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ABSTRACT

The objective of this project was to investigate the predicted behavior of French under-
ground personnel shelters, equipment, and instrumentation. Data obtained will be used for the
evaluation and improvement of present designs and for the establishment of design criteria.

Five reinforced-concrete underground structures designed by French engineers were
testea: one cast-in-place rectangular structure, one precast circular shelter, two entrance-
ways at approximately the 116-psi peak overpressure range, and one entranceway at approxi-
mately the 105-psi range.

Reinforcing steel, doors, ventilation equipment, precast rings for the circular structure,
and instrumentation were shipped from France and incorporated in the shelters.

Preshot and postshot precise-location surveys were made to determine the total lateral
and vertica' motions of the structures as a result of the blast.

Blast instrumentation consisting of Ballistic Research Laboratories (BRL) self-recording
pressure gauges, French self-recording peak dyaamometers, glass disk diaphragms, low-
pressure manometers, recording barometers, and electronic-tube manometers and pressure
gauges were used in the shelters and entranceways. Free-field measurements were recorded
along the blast line. Structural response was recorded by French self-recording deformeters;
recording pendulum and table; choc marts (shock impulse); electronic deflection, acceleration,
and strain gauges; and seismograph.

A recording hygrometer to measure the humidity, a dust collector, self-recording flux-
meters, and peak thermometers and electronic temperature gauges to record thermal varia-
tions were also furnished from France and used in the test.

Radiation measurements were obtained by U. S. gamma-radiation film dosimeters, gamma-
radiation chemical dosimeters. neutron detectors, and telemetering gamma dosimeters. Addi-
tional gamma measurements were made along the blast line and with French film badges and
dosimeter recorders.

Mice were used for biological tests in all five shelters to determine the environmental
aspects of the structures when subjected to nuclear blast.

• mii = mR w m m • ww m m mm • m m•• ww w m •w5



PREFACE

The policy of the U. S. Govern•nent in furnishing the gc'Gernments of friendly nations with
unclassified information on nuclear effects led to tl'e participation of the Service National de la
Protection Civile (SNPC) of France in Operation Plumbbob. The invitation to participate in the
test was cxtended by the Federal Civil Defense Administration (FCDA), now the Office of Civil
and Defense Mobilization, in response to a request from the French Governnient. French par-
ticipation was correlated by, and was under the sponsorship of, the FCDA

From their own resources and the unclassified information made available through NATO
and elsewhere, the SNPC developed shelter designs for the protection of personnel fron the ef-

fects of atomic explosions and proposed an extensive test program for inclusion in Operation
Plumbbob, the 1957 test series at the Nevada Test Site. The program was planned to obtain in-
formation and data of a highly varied nature which would be of value to tile FCDA as well as the
SNPC.

The SNPC engaged the firm of Ammann & Whitney, Consulting Engineers, as their agent to
pursue the outlined program to its completion here in the United States. The services of
Ammann & Whitney included establishing and maintaining liaison with FCDA, making payments,
translating and developing the contract drawings, receiving the equipment from France and ar-
i anging shipment to the site, providing field supervision during construction, and inspecting
and reporting the results in accordance with AEC and FCDA requirements in a form that could
be made available to the SNPC.

French participation in the test was accepted with the understanding that only such infor-
mation would be made available to the SNPC as would be consistent with the national security
requirements of the U. S. Government.

Edward Cohen was in charge of the work for Ammann & Whitney and served as Project

Officer. Norval Dobbs served as Assistant Project Officer.
The SNPC structures were tested in the Smoky shot of Operation Plumbbob at 5:30 a.m..

Aug. 31, 1957. The test was a 43-kt nuclear device mounted on a 700-ft steel tower.
In December 1957 Ammann & Whitney prepared and distributed a limited number of copies

of an interim summary of test results to AEC, FCDA, and SNPC. In September 1958 a compre-
hensive preliminary report containing results of all data available to that date was prepared
and distributed to these agencies. A supplement to this report was distributed in August 1959.
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Chapter 1

INTRODUCTION

1.1 OBJECTIVES

The main objectives of the program, as presented by the Service National de )a Protection
Civile (SNPC), were to verify the predicted eiiects of a nuclear explosion on civilian construc-
tion and to obtain as much basic data as possible to assist in future planning of protective con-
struction. By subjecting structures and experiment, designed in accordance with French codes
and practices and constructed by methods and with materials used in France, to an actual blast,
it was hoped to substantiate the interpretations, hypotheses, and conclusions made from unclas-
sified information and data previously made available and used for the test designs.*

It was planned that data would be obtained concerning the characteristics of the blast wave;
structural strains; deflections and deformations; soil displacements; and interior and exterior
pressures, temperatures, heat, and radioactivity. These were to be obtained within the limits
of the extensive instrumentation provided by SNPC and supplemented by U. S. agencies. Gross
physical characteristics and structural behavior were to be determined by visual observation
and inspection.

1.2 BACKGROUND

1.2.1 Scope

The SNCP outlined an extensive program that would provide highly detailed data on all the
phenomena produced by the test. However, the extent of this program was so great that the con-
struction could not be completed within the test schedule, and the program had to be greatly
reduced.

Although the reduced program sacrificed some of the completeness of the original pro-
gram, it was expected that careful planning, systemized observation, and extensive instrumen-
tation would still provide the basic data and information desired.

The final program consisted in the exposure of the follcwing five structures:
Structure 11-1, rectangular concrete shelter, type 60
Structure 11-2, circular shelter, type 50, with precast units
Structure 11-3 }
Structure 11-4 entrances and entrance chambers, type 65
Structure 11-5

Architectural drawings showing the general features of these structures are shown in
Figs. 1.1 to 1.5.

The Effects of Atomic Weapons, U. S. Government Printing Office, Washington, D. C.
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1.2.2 Location

The structures were placed at two locations with respect to Ground Zero (GZ). Structures
H1-1, 1H-2, 11-3, and H-4 were placed at location 11, with a predicted overpressure of 132 not;

and structure 11-5 was placed at location M11, with a predicted overpressure of 118 psi.
Approximately 50-ft clearance was provided in a lateral direction between the structures,

, except I-1 and 11-2 which had a 100-ft separation.
Figure 1.6 shows the site layout of the structures and the blast-line instrumentation of the

French program.

1.2.3 Orientation

All structures except 11-5 were oriented similarly with the longitudinal axis of the chamber
perpendicular to the blast line (Fig. 1.6); thus the entranceways were in line with the direction
of the blast. This orientation minimized the reflected pressure that would occur on the main
blast door. Structure 1H-5 at location MI was oriented at 900 to the structures at location 1H; so
its longitudinal axis was parallel to the blast line.

1.3 DESCRIPTION OF STRUCTURES

1.3.1 Rectangular Concrete Shelter, Type 60, Structure 11-1

Structure II-1 is a complete protective shelter (Figs. 1.7 and 1.8) designed for a capacity
of 50 persons with 60 cu ft of space provided for each person sheltered. It consists of the en-
trance stairs, an antechamber, the main body of the shelter, an emergency exit tunnel, and an
emergency exit shaft. The ventilation system is a Nessi type, and the doors are made by
Dumoulin (Figs. 1.9 and 1.10).

The shelter, in general, is 46 ft 7 in. by 13 ft 9 in. by 11 ft V/2 in. high and is constructed
of poured-in-plack reinforced concrete. It was designed for an overpressure of 147 psi, with
1 ft 111/2 -in.-thick main walls and slabs and approximately 0.3 per cent reinforcement.

The entrance is a through type with two stairways, 3 ft 3%/: in. wide, meeting at the bottom
in a common entry landing. The roof slab over the stairs and the stairway walls and slabs are
11%/ in. thick; the roof slab over the landing, as well as the landing, is 1 ft 33/4 in. thick; and
the exterior wall of the landing is 1 ft 11%/2 in. thick.

The main entrance from the landing into the antechamber consists of an opening 2 ft
31 in. wide by 4 ft 107/8 in. high which is closed by three doors. On the exterior face of the
wall opening is a 1'/ 1i-in. structural-steel flat-plate blast door, hung on a steel frame which is
set before pouring. This door was designed for 147-psi overpressure. On the inside face of the
wall opening, a 811/16-in. concrete fire-rebistant door and a 3/ 1g-in. structural-steel gastight
door are provided on a single frame. Recesses in the concrete are provided to receive the
anchorage lugs of this common frame, which is set and grounted in after pouring.

Radiation attenuation is provided by a 3-ft 11-in, earth cover over the main body of the
structure.

Two reinforced-concrete air-exhaust stacks extend 9 ft 31/2 in. above grade, and two air-
intake stacks extend only 2 ft 8%/• in. above ground level. These intake and exhaust stacks are
used in the natural-ventilation system only and are expendable.

The pipes for these ventilation systems are fitted with an automatic ball type dual-action
antiblast valve, a protective grill against small animals at their outer opening, and a gastight
stop flap at the opening Inside the shelter.

