

- Therefore:
dr= °*\500,000/70
dr= 19.26 y
Thus:
d= 19.26.2.2
d= 42.37 feet

It can therefore be expected that within a radius of 42.37 feet from the center of
the explosive, any six inch reinforced concrete panel positioned so as to have a
major face perpendicular or nearly perpendicular to the travel path of the blast
pressure wave from the explosion would be damaged. This damage would in
general be confined to the six inch panel itself and based upon the findings in
the ETS first test, that damage would be found in the center of the panel as
defined by framing of larger structural members and then would be expected to
radiate outward.
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A limited area of the third and fourth floors of the Murrah Federal Building
immediately adjacent to the position of the Ryder truck would be affected. On the
third floor a roughly circular shape extending 25 feet into the building and
approximately 40 feet down the north face of the building from a center point
adjacent to the center point of the explosive which was located some 14.5 feet
north of the north face of the building. This circular area contained approximately
1,250 square feet of six inch panel, it should be noted that the northern edge of
the third floor terminated with a transfer beam of some three foot in width and
five feet in depth. This beam carried the load from the remaining six floors and
the roof which was transferred to it by a column placed in the middle of its’ 40
foot span. The transfer beam itself weighed 60,000 Ibs. and was found
essentially intact and undamaged by the effects of the blast pressure wave.

The fourth floor panel that experienced 70 psi and above was limited to a
- roughly circular shaped pattern of approximately 400 square feet. In the case of
both the third and fourth floor some failure of the six inch panel would be
expected to be found in the center of each panels 16 foot span and emanating
outward. In general a central rupture with loss of concrete would be expected
based upon the post test appearance of the ETS.

Fifth Floor |
= - 42.4' Radius
70 psi Radius
Fourth Floor ' Not_e: (_)nly 6” !nch floor paqel within this
radius is predicted to experience damage
r g
| 8
North Face
Third Floor
o
Second Floor
i
4800 Ib. ANFO Truck Bomb
12" Wall
1st Floor
l

Figure 7 Cross section of the Murrah Federal Building showing the relation
of the truck bomb to the structure and floor panels

Because the floor panels were supported by T-beams running north-south every
20 feet and these T-beams were of 22 inches depth and 48 inches width the
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floor panels were only 16 feet in width between the beams. Due to the sizing and
mass of the T-beams they should remain unaffected as in the case of the 14
inch beams on the ETS. The six inch panels on the Murrah building should be
expected to have additional resistance when compared to the ETS because they
are in the horizontal plane and have the effect of gravity which provides some
measure of dampening whereas the ETS panels were in the vertical plane
without the effect of gravity. In addition no floor damage to the second or third
floors of the ETS in the first test can be seen in the photograph or was noted in
the memorandum from Wright Laboratory. This fact suggests that more than the
70 psi threshold is required to damage floor panels in events similar to the
Murrah bombing or the ETS first test.

No peripheral damage would be expected from transfer of loads imposed by the
explosion on the panels to the structure because as demonstrated on the ETS
concrete separates from the steel reinforcement before sufficient tension can be
applied to the rebar to overload the support members. In the case of the Murrah
building although the rebar is slightly larger 5/8” versus 1/2” in diameter and
spaced 9" on center as opposed to 18” on center the panel would be expected to
rupture in the center long before sufficient loads can be imposed on the
structural members that would even approach exceeding structural limits.

Radius of Predicted Damage @

70 psi to 6" concrete panel only ruck bomb location

Actual line of damage
April 19,1995  — ) -

Murrah Building Third Floor

Figure 8 Floor plan showing maximum predicted damage to third floor and
the actual line of damage experienced on April 19, 1995.
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CONCLUSION

While the truck bomb at the Murrah Federal Building, and the test device at the
ETS were not identical devices with identical conditions, the two events have
similarities that are significant enough for comparison. Further with the ETS
having less integral strength than the Murrah Federal Building conclusions
drawn directly from the ETS have a built in margin of error thereby eliminating
the likelihood of drawing erroneous conclusions with respect to the minimal
effects anticipated from an explosive blast.