Normal ventilation is provided by air drawn in from the outside, either directly )-y gravity
through the intake vents or, when the system is operated electrically, through one oi the ex-
haust stacks, through a simple dust filter, and into an intake fan that propels the air into the
chamber. Three quick-acting shut-off valves located between the exhaust stacks and the intake
fan control the electrically operated system. The output is 15,891.5 cu ft/hr, providing a com-
plete air change every 30 min.
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The superstructure of the shelter, which rises to grade near the entrance, accommodates
two pits filled with sand for the filtered-air system. Each filter contains about 35.3 cu ft of
clean graded sand in a 2-ft layer over the air-intake apparatus. The system, which has an out-
put of 3178.3 cu ft/hr, draws air in through the two sand filters in parallel; the air is then
passed through an activated-carbon filter and aerosol paper into the shelter.

An air-exhaust system is provided to prevent build-up of pressure within the main chamber
due to the mechanical ventilation. 1te exhaust system consists of a series of pipe sleeves em-
bedded in the walls of the antechamber. A pipe betwenn the main chamber and antechamber ex-
pels the excess pressure from the main room to the antechamber. The build-up in pressure in
the antechamber is relieved by means of a vent pipe leading from the antechamber to a point
located between the blast and fire doors. A third pipe then runs from the space between the
doors to the entranceway. The second pipe has a valve at the antechamber end of the sleeve;
the pipe leading to the exterior has a ball type antiblast valve at its midpoint.

The ventilators can be controlled either electrically, from the power for lighting, or
manually.

Because the ventilation system may place the shelter under overpressure, provision was
made for conduits to evacuate the build-up of the ventilation pressure, with an internal safety
valve operating under 6 mm of water, an overpressure gauge, and an antiLbast double-action

ball type valve protecting the safety valve.

The condensation water in the filter sand gathers at a low point and is accumulated at the
bottom of the filters. It is then brought into the shelter by a pipe fitted with a siphon. This
siphon, which is filled with water, prevents the ventilator from drawing air from the shelter
interior through the siphon pipe rather than outside air through the sand filter.

Excess water from the siphon drains into the shelter drain pit. The air-distribution sys-
tem inside the shelter is fitted with blow-offs for the disposal of condensation -'.ater.

Neither the natural nor the emergency ventilation system of this shelter was in operation

during the test since this shelter was highly instrumented. Individual components of the Nessi

type ventilation were tested in the less extensively instrumented structures 11-2, 11-4, and 11-5.

For the test, the shelter was equipped with an electrical system; the power was supplied
by one of two generators located in shelter 11-2. The system comprised the electrical power
rupply for the ventilation and lighting arrangement. The lighting equipment consisted of six
150-watt incandescent bulbs mounted on a cable and stru,'g from the ceiling of the main cham-
ber. An additional 150-watt bulb was connected to an extension cable and hang on the wall of
tl.e main chamber facing GZ.

The antechamber, which is 8 ft 61/4 in. by 2 ft 31/2 in. by 7 ft 61/2 in. high. has an opening
5 ft 10%/, in. by 2 ft 3t/2 in. leading to the main chamber of the structure. This opening is

equipped with a 11/4 -in. blast door and a s/16-in. gastight structural-steel door. The blast door
has a steel frame that was placed before the pouring of the concrete walls; grout pockets were
provided for the frame of the gastight door.

The main chamber, which has an over-all floor area of approximately 266.4 sq ft, is di-

vided into two major sections by a 1-ft 35/4-in. by 6-ft 6-in. partition. The forward and rear
sections of the main chamber are shown in Figs. 1.11 and 1.12, respectively, and the ventila-
tion room is shown in Fig. 1.13.

At the opposite end of the shelter from the main entrance, access to the emergency exit
tunnel is provided by means of an opening 1 ft ll/ in. wide and 2 it 71/% in. high. This opening
is closed by a 11%.l-in. steel blast door and a 1/,g-in. steel gastight door, one on either side of
the opening. Heat protection is obtained by filling the space between the doors with sandbags.

The emergency exit tunnel nas an interior cross section 2 ft 7V/2 in. wide tv 3 ft 31/2 in.
high; for this test the tunnel was 13 ft 31/2 in. long. It terminates at a 2-ft 7V/ 2-in. -square ver-
tical shaft that provides the means of exit to the grouno level above. The opening at the top of
the shaft is covered by a horizontal %s-in. checkered-plate blast door, also designed for an
overpressure of 147 psi. The door is so arranged that it can be opened from either the inside
or the outside of the shaft.
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1.3.2 Cylindrical Shelter, Type 50, Structure 11-2

The ,ylindrical shelter, structure 11-2 (Figs. 1.14 and 1.15), is designed to accommodate
a maximum of 32 persons. ft consists of a main entrance shaft, an entrance antechamber, a
main precast body, an exit chamber, and an emergency exit shaft.

The sjhelter is entered by means of a spiral steel stair (Fig. 1. 16) in a vertical shaft 5 ft
103/% in. by 3 ft 111/4 in., with walls 1 ft 3% in. thick. The shaft is closed at the top (at grade
level) by a horizontally sliding steel-plate blast door 1/Is in. thick. At the bottom of the shaft
another blast door 1114 in. thick and a gastight door permit access through a 2-ft 31/1-in.-wide
by ,-ft 11-in.-high opening into a 5-ft 11-in. by 3-ft 1l t/4 -in. by 7-ft 2%-in.-high antechamber.

Natural ventilation is provided by a Nessi system, which is similar in type and design to
that used Ln structure 11-1 (Fig. 1.17). The intake air is drawn down a pipe that is located in
the exterior wall of the antechamber. The pipe is equipped with a ball type dual-action anti-
blaet valve to protect the safety valve and the intake fan against blast. The air is forced,
either by gravity or by an electrical intake fan, into the main chamber of the structure. A
quick-acting shut-off valve governs the method of intake. Air exhaust is accomplished by
means of an exhaust stack. The interior end of the stack is fitted with overpressure and anti-
blast valves. The air-change capacity of the system is 1.5 times per hour. The natural venti-
lation system was not in operation during the test.

A sand-filter pit containing a filtered-air system, which is normally in operation during
blast conditions, is located above the antechamber. The air is drawn through 34.5 cu ft of sand,
consisting of a 2-ft-thick layer over the air-intake apparatus, by means of the intake fan, The
air is passed through an activated-carbon filter and aeroso! paper before it is passed to the
main chamber. The condensation formed in the sand filter, as in structure 11-1, is accumulated
at the bottom of the pit and is removed from the pit by a drain with a siphon connected at its
end. The water in the siphon prevents the air from being drawn out of the shelter. The siphon
also acts as an overflow to deliver the condensation water to the drain of the structure.

The forced-ventilation system, which can be either electrically or manually controlled,
was in operation during the teEt. Electrical power during the test was supplied by one of two
gasoline-engine-driven generators located in the main chamber. The generator also operated
a lighting system, which consisted of one 150-watt bulb mounted on an extension cable and hung
on the main chamber wall facing away from GZ. The exhaust system of the generator set was
connected to an exhaust pipe placed at the position usually occupied by the overpressure valve
at the interior end of the exhaust stack. The overpressure valve was removed to minimize the,
chance that the exhaust gases might back up in the chamber and stall the generator enginr'.

The main body, 19 ft 6% in. long, is composed of 12 circular precast reinforced-concrete
elements 8 ft 10%/ in. in OD, 10 in. thick and 1 ft 6'% in. Iong (Fig. 1.18). These elements are
aligned concentrically during construction on a concrete-setting bed and are post-tensioncd
tog!ether with 8 .-ables by the Freyssinet method.* The 1'/2-in. joints between precast elements
are filled with slow-setting concrete mortar. A bearing stress of 122 psi is obtained on the
faces of each element by the tensioning of the cables.

After the post-tensioning operation, the entrance and exit shafts are poured in place.
The earth cover above the main structure was 4 ft 9 In. for this test.
At the exit end of the shelter, thiere is an exit chambez 4 ft 7t/4 in. by 3 ft 3V/4 In. by 6 ft

91/ in. high, above which is the air exhaust stack. This stack, projecting 7 ft 8%/2 in. above
ground level, is of reinforced concrete.

Access from the exit chamber to the vertical exit shaft is by a 1-ft 11%/4-in. by 2-ft 7'/ 2-in.
opening. which is closed with a '%/, 6-in. steel blast door on one side and a %/$6-in, steel gastight
door on the other. The frame of the blast door is placed before pouring, and the frame for the
gastight door is set after the concrete is poured by grouting the anchorages into the recesses
that are provided.

Freyssinet Prestressing Units, Intercontinental Equipment Co., Inc., 120 Broadway,
New York 5, N. Y.
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The vertical exit shaft. 2 ft 91/'2 in. by 3 ft 31/2 in. with 1-ft 33/4-in.-thick walls, provides an
exit to the ground above. The top of the shaft is closed with a %/,-in.-thick door designed for an
overpressure of 147 psi. This door, like that of structure 11-1, can be opened either from the
inside or the outside. This structure and the blast doors are designed for an overpressure of
147 psi.