It should also be noted that the test device at Eglin had the benefit of highly
trained individuals constructing it. Furthermore the explosive material was small
enough to be assembled in a single dense package and was of a high energy
compound thereby assuring peak performance.

The Murrah device was composed of individual drums of approximately 600 Ibs.
maximum capacity. Eight drums would be the minimum required containment for
4,800 Ibs. of ANFO. By having the explosive mixture in many containers
efficiency is lost because the explosive is not:densely packed. With air gaps
between the drums they become in effect eight separate explosive devices
working in unison. Efficiency would also be reduced if detonation was not
obtained simultaneously by all eight barrels. If some of the barrels depended
- upon others for detonation you have what would in effect be staggered
explosions, while for all purposes these would be indistinguishable, this would
result in a variety of shock waves leaving the assembly at different times.

The air gaps would also result in the barrels attempting to cancel each other out
as the individual shock waves meet in the air gap. The net effect would be to
produce an initial shock wave pattern that is elliptical in nature and would result
in much of the explosive energy taking a focus directly vertical from the
assembly. While the pattern would eventually circularize and form a spherical
shape much energy and therefore efficiency is lost in this transition.

Because ANFO is also a low energy explosive (approximately 30% that of TNT) =
and due to the inherent inefficiency of eight barrels forming the explosive
assembly, it is doubtful that the device produced blast pressures close to the
calculated maximum potential blast pressure. This being the case it is doubtful
that the radius of damage even approached the 42.37 foot range as calculated
herein.

Due to these conditions it is impossible to ascribe the damage that occurred on
April 19, 1995 to a single truck bomb containing 4,800 Ibs. of ANFO. In fact the
maximum predicted damage to the floor panels of the Murrah Federal building is
equal to approximately 1% of the total floor area of the building. Furthermore
due to the lack of symmetrical damage pattern at the Murrah Building it would be
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inconsistent with the results of the ETS test one to state that all of the damage to
the Murrah Building is the result of the truck bomb.

The damage to the Murrah Federal Building is consistent with damage resulting
from mechanically coupled devices placed locally within the structure as there
are certain similarities with the resultant damage to the Murrah Building and with
tests two and three.

It must be concluded that the damage at the Murrah Federal Building is not the
result of the truck bomb itself, but rather due to other factors such as locally
placed charges within the building itself. As can be seen from the tests
conducted at Eglin Air Force Base under known conditions producing damage to
reinforced concrete structures is difficult. Reinforced Concrete exhibits damage
resistance that is far above other types of construction including precast
concrete and masonry.

The procedures used to cause the damage to the Murrah building are therefore
more involved and complex than simply parking a truck and leaving. Additional
study beyond the scope of this case study will be required.in order to properly .
interpret the damage, describe the actual chain: of events and fix the cause of
the damage which occurred there on April 19, 1995.
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APPENDIX “A”

Appendix “A” contains the tables with the pressure values relative to position on
the vertical face of the Eglin Test Structure (ETS). The method for calculating
these blast pressure values is outlined below in the description of the data
tables.

The tables were developed by defining a series of stations on the vertical face of
the ETS. Looking face on to the ETS the lower left corner is identified as
horizontal station -002 which is the horizontal line running along the ground and
is -1.22 feet vertical from the center of the explosive device. Horizontal station 0
is the horizontal line running at 1.22 feet above the ground or in direct alignment
with the center of the explosive device. Each page of the tables is the full data
for each horizontal station line.