1.3.3 Entrances and Entrance Chambers, Type 65, Structures 11-3, 11-4, and.II-5

The entrances and entrance chambers for all three structures are of poured-in-place re-
inforced concrete and are similar in design and ize to the entrance and entrance chamber
used for structure 11-1 (Figs. 1.19 to 1.21). These structures represent entrances for typical
shelters; 'iey consist only of the stairs and one antechamber. Ventilation systems, which nor-
mally would not be placed in the antechamber of a typical structure, were added to these struc-
tures for this test. These structures were included in the test for comparative evaluation of
the adequacy and effectiveness of three different types of doors, as well as the added ventila-
tion equipment, which is also different in each entrance chamber. The reinforcement pattern
for the entrances of the three btructures differs only in the detailing.

Interior views of the antechambers are shown in Figs. 1.22 to 1.24, and a general view of
an entrance is given in Fig. 1.25.

(a) Doors. The doors for structure 11-5 are the same as two of 'he Dumoulin door.; (blast

and gastight) used at the entrance of structure 11-1 (Fig. 1.10). Structure 11-4 has entrance
doors made by Society Cheops; these include a blast door and a combination fire-resistant gas-
tight door at the opening to the chamber. The blast door on the exterior side of the opening and
the combination fire-resistant gastight door on the intt rior side of the opening are olted tight
to the concrete by bolts passing through sleeves provided in the concrete around the perimeter
of the opening (Fig. 1.26).

Bauche doors are used for structure 11-3. These consist of blast, fire-resisthýnt, ane gas-
tight doors, each on a separate frame (Fig. 1.27). Frames for the doors are inst::lled after the
main structural concrete pours are made.

(b) Ventilation. The ventilation systems pruvided in the entrance chambers wc:e included
in this test for comparison of the different types and of the efficiency of operation at the differ-
ent locations.

The ventilation of structure 11-3, made by Aeric, consisted of two pipes (intake and exhaust)
protected by reinforced-concrete stacks. The stacks extended 3 ft above the ground surface.
Each pipe contained a back-pressure flap valve that was closed by the blast pressure and re-
mained closed until the external pressure approached the natural atmospheric conation.

The Nessi ventilation system of structure 11-5 was similar to the ventilation in structures
11-1 and 11-2. It consisted of one air intake and one exhaust pipe, both protected by reinforced
corcrete. The intake and exhaust stvcks extended 2 ft 7 in. above the ground surface. The pipes
of the ventilation system were fitted with ball type automatic antiblast valves.

Structure 11-4 was provided with a second Nessi type ventilation system, similar to the
ventilation system located in structures 11-1, 11-2, and 11-5, consisting of a single reinforced-
concrete stack containing one 2-ft 7/2-in.-diameter pipe with a ball type antiblast valve.

The interior end of the vent stacks in structure 11-5 is shown in Fig. 1.28. The interior
ends of the ventilation systems for structures II-3 and 11-4 were similar.

1.3.4 Comparative Tests

Structures IT-i and 11-2 at location 11 provided primarily a comparison of effects on shape
of structure (rectangular vs. cylindrical) and method of construction (poured-in-place vs. pre-
cast elements).

Because the orientation and location of structures 1I1-, 11-3, and 11-4 were the same with
respect to GZ, direct comparison of the adequacy of the different door types could be made.
Also, the effectiveness of the horizontal door of structure H-2 could be compared with that of
the vertical door of structure 1I-1.
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The different orientation of similar doors in structures Il-I and 11-5 allowed a comparison
to be made of pressures resulting in each case.

Structures 11-1 and I1-5 were positioned at different locations; this provided data for dif-
ferent pressure levels and indicated the effectiveness of the ventilation systems and doors at
these different pressures.

Structures 11-1, 11-3, and 11-4 gave comparisons of different types of ventilation systems,
as described previously, and the effectiveness of each.

1.4 DESIGN CONSIDERATIONS

1.4.1 Structural

The designs of all structures were made by French engineers in accordance with French
design and construction practices to provide protection against the effects of atomic and ther-
monuclear detonations. The criteria used were those of a static loading condition, and the re-
quired thickness of concrete and quantity of reinforcement was obtwad by an u(uflnate-
strength method of design. The dynamic effects upon the stresses of the members, the ado -
tional strain energy available in the elasta-plastic and plastic ranges, and the pressure-time
variation were not considered in the actual design. The structures were designed to withstand
a uniform static overpressure of 147 psi at ultimate stress. The roofs, floors, and walls of the
structures were designed for the same overpressure. A uniform negative pressure of 10 psi
was also considered in the design for reversal.

The following stresses were used for design:
Concrete

Compression (cylinder strength) 3,560 psi (ultimate)
Shear (diagonal tension) 140 psi

Reinforcing steel
Tor (tension) 57,000 psi &yield)

(compression) 57,000 psi (yield)
(tension) 71,200 psi (ultimate)
(compression) 85,400 psi (ultimate)

ADx 41,000 psi (yield)
Bond (Tor steel) 470 psi

Actual conditions that would exist in France were simulated by utilizing procedures of
construction similar to those used in France and by using reinforcing and structural steel,
doors, and ventilation equipment shipped from France.

A postshot dynamic analysis of the roof slab of the rectangular type 60 shelter is included
as Appendix D of this report.

1.4.2 Radiation

Initial radiation doses of 2 to 7 x 104 r on the ground surface were assumed to be consist-
ent with design overpressure. It was hoped that an attenuation factor of 1000 would be obtained
by using earth covers of 3 ft 11 in, and 4 ft 9 in. above the roofs of the structures. The allowa-
ble radiation within the structures was taken as 20 to 70 r. It was assumed that 12 cm of con-
crete or 20 cm of earth would reduce the initial radiation 50 per cent.
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Fig. 1.93Nessi ventilation system, structure II-1.

Fig. 1.10-flamoulin type blast door.
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Fig. 1.11-Forward room of main chamber, structure 11-1.

r4

Fig. 1.12-Rear room of main chamber, structure 11-1.
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Fig. 1.13-Ventilation r'oom, structure I1-1.

VI

Fig. 1.14-- Exterior view of structure 11-2 before backfilling.
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Fig. 1,15-Above-ground view of structure 11-2 alter backfilling.

Fig. 1.16- Main entrance, vertical shalt, structure U1-2.
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Fig. 1.17-Nessi ventilation system, structure H1-2.

Vig. 1.18-Interior view of main chamber, structure 11-2.
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F g.1.19-Exterior view of structure 11-3.
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Fig. 1.23-Interior view of strueture 11-4.

Fig. 1.24-Interior view of structure 1I-5. Note door deformeter gauge in place.
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Fig. 1.25- Typical entrance, structures 11-3, 11-4, and 11-5.

SDI

Fig. 1.26-Intertor view of Society Cheops doors, structure 11-4.
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Fig. 1.27-Bauche doors, structure 11-3.

1' !
/

Fig. 1.28-Interior end of ventilation system, structure 11-5.
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Chapter 2

PROCEDURE

2.1 SURVEYS

Preshot and postshot field surveys of the horizontal and vei Lical coordinates of the survey
points, designated Y1, Y2, etc., were required to allow a determination of the absolute and rel-
ative lateral and vertical movements of the structures during the blast.

A second set of survey points, X1, X2, etc.. was located in the structures to allow a deter-
mination of the relative r- wvements of component parts of the structures.

The survey points are shown in Figs. 2.1 to 2.5.

2.2 INSTRUMENTATION

2.2.1 General

An extensive instrumentation program was developed and provided by SNPC. In addition
to the equipment furnished from Fra;.ce, U. S. instrumentation was included for comparison
purposes.

2.2.2 French Instrumentation

!nstruments -sere provided from France to take the following measurements:
1. Pressure.
2. Deformations and vibrations.
3. Stresses and strains.
4. Heat (cal/cm2) and temperature (*F or TC).
5. Nuclear radiation and contamination.
6. Miscellaneous (communications, lighting, etc.).

The designation, description, type, reading, and instrument number for the French instru-
mentation included in each structure are given in Table 2.1. In addition to the instruments in-
dicated in the table, there was also an electronic multiple recorder placed in structure 11-1 to
record the signais from pressure, heat, deflection, and vibrations received from registering
heads in the various other structures.

Power requirements for the )peration of the equipment and instruments were of two types.
A 2-kw a-c power system for the lighting system, operation of the dust collectors, and opera-
tion of the ventilation system of structure 11-2 was provided by a 3-hp generator.

Direct-current power for the electronic instruments and recorder was obtained from bat-
teries provided with the recorder (3.5.4, Table 2.1) in structure 11-1.

French instrumentation was installed in the shelters by members of Project 30.5b. The
equipment was assembled and placed in the structures as outlined by French instrumentation
specifications and at meetings between SNPC representatives and members of Project 30.5b.
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Instrument descriptions and installation procedures tre more fully covered in reports
WT-1535, WT-1466, and ITR-1509. The locations of all French equipment are shown in Figs.
2.6 to 2.10. The WT-1535 designation for some of the gauges listed in Table 2.1 differs from
the original designation indicated on Figs. 2.6 to 2.10. The designations from report WT-1535
are listed in Table 2.1 in order to simplify any correlation of reports.

2.2.3 U. S. Pressure Instrumentation

As stated in Sec. 2.2.1, U. S. instrumentation was placed in the five shelters to obtain re-
sults with which to compare the measurements obtained from the French equipment. The U. S.
instruments were provided by the FCDA and were installed by members of Project 30.5b.

The equipment consisted of 33 BRL self-recording pressure-time (SRPT) gauges and 2
self-recording very low pressure-time (VLP) gauges. The gauges, which were placed both in-
side and outside the shelters and in the entranceways, were distributed among the structures
in the following manner: structure 11-1, 9 SRPT gauges and 1 VLP gauge; structure 11-2, 4
SRPT gauges and I VLP gauge; structure 13-3, 2 SRPT gauges; structure 11-4, 11 SRPT gauges;
and structure 11-5, 7 SRPT gauges.

The locations of the self-recording gauges, descri'Jed in report WT-1535, are shown in
Fig. 2.6 to 2.10,

In addition to the instrumentation in the structures, U. S. blast-line pressure data are
available for determining both the free-field surface overpressures and the dynamic pressures
to which the structures were subjected.

The maximum values and the location of the blast-line instrumentation are shown in Fig.
1.6. A more complete description and evaluation of the blast-line instrumentation is given by
Project 30.5b in report WT-1535.

2.2.4 U. S. Radiation Instrumentation

Additional radiation-detection equipment, other than that supplied by the French, was in-
corporated into the test. The radiation measurements were made with U. S. gamma radiation
film dosimeters, gamma-radiation differential chemical dosimeters, and neutron detectors.
Two telemetering dual-unit gamma dosimeters -ere located in structure il-1 and on the blast
line at a predicted pressure level of 88 psi. The telemetering equipment acted as a remote
radiation detector transmitting gamma-time records to a central receiving station.

Five gamma-radiation differential chemical dosimeters were placed with the German (Proj-
ect 30.7) pressure gauges along the blast line, Fig. 1.6, as a part of the radiation program for
Project 30.7.

The installation of all radiation-recording instruments, including the French equipment,
was performed by Projects 30.5b, 39.9, and 39.1a.

A more complete description of the U. S. and French radiation instrumentation is given in
reports WT-1468 and ITR-1509. The layout and locations of the radiation detection equipment
are shown in Fig. 2.11.

2.3 GROUND-SHOCK SPECTRA

2.3.1 General

Displacement spectra of ground shocks produced by nuclear devices, from which the veloc-
ity and acceleration spectra can be derived, were obtained by Project 1.9, which participated in
shots Smoky, Whitney, Galileo, Charleston, and Stokes. A ground-shock response spectrum is
a convenient method for interpreting free-field earth motions with regard to the relative effects
in a structure or the effects on equipment within a structure placed in the soil. A response
spectrum can be used to describe the behavior of a simple dynamic system as a function of its
frequency.
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2.3.2 Theory

A ground-shock spectrum is a plot of the maximum responses of single-degree-of-freedom
systems (reed gauges) vs. the natural frequencies of the systems. The response is due to
ground-induced motion of the reed-gauge base and is measured in the tests ap peak instanta-
neous displacement. Acc~Leration and velocity spectra are derived from the measured dis-
placement spectra. The following mathematical relations are the bases for the response
spectra.

Figure 2.12 illustrates a single-degree-of -ireedom spring-mass system (neglecting damp-
ing); (a) shows the system at rest, and (b) shows the system in motion in the x direction as a
result of an acceleration of the base.

S= x-y = the displacement of the mass relative to the base

x = displacement of the base

y = displacement of the mass

w, = undamped natural circular frequency for nth single-degree-of-freedom system (or
nth mode of a multi-degree-of-freedom system)

The general differential equation of motion for a system having an acceleration input is

where superscript dots denote diffe; entiation with respect to time.

The system responses have the following relations:1

11max = D, the displacement (response) spectrum

Wn2 11max = V, the velocity (response) spectrum2o

Wn .Anax= A, the acceleration (response) spectrum

The displacement-response spectrum corresponds to the values recorc A in the test for
the various frequencies and is the maximum displacement of the n masses relative to the
base. The acceleration-response spectrum is the maximum absolute acelt, rations of the n
masses. The velocity spectrum is composed not of the actual peak velocity of the nth mass rel-
ative to the base but is a pseudo relative velocity that is nearly the same as the peak relative
velocity. The velocity spectrum is useful, however, in the determination of an upper bound of
the strain energy in structures.

2.3.3 Instrumentation

Twelve shock gauges and protecting canisters were used on the tests. The shock gauge is
a completely self-contained mechanical unit requiring no electronic or communication channels.
Essentially, it consists of 10 masses attached to cantilever springs mounted on two sides of a

vertical plate (Fig. 2.13). The natural frequencies of the spring-mass system are approximately
3, 10, 20, 40, 80, 120, 160, 2V0, 250, and 300 cps.

Peak responses to the shock input for each spring-mass system are obtained on polished,

smoked record plates, which are marked by the movement of a stylus attached to each mass.

The gauge is protected by a cylindrical canister 2 ft in diameter and approximately 2 ft
deep. Transmission of shock input to the gauge (either in the vertical or horizontal dirertion)
is secured by bolting the gauge in the desired position to the 1-in. base plate of the canister.

Vertical and radial gauges to record free-field effects were placed approximately 1 ft be-
low the ground surface at various distances from GZ during shots Smoky, Whitney, Galileo,
Charleston, and Stokes. During shot Smoky one radial and one vertical gauge were placed in
the underground rectangular structure of Project 30.7 at the 1005-ft range. The canisters were
bolted to the floor slab of the structure. One radial and two vertical gauges were placed adja-
cent to the structure; a dsLtance of 5 ft was used between gauges.
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2.4.1 General

After extensive consultation it was agreeca that Project 33.6 would make a biological aoess-
ment of the internal environment of the structures of Project 30.6 when subjected to nuclear
blast. The objectives of the test were twoiold: (1) to place biological specimens in the struc-
tures and to follow their mortality rate over a 60-day period postshot and (2) if possible, to re-
late the cause of death, if any, to a specific environmental factor.

The test consisted in placing five samples of 20 mice each; one sample was placed in each

of the five structures.
The biological data presented here have been abstracted from the Project 33.6 report,

WT-1507.

2.4.2 Auimals

The animals used in the study were mice of the RAP strain whose body weights were be-
tween 20 and 25 g and whose ages were approximately six weeks. In addition to the samples
used in the structures, two samples were kept as controls. Each sample of 20 mice was placed
in a wire-mesh cage (approximately 9 by 15 by 9 in.) (see Fig. 2.14). The cages contained copi-
ous amounts of food (Purina Laboratory Chow) and two water bottles. In the event the blast
should jar the water bottles from the cage, each cage had sliced raw potatoes to act as a source
of moisture. Contrul tests had shown that animals under these circumstances could survive
for four days unattended.

2.4.3 Location

The cage in structure 11-1 was located on the floor of the main chamber. The cage in
structure 11-2 was placed on the top landing of the main entrance (Fig. 1.16) to prclect the
specimens from the effects of the exhaust fumes of the gasoline generators located in the shel-
ter. The cages in structures 11-3 through 11-5 were located on spring-suspended plates in the
antechamber sections of these structures. The suspended plate was approximately 3 ft above

the floor surface.
The locations of the test samples for the five shelters are shown in Fig. 2.15.

2.4.4 Time of Placement

The animals were placed in the structure three and four days before the shot. Each day
thereafter the food and water supply was replenished up to, and including, the day before the
shot.