The coordinate or vertical station is identified in column “A” on the data tables
and these represent points on the horizorital station line and station coordinates
- are located by one foot spacing. The left vertical edge of the structure is vertical
station line 1, vertical station line 2 is located one foot to the right of vertical .
station line 1. '

~ Column “B” has the value for the base distance on horizontal station line 0 from
the center point of the explosive device. The value is the hypotenuse of a right
triangle with a base distance of 25 feet and the altitude of the triangle defined as
the distance from the center of the structure along horizontal station line 0 to the
coordinate point defined in column “A”.

Column “C” is the altitude of the horizontal station line relative to the vertical
spacing from a horizontal plane defined as the center of the expiosive device.

Column “ D" is the Mean Blast Distance, this the straight-line distance from the
center of the explosive device to the coordinate position on the vertical face of
the ETS. This value is expressed in feet, and is the hypotenuse of a right
triangle where the base is the Column “B’ base value for the coordinate and the
altitude of the triangle is the altitude value in Column “C” for the coordinate.

Column “E” is the Mean Distance in “r" units, this is the Mean Blast distance as
expressed in radius (“r") units. This is calculated by taking the Mean Blast
Distance in feet for a given coordinate and dividing it by 1.22 which is the value
in feet for the radius of the explosive device.

The eqUation for this column is expressed as:

dr = d/ 1.22
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Where:

dr is the distance in radius units
d is the mean blast distance in feet
1.22 is the value of radius of the explosive material in feet

Column “F” is the Blast Pressure expressed in pounds per square inch (PSI).
This is the maximum potential blast pressure for the specific coordinate based
upon the straight line distance to the coordinate location from the center of the
explosive device. It is calculated by dividing the blast pressure of the explosive
at its’ source (1,500,000 psi) by the value of the radius units cubed. The
equation for this column is expressed as:

p2= 1,500,000/ r®
Where:
P2 is the blast pressure at the coordinate in psi
1,500,000 is the value of the blast pressure at the source in psi

r® is the value in radius units cubed

The data tables can thus be utilized to find the maximum potential blast pressure
for any coordinate on the vertical face of the ETS used in test one.
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EGLIN AIR FORCE BASE BLASTEFFECT TESTING  PRESSURE MAPPING PROJECT

32.016

A__| B c D E F
1 |Horiz. Sta. -002v] Base |Altitude| Mean Blast Distance| Mean Distance *r* | Blast Pressure PSI
2 1 32.016 | -1.22 32.03883649 26.26134138 82.82101396
3 2| 31.401 -1.22 31.42429125 25.75761578 87.77569509
4 3| 30.806 | -1.22 30.82994832 25.27044945 92.95063494
5 4| 30232 | -t1.22 30.25700596 24.80082456 98.33155308
6 5| 29.682 | -1.22 29.70666219 24.34972311 103.8984762
7 6 29.155 | -1.22 29.18031465 23.9182907 109.6227871
8 7| 28.653| -1.22 28.679061 23.50742705 115.4718086
9 8| 28178 | -1.22 28.20439831 23.11835927 121.4004323
10 9| 27.731 | -1.22 27.75762361 22.7521505 127.3573176
11 10 | 27.313 | -1.22 27.34023352 22.41002748 133.2797262
12 11| 26,926 | -1.22 26.95342475 22.0929711 139.1005622
13 12 | 26.571 -1.22 26.59869355 21.80220783 144.7404217
14 13| 26.249} -1.22 26.27713648 21.53863646 150.119338t
15 14| 25962 | -1.22 25.99014972 21.30340141 155.1473662
16 15 25.71 -1.22 25.73882977 21.09740145 159.7365713
17 16 | 25.495 | -1.22 25.52427323 20.92153544 163.7987549
18 17 | 25.318 | -1.22 25.34737706 20.77653858 167.2521368
19 18| 25179 | -1.22 25.20893858 20.66306441 170.0227634
20 19 25.08 | -1.22 25.10955563 20.58160298 172.0496011
21 20 25.01 -1.22 25.03973842 20.52437575 173.4927729
22 21 251 -1.22 25.0297503 20.51618877 173.7005526
23 22 25.01 -1.22 25.03973842 20.52437575 173.4927729
24 23 25.08 | -1.22 25.10955563 20.58160298 172.0496011
25 24| 25179 | -1.22 25.20893858 20.66306441 170.0227634
26 25| 25318 -1.22 25.34737706 20.77653858 167.2521368
27 26! 25.495 | -1.22 265.52427323 20.92153544 163.7987549
28 27 25.71 -1.22 25.73882977 21.09740145 159.7365713
29 28| 25962 -1.22 25.99014972 21.30340141 155.1473662
30 29| 26.249( -1.22 26.27713648 21.53863646 150.1193381
31 30| 26.571 | -1.22 26.59869355 21.80220783 144.7404217
32 31| 26.926 | -1.22 26.95342475 22.0929711 139.1005622
33 32| 27.313| -1.22 27.34023352 22.41002748 133.2797262
34 33| 27.731| -1.22 27.75762361 22.7521505 127.3573176
35 34| 28.178 | -1.22 28.20439831 23.11835927 121.4004323
36 35| 28.653| -1.22 28.679061 23.50742705 115.4718086
37 36| 29.155| -1.22 29.18031465 23.9182907 109.6227871
38 37| 29.682 | -1.22 29.70666219 24.34972311 103.8984762
39 38| .30.232 | -1.22 30.25700596 24.80082456 |- 98.33155308 .