REFERENCE

1. Y. C. Fung and M. V. Barton, Some Characteristics and Uses of Shock Specti a, Report AM
No. 6-14. The Ramo-Wooldridge Corporation, California, Oct. 15, 1956.
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:natrt.ment No?

esi inatioft Description Type Readingt fl-I 11-2 1; 3 11-4 1, Remarks

3 2 1 1 Max dyumomnter NE P 1-8 1-5 1-6 1-6 1-6

(piston. spring. and herrnentý (9-13) (14-19) (20-25) (26-31,

3 2 1 5 GOiss disk diAprsragns NE P 6 10 9 it 12

(glts disk mnounted mn
(ircular pla e)

3 2 2 1 Lo--pressure mrnnometer N.E T 2
(recording cylinder and pen)

3 2.2 2 Ca:eson manometer N%. T 4 5 6

(lourcdon tube and recording peow

3 2 2 3 Recording barometer N'E 1 6 4 9 10

", lassitc barometer with

thermometer and hygrometer)

3 2 3 1 Tube manometer N. T 2

(Bouvion tube and rcocdlng pen;

3 S 4 Pressure tu.Ze E T 50 to 56

(3 5 4 recorder) 48 57,59 67.33

(43 49 50 (6')

52 -56,59P

3 1 1 Door Isteral gauge NE P 1 to 10 1 co 8 41 an., 42 45 and 46 49 and 50

4nteel pmnzth and lead pate) i. I1o 16) 19 and 20(21 and 22) 123 and 26)

3 1 1 2 Door deformeter NE P 3 and 4 5 a 10 5 lead

tgroup of 5 lateral gaugebt (B3 and 4I) (BS) (481 IB1O) plates

on each

"I 1 13 Coo, deformeter 'NE P 1 aol 2 ! to3 1 1

(punch Ar le&J diski (3.4.5) sq) #7" (8)

3 1 1 4 Recording pendulumr NE P 1 "

(pencil fixed on mass,

marks sw . on table)

3 1 1 5 hoL mart NE P I to3 1 I I5 tubes

(Steel balls and layer of in each

bitumi-.- nou.tea,

1 5 4 Seismograph E T 4

(3 pendulums oscillating

around spring)

1 4 Acceleration gauge E T 37,60

3 5 4 recorder) and

38.61

3 5 4 Deflection gauge E T 42 to 44 47

(3 5 4 recordt i

3 5 4 trstn gauge E T to 11

(1 3 4 recorder*

3 3 11 1 -Unit flutxmeter NE P 1 0o 5 1 to 3 tard 2 1 and 2 1 and 2 7flu•-

(metallic plates varyit4 meters

in ••ickness) in each
unit

3 3 3 2 Peak tbhrmometer NE P 3 and 4 6 8

(medical thjernomet-ri

3 3 1 4 12-tthit fluxmeter NE P 8 and 1t 12

(heat -enSitit. paint)

3 1 1 4 9-U-'t flu.^neter NE P 17 and 22 &4. 15. 13

(hesi-seltsitlse paint) and 24

3 •. 1 RecorJitg thermome•er NE T 6 and 12 7 Pnd 14 6 4 10

(meteorologicsl typ.)

3 3 22 kec-erding hyg'omet~r E T 2

imeteorologiesl typlI
3 5 s Temperature gduge E T 15 and 27 20 and 21 35

(3 5 4 recorder, 22 to 25 (33)

3 4 1 1 Film badges NE 1' 47 and 4 56 to 64 45 and 46 67 to 7t, 37 and 43

(polyettylene begs) 51 to 57 49 and 50 71 tor "4

3 4 1.3 "-,simeter recorder NE P 2 4 2 1 6

(piasul: ba)

2.1 2.1.4 Antenna and cable HI 1 H2, HI, 1R2.

(paastic-coated cable) H3 H3

2 1 5 2 tadic sets I and2 I

fixed transmitter receier.

portable transmitter-

rereiser

3 4 3 1 Dust tllecto I I and 2 I 1

('acuutti t e)

3 4 3 1 lAgbting e.. rment I I I I

(light bWlos)

3 5 4 Temperature and preasure E T 16.30 74 19,77

(3 5 4 recorder) 2P,73

3:,72
3 54 T-impn rature, pressure. alnd cc4 lera.or E T 14,40

(3 5 4 recorder) 61.75

NF. nonele.tronic, E electronic

* P. peak ýslue. T, time record

I Instrument numbers In parentheses are designations used in Report W1 -.35

I Fcr actual locatios of Inetrutnent No 3 4 1 1I "se-bullt drawings" it Appendix C
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Fig. 2.12 -Single -degree -of-frecdom spring-mass system.
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fig. 2.13 -Shock gauge.

_1

Fig. 2.14 -Mouse cage,
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Chapter 3

BLAST RESULTS

3.1 STRUCTURAL BLAST DAMAGE

3.1.1 Rectangular Concrete Shelter, Type 60, Structure 11-1

(a) Entranceways. In the entrance facing GZ a V/a-in. crack occurred along the intersec-
tion of the roof slab and the interior wall. At the interRection of the exterior wall and the slab,
the separation varies from '/, in. at the top to '/32 in. at the bottom of the sloped portion of the
slab. One hairline crack starts at the top of the roof slab and runs along the center line for
about two-thirds of the sloped portion of the slab, at which point the crack branches off Into
two sections, one section leading to each wall. The stairs are separated from the interior wall
by a crack that varies from hairline in size at the sixth riser from the top to %/Gc in. at the
bottom tread. The exterior wall is separated from the stairs by a similar crack, except that
its size at the bottom tread is 1/32 in. One hairline crack in the exterior wall is located at the
eleventh riser from the top.

The landing roof slab has a Vsz-in. crack along its intersection with the exterior wall. A
1/32-in. transverse crack was observed to start at a point directly over the center of the blast
door and continue out to a point located along the center-line of the landing; at this point the
crack divides into two 1/ 32-in. cracks, which continue across the slab to the exterior wail. At
the corner of the opening in the interior wall, a diagonal crack starts and runs to the exterior
wall near the sloped portion of the roof slab over the entrance away from GZ. Two 1/u-in.
transverse cracks are located at the GZ side of this opening. These cracks run the width of the
landing. The interior wall has several vertical '/"-in. cracks located on the GZ side of the
door opening. Two vertical '/"-in. cracks were observed in the exterior wall above the landing.

At the intersection of the roof slab and both walls on the side away from GZ, cracks were
found v•rying in size from '/32 to I/Ig and 1/16 to 1 in. in width for the exterior and interior walls,
respectively. There is a diagonal '/"-in. separation starting at the bottom of the sloped portion
of the roof near the interior wall and continuing to the top of the slab at the exterior wall. The
intersection of the interior wall and the stairs has a crack that is 1/ts-ln. in width near the
lower tread, increasing to % in. at the seventh riser from the top, and decreasing again to 1/8
in. near the top of the stairs. The crack along the exterior wall and the stairs is '/g in. for
three-quarters the height of the stairs; it decreases to l/10 in. at the second riser from the top.
The ihaerlor wall of this entrance has a crack that starts at the intersection of the top of the
roof slab and the wall and runs vertically downward toward the stairs. This crack is 1 in. in
size at the roof and '/Ig in. at Its terminal point located approximately at the mid-height of the
wall. Spalling is evident along the entire length of the crack. A I/15-in. vertical crack was
formed above the fourth tread from the bottom; it runs the full height of the wall. Several ver-
tical hairline cracks are located near the roof slab. The exterior wall has a 1/ig-in. crack lo-
cated near the top four risers of the stairs.

The roof, stairs, and walls of the entranceways were scoured by the blart, Debris was de-
posited along the entire length of the entranceways. Two steel instrumentation mounting plates
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were torn loose and depostt.-d on thob .__air_ fa_-'•2nwy from_ G7 The P_,ttris for
structure 13-I are shown in Figs. 3.1 to 3.3.

(b) Antechamber. One 1 /st-in. crack was formed in the roof slab of the antechamber, be-
ginning directly over the ce'iter of the gastight 6oor and continuing across three-quarters of
the length of the room, at which point it flaired diagonally to the exterior and interior walls.
This crack appears to be a continuation of the transverse crack in the roof slab of the entrance.
The branch of the crack that leads toward the interior wall terminates ;.- a point directly over
the center line of the secondary blast door. This crack is also visible in the lower section of
the lintel beam above the secondary blast and gastight doors.

(c) Main Chamber. The section of the main chamber adjacent to the secondary gastight
door has minor structural damage. The crack that is present in the antechamber is continued
into this section. It intersects a 1/ 32-in. crack that starts at the interior corner of the small
partition behind the gastight door and runs into the forward room of the main chamber. The
floor, roof, and walls of the ventilation chamber were not damaged.

The forward room of the structure has a 1/32-in. crack in the roof slab leading from the in-
terior corner of the antechamber to a point near the top of the center of the lintel beam over
the opening in the main-chamber partition. The crack is also present in the lintel beam. Diago-
nal hairline cracks start at the center of the roof slab and run toward the corners of the slab.
The walls of the forward room are not damaged. The floor slab has a '/'-in. crack that starts
at a point located at the front of the ventilating room and runs to the center of the room where
a box-shaped crack has been formed around the survey point X-13. It then continues to the
center of the opening in the main partition.

In the rear room of the main chamber, the 1/32-in. crack in the roof slab of the forward
room continues past the lintel beam and ends at a strain-gauge recess located in the center of
the roof slab. Hairline cracks lead from the recess and run toward the rear walls of the struc-
ture. The 1/a-in. crack in the floor slab of the forward room continues past the opening toward
the center of the room. This crack intersects another '/"-in. crack that begins at a concrete
deformator gauge mount and runs toward the rear of the structure. There is a 1/a-in.-wide
crack that connects the two concrete deformator mounts near the front of the rear room.

Appendix D contains the postshot dynamic analysis of the roof slab of the rectangular type
60 shelter. The analysis indicates that only minor cracking wab expected under the applied
blast load.

(d) Exit Chamber, Tunnel, and Emergency Exzt Shaft. The only damaged section of the
exit portion of the structure is the escape tunnel. Three continuous cracks were formed around
the walls, rouf, and floor s,,&L. The width c,4" f tlcse crackb vAries from '/1, to '/8 in. The smallest
crack is at the end wall of the main structure. The other two are toward the middle of the
tunnel.

(e) Doors. All blast doors, including the emergency exit cover, were undamaged, and the
locking mechanism and hinges functioned properly after the test.

Several days after the detonation, when the structure was first entered, the main blast
door was found in an open position. No damage to the plate, hinges, or dogs could be observed.
The door opened and closed in the same manner as before the test. It is believed that this door
was closed but that the dogs were left in the open position at test time.

The fire door located past the main blast door suffered from the pressure which seeped be-
hind the blast door. The front face exhibits extensive cracking and spalling. Two sections of
the 1/2-in, concrete facing, with an area of approximately 2 sq ft, were spalled off. The top hingc
of the door was dislodged from its recess; the bottom hinge remained intact. The door bolting
ensemble was broken after the test by the team recovering instrumentation and radiation data.

The gastight door was also damaged by the blast pressure. The center portion of the door
deflected inward approximately 1/2 in. The top spring type adjusting hinge was flattened out,
causing the door to be off center.

(f) Ventilation. Inspection of the natural ventilation system showed that the ball type anti-
blast valves had operated. The spheres, which were located in the exhaust and intake pipes,
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h.d ,rlae-Or w-' ..... t ... "-" ,ruduced by the bist wave forcing them against the interior
vent pipe. The sealing covers, which werc located at the interior ends of the pipes, were all

blown off and deformed The three quick-acting shut-off valves, which were in the closed posi-
tion before the test, were found to be in good working condition after the test. One of the valves
located near the dust filter was open; the remaining two valves were In their original position
after the test. The air distribution duct for ventilation was separatea at one of its joints. Tihe
valve of the air exhaust pipe leading from between the main blast door and the fire door into
the antechamber, which was in a closed position before the test, remained in the closed posi-
tion and was in good operating condition. Owing to the position of the antiblast valve located in
the exhaust pipe leading from between the fire and blast doors to the exterior wall into the en-
tranceway, its operation after the test could not be checked.

(g) Above-ground Portion of the Structure. The exhaust and intake stacks were sheared
off from 2 ft above to a few inches below grade. The main portions of the debris were found
approximately 5 to 100 yards behind the structure away from GZ. The overhanging portion of
the sand-pit roof slab was chipped and scoured on all four sides. One corner facing GZ was
completely broken off, and the reinforcing bars were exposed. The remaining sections of the
stacks and the sand pit were badly scoured.

(h) Miscellaneous. The electrical system within the structure was functioning properly
after the test. The six light bulbs that were strung on an electrical cable were intact and in
operating condition. An additional light bulb placed in an extension cable and mounted against
the wall facing GZ was in good condition.

The siphon used as overflow for the emergency ventilation was found to have had all its
condensation water evaporated after the test.

The radio equipment was recovered several days after the test and was in working condi-
tion at that time.

Blast damage incurred by structure Ul-1 is shown in Figs. 3.4 to 3.24.

3.1.2 Cylindrical Shelter, Type 50, Structure 11-2

(a) Main Entrance and Antechamber. No damage was observed in the roof, floors, or walls
of either the main entrance or the antechamber.

(b) Main Chamber. The circular precast rings in the main chamber were extensively
damaged but did not collapse. The upper segments of rings 2 through 10 were displaced down-
ward by varying amounts. There seems to have been no movement of rings 11 and 12 and the
exit portions of the structure. The movement downward of ring 10 in relation to ring 11 is ap-
proximately '/4 in. There is a general increase of the downward displacement of all the inclu-
sive rings between 10 and 2. Located at the joint between rings 2 and 3 is another sharp in-
crease in the downward displacement of about '/2 in. Rings I and 2 and the main entrance and
antechamber seem to have been displaced a greater amount than the remaining portionA of the
structure.

In addition to the downward movement of the rings, a flattening out of the rings occurred.
The upper portion of the rings was forced downward, thereby causing an outward movement of
the sides. This depression of the upper surface of the round rings produced an oblate shape,
with the major axis running approximately between points 2 and 8 and the minor axis between
points 5 and 11, Table 3.1. This oblate shape of the rings was predominant toward the center
portion of the structure.

The postshot measurements taken along the ring diameters are indicated in Table 3. 1.
All joints between rings 2 and 10 have developed cracking along parts of the circumfer-

ence. Most of these cracks developed either in the lower half of the rings or on the side of the
structure facing GZ. Several continuous circumferential cracks were formed at joints 2-3 and
10-11.

Extensive lamination or separation of the concrete between the interior faces of the rings
and the circumferential surface of the reinforcement has developed along the upper quarters of
the rings on the sides facing GZ and near their crowns. This separation may have extended be-
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yond the interior rings of the reinforcement. If the structure had been uncovered, it would have
been possible to verify whether these cracks extend completely through to the outer surface of
the concrete.

A continuous laminated area starts at the unnpr nuartpr Pnint fateing GZ of ring 51 and ter-
minmates near the crown of the joint between rings 9 and 10. The width of this laminated section
varies from 1 to 3 ft. An offshoot of this laminated area occurs at ring 8, where the crown of
the ring has been deflected downward approximately 1/1 in. below the crown of rings 7 and 9. In
addition to the sections already described, several laminated areas were formed at the crown
of rings 2 and 4 and also above the upper quarter point of ring 3 facing GZ.

Numerous longitudinal and transverse cracks were produced in the rings of the main
chamber. Most of the laminated sections are bordered by these cracks. The main laminated
section has a '/4-in. crack along its upper edge which starts at the mid-height of joint 2-3 and
runs toward the laminated section. This crack meets the laminated section at joint 4-5 and
then continues into the section. There is a 1/'"-in. crack beginning at the starting point of the
above-described crack and following the lower edge of the laminated area to a point located at
joint 6-7. A 1/4- to '/,$-in. longitudinal crack originates at the bottom of ring 10 and runs to a
laminated section located at the bottom of ring 6. Several %/4-in. longitudinal cracks were pro-
duced at the upper quarter facing GZ of rings 4, 5, 6, and 7. A vertical crack, located on the
side of, and running below, the laminated area of ring 2 on the GZ side of the structure, was
observed. This crack has approximately 2-in. spalling on each of its sides. One 1/32-in. verti-
cal crack, similar to the one described above, is located along the side of the laminated sec-
tion of ring 3 at its crown. Ring 8 also has a '/s2- to 1/ig-in. vertical crack along the top edge of
its laminated area. A large '/4- to '/2-in. vertical crack is located on the GZ side at the lower
quarter point of ring 10. This crack has 2- to 3-in. spalling on each of its sides and also gives
the impression that splitting of the ring was produced. Several vertical /is- and 1/32-in. cracks
were formed in ring 11.

On the side of the structure away from GZ, cracking occurred between the upper quarter
and the mid-height of ring 2. This crack has spalling continuously along each of its sides. A
similar crack was produced in the lower quarter of rings 7 and 10. Several diagonal %/4- and
1/32-in. cracks were formed at the upper section of rings 3 and 4. This is an indication of the
vertic;,J movement downward of that portion of the structure adjacent to the main entrance.

The crack patterns for the main chamber are shown in Figs. 3.25 and 3.26.

(c) Exit Chamber and Emergency Exit Shaft. The rear portion of the structure has no
structural damage.

(d) Doors. All doors (the main sliding blast door, main entrance blast and gastight doors,
exit chamber blast and gastight doors, and emergency exit trap door) were undamaged. The
frames, hinges, and latching mechanisms were in proper operating condition.

(e) Ventilation. The flap-plate cover located at the interior end of the natural intake vent
pipe, which was in the closed position during the test, was blown open but remained on the
hinge. A circular indentation is present on the antiblast ball valve. The rubber hose that con-
nected the natural ventilation pipe with the dust collector was blown off at the vent pipe end.
The quick-acting shutoff valve between the natural ventilation pipe and intake fan, which was
closed during the test, remained closed after the test anC is in good operating condition. The
quick-acting shutoff valve between the iand-pit filter and the intake fan was open during and
after the test and functioned properly upon inspection. At the interior end of the exhaust pipe,
the flap-plate sealing cover was in place after the test, but the rubber gasket had been squeezed
out. Owing to the inaccessibility of the ball type antiblast valve in the natural exhaust vent pipe,
its condition after the tebt could not be inspected.