39| 30.806 | -1.22 30.82994832 25.27044945 92.95063494
40 ] 31.401 -1.22 31.42429125 25.75761578 87.77569509
41 -1.22 32.03883649 26.26134138 82.82101396
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EGLIN AIR FORCE BASE

A | B | c D E F
52 |Horiz. Sta. -001v|{Base Altitude |Mean Blast Distance [Mean Distance *r* |Blast Pressure PS|
53 1 32.016 -1 32.03121358 26.2550931 82.88015818
S4 2| 31.401 -1 31.41651923 25.75124527 87.84085475
55 3| 30.806 -1 30.82202644 25.2639561 93.02232397
56 4| 30.232 -1 30.24893403 24.79420822 98.41029348
57 5| 29.682 -1 29.69844068 24.34298416 103.9847877
58 6| 29.155 -1 29.17194479 23.91143016 109.7171713
59 7| 28.653 -1 28.67054481 23.50044656 115.6747371
60 8| 28.178 -1 28.19573876 23.11126128 121.5123212
61 9| 27.731 -1 27.74882464 22.74493823 127.4785087
62 10| 27.313 -1 27.33130017 22.40270506 133.4104581
63 11 ] 26.926 -1 26.94436315 22.08554357 139.2409512
64 12| 26.571 -1 26.58951106 21.7946812 144.8904285
65 13| 26.249 -1 26.26784158 21.53101769 150.278754
66 14 | 25,062 -1 25.98075215 21.29569848 155.3157834
67 15 25.71 -1 25.72934041 21.08962329 159.9133761
68 16 | 25.495 -1 25.51470407 20.91369186 163.9831196
69 17 | 25.318 -1 25.3377411 20.76864025 167.4430278
70 18 | 25.179 -1 25.19924968 20.65512269 170.2189559
71 19 25.08 -1 25.09982837 20.57362981 172.2497086
72 20 25.01 -1 25.02998402 20.51638034 173.6956868 | .
73 21 25 -1 25.01999201 20.50819017 173.9038718
74 22 25.01 -1 25.02998402 20.51638034 173.6956868
75 23 25.08 -1 25.09982837 20.57362981 172.2497086
76 24| 25.179 -1 25.19924968 20.65512269 170.2189559 |
77 25| 25.318 -1 25.3377411 20.76864025 167.4430278
78 26 | 25.495 -1 25.51470407 20.91369186 163.9831196
79 27 25.71 -1 25.72934041 21.08962329 159.9133761
80 28 | 25.962 -1 25.98075215 21.29569848 155.3157834
81 29| 26.249 -1 26.26784158 21.53101769 150.278754
82 30| 26.571 -1 26.58951106 21.7946812 '144.8904285
83 31| 26.926 -1 26.94436315 22.08554357 139.2409512
84 32| 27.313 -1 27.33130017 22.40270506 133.4104581
85 33| 27.731 -1 27.74882464 22.74493823 127.4785087
- 86 34 | 28.178 -1 28.19573876 23.11126128 121.5123212