(f) Above-ground Portion of the Structure. The portion of the ventilation system above the
ground surface was badly damaged. The vent stack had the weather-protection cover blown off,
leaving the reinforcement for the cover exposed. The reinforced-concrete surface of the stack
facing GZ was scoured, and several '/.- to %/32 -in. diagonal cracks were formed on this same
face. The overhanging portion of the sand-pit roof slab on the sides of the pit parallel with the
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blast line was blown off, and the reinforcement was exposed. The overhanging portion at the GZ
side of the pit had the bottom face flaked off and deposited in the hole below The rear face of
the pit was slightly scoured. All ventilation holes in the sides of the pit were free of rubble.

(g) Miscellaneous. The two generators located in the main section of the structure were
in operating condition, and the exhaust system showed no signs of pressure damage. The elec-
trical system of the structure operated after the test. The bulb that was mounted in an exten-
sion cable and protected by a wire cage mounted on the wall opposite from GZ had its filament
broken.

The portable transmitter-receiver radios were recovered several days after the test.
Several months after the test, an operational test of the antennas of structure 11-2 was per-

formed using the portable radios that had been located in structures 1U-1 and U1-2. Owing to the
failure of the standard radio batteries, 12-volt car batteries were used as replacements for
this test.

The operational test was performed by connecting one portable radio to the interior end of
the antenna of structure 11-2. By mounting the second radio on the rear of a 1-ton pick-up
truck, the distance between the two radios was increased by slowly driving the truck away from
the shelter. Periodical transmissional tests were performed several hundred feet apart. The
maximum distance for transmission was approximately 1500 ft.

The blast damage to structure 11-2 is shown in Figs. 3.27 to 3.45.

3.1.3 Entrance and Entrance Chamber, Type 65, Structure U1-3

(a) Entrancewa).. The concrete is cracked at the centerline of the roof slab of the en-
trane'e of structure 11-3 toward GZ. A /I$- to %2-in. crack starts at the free end of the roof
slab and runs to a pc -nt three-quarters of the distance down the sloped portion of the roof, at
which point it makes a 450 turn toward the exterior wall. The sloped section of the roof also
has a !/ 2-in. crack along the intersections of the roof slab and both retaining walls. Several
transverse cracks in the roof slab, located above the fourth, fifth, and sixth treads and ranging
from I/s to 1/32 in. in width, were observed. The stair has a %4- to '/,.-in. crack along its
centerline, beginning at the bottom riser and continuing to a point located at the seventh riser
from the top. Cracks 1/32 to I/Ig in. in width were produced along the entire intersections of the
interior and exterior walls, respectively. One vertical 1/ 22-in. crack started at the roof slab
and ran down the exterior wall to a steel loop. The loop had been cast into the wall at a point
one-quarter the height of the wall above the second riser from the bottom of the stairs. Several
1/32-in. cracks running the full height of the wall are located above the seventh and tenth risers
from the bottom. Two 1/32- and '/l-in. cracks that start at the fifth and sixth risers from the top
of the stairs meet at a common point at the top of the wall above the third riser. The interior
wall of the entrance has cracks that are similar to but smaller than (hairline to '/a in. in width)
those in the exterior wall.

The intersection of the roof slab and the exterior wall above the landing has a '/32-in. crack.
The interior wall of the landing has vertical 1/32-in. cracks located on the GZ side of the door.
Several of these cracks terminate at the steel loops which are cast in the wall. On the interior
wall on the opposite side of the door from GZ, there are several '/,.-in. vertical cracks.

The entrance leading away from GZ received the major portion of the damage. The roof
slab has a '/3 2-in. crack along the centerline of its sloped section similar to the centerline
crack described for the other entrance. Cracks t/6 and !s, in. were formed at the intersection
of the roof slab and interior and exterior walls, respectively. The stairs have continuous
cracks along their intersections with both walls. These cracks vary from zero inches at the
bottom to about '/4 in. at the middle and to about '/g in. at the top of the stairs. This is an indi-
cation of a bowing into the backfill of the two walls mid-way up the stairs. The interior wall
has a 3/,I- to ¼/4-in. vertical crack above the second tread from the bottom running to the roof
slab. There is spalling on both sides of this crack. It has several intersecting cracks which
also have spalling along their entire length. Along the centerline of the interior wall and par-
allel to the plane of the stairs, there is a I/,6-in, crack with a 6-in. spalled section on each side
of it. This crack, which has several lv6s-in. spalled cracks branching off, runs approximately
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the length of the stairs, starting at the third riser from the bottom and terminating at a chipped-
out section at the top of the wall The exte,.Ior wa1 of t. entrance a-way &om GZ has numer-
ous cracks varying in size from 1/4 to I/S in. in width. The major cracks locate, above the low
porti•on of the -ar"onsit In several verital 1 a-bn. cracks above the third and fourth treads.
A '/,-in. crack, which it parallel to the plane of the stairs, approximately one-third up the
height of the wall runs from the fourth to the eleventh tread. Several '/"- and '/32-in. cracks,
perpendicular to the plane of the stairs, are located near the upper steps.

The roof, stairs, and walls of the entranceway were scoured during the test. Debris was
deposited on tht 'airs and the landing. A steel instrumentation plate was deposited at the
bottom of the sta rs away from GZ.

The crack patterns for the entrance of structure [1-3 are shown in Figs. 3.46 and 3.47.

(b) Entrance Chamber. No damage was observed in the walls, roof, or floor slab of the

antechamber.

(c) Doors. The blast, fire-resistant, and gastight doors were undamaged. The door
frames gave no evidence of structural failure. The grouted sections around the frame anchors
were in the same condition after the test as before.

(d) Ventilation. The antiblast flap valve in the exhaust pipe was found in a slightly (ap-
proximately '/$ in.) open position. It could not be freed from this position after the blast. Close
inspection of the flap-valve assembly could not be made owing to a grillage plate welded to the
interior end of the pipe. It is quite possible that debris from the broken exhaust stack is lodged
behind the flap plate thus holding it in position. The intake pipe cover plate was put in place by
error in this test. The plate was partially blown off but remained in place. Inspection of the
working of the flap valve was not possible.

(e) Above-ground Portion of the Structure. The ventilation intake and exhaust stacks were
broken off at the ground surface. The dislodged sections were found 10 to 20 yards to the rear
of the structure.

(f) Miscellaneous. The electrical system within the structure was found to be in operating
condition after replacement of the light bulb. The light bulb, located on an extension cable and
encased in a wire cage, had a broken filament. The glass around the filament was intact.

The blast damage to structure 11-3 is shown in Figs. 3.48 to 3.56.

3.1.4 Entrance and Entrance Chamber, Type 65, Structure 11-4

(a) Entranceways. The entranceway roof slab facing GZ has a '/,4 -in. transverse crack.
This crack, which is at a 600 angle to the exterior wall, starts above the second tread from the
bottom of the stairs and runs approximately three-quarters the span of the roof. There has
been a separation of l/s and 1/f to '/31 in. between the stairs and the interior and exterior walls,
respectively. One vertical %2-in. crack is located in the exterior wall above the third tread
from the bottom running the full height of the wall. There was no damage to the interior wall of
the entrance facing GZ.

The landing roof slab has several transverse cracks. One of these cracks is '/32 in. wide
and is located near the opposite side of the door opening from GZ. Another, a diagonal crack,
starts at the GZ side of the door opening and runs toward the center of the slab. Ihe interior
wall has numerous %/,- and %/32-in. diagonal cracks located on the side of the door opening away
from GZ. On the exterior wall one crack was formed. This crack, running the full height of the
wall, is /S22 in.

The entranceway facing away from GZ, as in the case of structure 11-3, received most of
the blast damage. The roof slab has a centerline crack starting at the upper end of the slab and
running about one-half the sloped distance down the roof. At this point it makes a 900 angle and
continues toward the exterior wall. Approximately 1 ft down the slope from where the above
crack turns, another transverse crack, 1'/g in. in width, runs the full width of the entrance. The
four upper corners of the parapet around the entrance have %/,2-in. diagonal cracks. The inter-
sections of the stairs with both walls were opened. The interior wall has a %/,1-in. crack along
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the entire intersection, and the exterior wall has formed a crack that varies from '/33 in. at the
bottom riser to hairline in size at the fifth riser from the top. The exterior wall of this en-
trance has three major vertical cracks running approximately the full height of the wall. The

first two cracks are located over the second and third risers from the bottom and are 1/1, in.
wide. The third crack, 1/32 in. wide was formed above the fourth riser. Several '/ 64-in. cracks
perpendicular to the plane of the stairs weru formed in the upper section of this wall.

In the interior wall, one diagonal %/$6-in. crack, starting at the roof slab above the fourth
riser from the bottom of the stairs, runs downward toward the first riser. Two vertical 1/u-in.
cracks are located above the fifth and eighth risers from the bottom. These cracks run from
the roof slab to the mid-height of the wall. Also formed in the wall are two '/a-in. cracks per-
pendicular to the stairs at the upper section of the wall.

The roof, stairs, and wall of the entranceway were scoured by the blast. Debris was de-
posited on the stairs and landing during the test.

The crack patterns for the entranceway of structure 11-4 are shown in Figs. 3.57 and 3.58.