87 35| 28.653 -1 28.67054481 23.50044656 115.5747371
88 36 | 29.155 -1 29.17194479 23.91143016 109.7171713
89 37 | 29.682 -1 29.69844068 24.34298416 103.9847877
90 38 | 30.232 -1 30.24893403 24,79420822 98.41029348
91 39 | 30.806 -1 30.82202644 25.2639561 93.02232397
92 40 | 31.401 -1 31.41651923 25.75124527 87.84085475
93 41| 32.016 -1 32.03121358 26.2550931 82.88015818
94
95
96
87
98
99

100

101

102
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EGLIN AIR FORCE BASE BLASTEFFECTTESTING  PRESSURE MAPPING PROJECT

_A B c _D E F

103 jHoriz. Sta. 000v |Base Altitude {Mean Blast Distance {Mean Distance *r* |Blast Pressure PSi
104 11 32.016 0 32.0156 26.24229508 83.00147596
105 2| 31.401 0 31.4006 25.73819672 87.97452107
106 3| 30.806 0 30.8058 25.25065574 93.16939524
107 4| 30.232 0 30.2324 24,78065574 98.57184285
108 5| 29.682 0 29.68186 24.32918033 104.1618841
109 6| 29.155 0 29.1548 23.89737705 109.9108462
110 7| 28.653 0 28.6531 23.48614754 115.785961
111 8| 28.178 0 28.178 23.09672131 121.7419508
112 9| 27.731 0 27.7308 22.73016393 127.7272481
113 10| 27.313 0 27.313 22.38770492 133.6787996
114 11 26.926 0 26.9258 22.07032787 139.5291358
115 12| 26.571 0 26.5707 21.7792623 145.1983774
116 13| 26.249 0 26.2488 21.51540984 150.6060401
117 14 | 25.962 0 25.9615 21.27991803 155.6615701
118 15 25.71 0 25,7099 21.07368852 160.2764036
119 16 | 25.495 0 25.4951 20.89762295 164.3616876
120 17 | 25.318 0 25,318 20.75245902 167.8350122
121 18 | 25.179 0 251794 20.63885246 170.6218395
122 19 25.08 | 0 25.0799 20.55729508 172.6606413
123 20 25.01 0 25.01 20.5 174.1123895
124 21 25 0 25 20.49180328 174.321408
125 22 25.01 0 25.01 20.5 174.1123895
126 23 25.08 0 25.0799 20.55729508 172.6606413
127 24 | 25179 0 25.1794 20.63885246 170.6218395
128 25| 25.318 0 25.318 20.75245902 167.8350122
129 26| 25.495 0 25.4951 20.89762295 164.3616876
130 27 25.71 0 25.7099 21.07368852 160.2764036
131 28 | 25.962 0 25.9615 21.27991803 155.6615701
132 29 | 26.249 0 26.2488 21.51540984 150.6060401
133 30| 26.571 0 26.5707 21.7792623 145.1983774
134 31| 26.926 0 26.9258 22.07032787 139.5291358
135 32| 27.313 0 27.313 22.38770492 133.6787996
136 33| 27.731 0 27.7308 22.73016393 127.7272481
137 34 28.178 0 28.178 23.09672131 121.7419508
138 35| 28.653 0 28.6531 23.48614754 115.785961
139 36 | 29.155 0 29.1548 23.89737705 109.9108462
140 37 | 29.682 0 29.6816 24,32918033 104.1618841
141 38 | 30.232 0| 30.2324 2478065574 98.57184285
142 39| 30.806 0 30.8058 25.25065574 93.16939524
143 40 | 31.401 0 31.4006 25.73819672 87.97452107
144 41 32.016 0 32.0156 | 26.24229508 83.00147596
145

146

147

148

149

150

151

152

153
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EGLIN AIR FORCE BASE BLASTEFFECTTESTING = PBESSURE MAPPING PROJECT

A B c D E F
154 |Horiz. Sta. +001yBase Altitude [Mean Blast Distance |Mean Distance "r* |Blast Pressure PSI
155 1] 32.016 0.78 32.02510021 26.25008214 82.927631
156 2| 31.401 0.78 31.41028622 25.74613625 87.89315813
157 3| 30.806 0.78 30.81567318 25.25874851 93.07987096
158 4| 30.232 0.78 30.24246038 24.78890195 98.47350361
159 5| 29.682 0.78 29.691847 2433757951 104.0540788
160 6 29.155 0.78 29.16523209 23.90592795 109.7929466
161 7| 28.653 0.78 28.66371469 23.4948481 115.6573758
162 8| 28.178 0.78 28.18879359 23.10556852 121.6021581
163 9| 27.731 0.78 27.74176758 22.73915376 127.5758188
164 10 ] 27.313 0.78 27.32413528 22.3968322 133.5154336
165 11| 26.926 0.78 26.93709535 22.07958635 139.353686
166 12| 26.571 0.78 26.58214624 21.78864446 | 145.0108915
167 13| 26.249 0.78 26.26038654 21.524907 150.4067779
168 14 | 25.962 0.78 25.97321471 21.28952025 155.4510408
169 15 25.71 0.78 25.7217293 21.08338467 160.0553743
170 16 | 25.495 0.78 25.50702891 20.90740075 164.1311936
171 17 | 25.318 0.78 25.33001232 20.76230518 167.5963469
172 18 | 25.179 0.78 25.19147841 20.64875279 170.376536
173 19 25.08 0.78 25.0920263 20.56723467 172.4104354
174 20 25.01 0.78 25.02216018 20.50996736 173.8586694
175 21 25 0.78 25.01216504 20.50177462 174.0671802
176 22 25.01 0.78 25.02216018 20.50996736 173.8586694
177 23 25.08 0.78 25.0920263 20.56723467 172.4104354
178 24 | 25.179 0.78 25.19147841 20.64875279 170.376536
179 25| 25.318 0.78 25.33001232 20.76230518 167.5963469
180 26 | 25.495 0.78 25.50702891 20.90740075 164.1311936
181 27 25.71 0.78 25.7217293 21.08338467 160.0553743
182 28 | 25.962 0.78 25.97321471 21.28952025 155.4510408
183 29 | 26.249 0.78 26.26038654 21.524907 150.4067779
184 30| 26.571 0.78 26.58214624 21.78864446 145.0108915
185 31| 26.926 0.78 26.93709535 22.07958635 139.353686
186 32| 27.313 0.78 27.32413528 22.3968322 133.5154336
187 33| 27.731 0.78 27.74176758 22.73915376 127.5758188
188 34| 28.178 0.78 28.18879359 23.10556852 121.6021581
189 35| 28.653 0.78 28.66371469 23.4948481 115.6573758
190 36 | 29.155 0.78 29.16523209 23.90592795 109.7929466
191 37 | 29.682 0.78 29.691847 24.33757951 104.0540788
192 38 | 30.232 0.78 30.24246038 24.78890195 . .98.47350361 |
193 39 | 30.806 0.78 30.81567318 25.25874851 93.07987096
194 40 | 31.401 0.78 31.41028622 25.74613625 87.89315813
195 41| 32.016 0.78 32.02510021 26.25008214 82.927631
196
197
198
199
200
201
202
203
204
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