(b) Entrar.ce Chamber. The walls, roof, and floor slab of the antechamber were undam-
aged.

(c) Doors. The blast and combination fire-resistant gastight doors received no structural
damage. The frames and the latching mechanisms for the two doors functioned properly after
the test. The bolts passing through the sleeves were removed without difficulty after the blast.

(d) Ventilation. Investigation of the ball type antiblast valve indicated a circular indenta-
tion on the sphere which was produced by the blast pressure forcing it against the interior end
of the vent pipe.

(e) Above-ground Portion of the Structure. The section of the ventilation stack extending
3 in. above the finish grade was undamaged. There was slight scouring of the top corner of the

side of the stack facing GZ. The grillage over the surface end of the vent pipe was pulled from
its position.

(f) Miscellaneous. The light bulb located on an extension cable mounted on the wall of the
chamber fac!ng GZ was broken. The bulb was replaced after the test, and the electrical system
of the structure was then found to be in operating condition.

Blast damage to structure 11-4 is shown in Figs. 3.59 and 3.60.

3.1.5 Entrance and Entrance Chamber, Type 65, Structure U1-5

(a) Entranceways. At the intersections of the roof slab and the interior and exterior walls
of the entrance toward structures 11-3 and 11-4, separations of %/ in. and hairline, respectively,
were observed running the full length of the sloped portion of the roof. One transverse crack,
'/22 in. wide, the full width of the entrance is located above the third tread from the bottom. One
diagonal hairline crack was formed, starting at the interior-wall terminal of the above-
mentioned crack and running toward the exterior wall. This crack branches out into three in-
dividual cracks near the centerline of the slab. A hairline crack begins at a point located at the
uppermost end of the slab and runs along the centerline approximately half way down the sloped
surface of the slab. The intersection of the exterior wall and the stairs has a separation that
varies from hairline at the bottom to I/Ig in. at about the ninth riser from the bottom and then
back to hairline at a point four risers above, The crack continues the remaining distance up
the stairs as hairline in size. The interior wall has a '/a- to '/,,-In. diagonal crack making
about a 300 angle with the roof slab. This crack starts at the roof above the fourth riser from
the bottom and runs to the landing wall where it terminates. Several vertical and diagonal
cracks are located in the wall approximately half way up the stairs. Starting at the seventh
riser from the top, there is a 3/ 1*-in, crack that runs to the intersection of the end of the roof
slab and interior wall. The section of the wall above this crack is pushed into the backfill.
Several parallel of I/"- and 1/32-in. cracks are located above and below the above-mentioned
separation. The exterior wall exhibits vertical cracking the full height of the wall above the
second to fourth risers from the bottom inclusive. These cracks vary from hairline to 1,lq in.
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in width. Above the upper third of the wall hairline, %/,6-in. vertical and diagonal cracks were
obevd.

One hairline crack running the full length of the landing was formed at the intersection of
the roof siab and interior wall. Two diagonal cracks were produced In the interior wall of the
landing on the opposite side of the door from structures II-3 and II-4.

In the enLrance away from structures U-3 and U1-4, a transverse 1/32-in. crack was formed
in the roof slab above the third riser. This crack also exhibits a 1/31-ln. vertical movement

P downward of the upper portion of the slab. Approximately 2 ft up the slope of the roof a trans-
verse hairline crack was formed. A longitudinal hairline crack is located along the centerline
of the sloped roof slab. At the intersection of the roof slab and interior and exterior walls.
hairline and 1/33- to •/irin. cracks were produced. At three of the corners of the parapet around
the entrance, diagonal cracks varying from '/, to 1/2 in. in size were formed. A' ,ng the inter-
section of the hIterior wall and the stairs, a /14-in. to hairline separation occurred. A similar
crack, varying from hairline at the bottom to 1/2-in. at the top, was formed at the corner of the
stairs and the exterior wall. The exterior wall has a cluster of hairline to 1/16-in. vertical
cracks located above the second to fifth riser from the bottom. Four vertical hairline cracks
were produced in the upper portion of the wall. The uppermost portion of the exterior wall had
extensive cracking. A diagonal crack running between the sixth riser from the top to a point
located at the intersection of the end of the roof slab and the wall was observed. The section
above this crack was deflected into the backfill by the blast. Several parallel cracks are located
several feet below the above-mentioned crack. Additional cracks, which are perpendicular to
the stairs, were formed.

The roof, stairs, and walls of the entire entranceway were scoured by the blast. Rubble
from the exterior surface was found on both the stairs and the landing.

The crack patterns for the entrance of structure U1-5 are shown in Figs. 3.61 and 3.62.

(b) Entrance Chamber. No damage was observed in the walls, floor, or roof slabs of the
antechamber.

(c) Doors. The blast and gastight doors were not damaged. There were no cracks formed
around the grouted sections of the gastight door. The hinges and latching mechanisms were in
operating condition after the test.

(d) Ventilation. Investigation of the ball type antiblast valves located in the intake and ex-
haunst stacks indicated a circular indentation which was produced by the pressure forcing the
spheres against the interior vert pipes. Owing to the position of the antiblast valve located in
the exhaust pipe leading from between the gastight and blast doors to the exterior wall into the
entranceway, Its operation after the test could not be checked.

(e) Above-ground Portion of the Structure. The section of the exhaust ventilation stack ex-
tending above the ground surface was broken off at a height approximately 2 ft above the ground.
This stack lost its concrete cover. The intake ventilation stack was broken off about 11/2 ft be-
low the ground and was moved about 3 ft back. The remaining portions of the superstructure
were scoured.

(f) Miscellaneous. The electrical system was in operating condition after the test. The
light bulb located on an extension and protected by a wire cage functioned when the electrical
system was tested.

Blast damage to structure 11-5 is shown in Figs. 3.63 to 3.66.

3.2 INSTRUMENTATION

3.2.1 French Instrumentation

Records were obtained from nonelectric equipment, including maximum dynamometers,
glass disk diaphragms, caisson manometers, recording barometers, door lateral gauges, door
deformeters, concrete deformeters, recording pendulums, and a recording hygrometer. No
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I ostshot information was obtained from the peak thermometers, low-pressure manometer, tube
manometer, choc marts, one-unit flux meters, or the 12- and 9-unit flux meters.

The 3.5.4 electronic equipment, as in the case of some of the nonelectronic measuring de-
vices, failed to produce blast information. The principal reason for the failure of the recording
system was evident from the photographic records. These records indicated a breakdown at the
time of detonation between the timing signal circuit and galvanometer circuit. Several second-
ary reasons for failure of the equipment were (1) the failure of the fuses in the circuits which
provided power for the paper advance mechanisms in two of the miniature recorders and
(2) blackening of the photographic paper by nuclear radiation.

The results of the French instrumentation, with the exception of radiation instrumentation,

are indicated in Tables 3.2 to 3.12 and Figs. 3.67 to 3.70. A more fully defined description of
the test results, from which the instrumentation data have been accumulated, is given by Proj-

ect 30.5b in WT-1535.
A complete description of the radiation results is given in Sec. 3.2.3 of this report.

3.2.2 U. S. Pressure Instrumentation

Of the 33 BRL self-recording pressure-time gauges installed, 29 good pressure-time rec-
ords were obtained. The remaining four records gave only peak values. Two BRL self-record-
ing VLP-time gauges were also installed to obtain pressure vs. time records within the struc-
tures; both gauges (one each in structures 1i-1 and 11-2) gave very poor results.

The peak pressures and durations of the positive phase, as measured, are indicated in
Table 3.13. The pressure vs. time curves for the instrumentation provided in the structures
are shown in Fig. 3.71.

In addition to the pressure data obtained from the structure proper, blast-line pressure
information has been made available from Project 30.5b.

Data that have been obtained summarize the peak side-on and dynamic pressures of the
blast-line instrumentation, Tables 3.14 and 3.15 and Fig. 1.6. In addition to the peak values of
the pressures at various stations along the blast line, the peak pressure vs. distance curves
for the side-on and corrected dynamic pressures along the blast line are given in Fig. 3.72.

The pressure vs. time curves for the dynamic pressure gauges located at 500, 863, 981,
and 1135 yd from GZ are indicated in Fig. 3.73. The definitions of the ordinate symbols for
Fig. 3.73 are as follows:

P;- = total head pressure as measured

V = side-on pressure as measured
q*1 = dynamic pressure as measured
q* = dynamic pressure (corrected)

M* = Mach number

The pressure vs. time curves for the electronic incident air pressure (Wiancko) gauges
located at 280, 300, 335, and 392 yd from GZ and the self-recording incident pressure gauges
at 280, 300, and 392 yd from GZ are given in Fig. 3.74. The average pressure at the particular
distance from GZ is as noted on the curve. Pressure vs. time curves for the self-recording
incident pressure gauges located at 500, 863, 981, 1135, 1292, 1385, 1440, 1893, 2000, and 2667
yd from GZ are given in Fig. 3.75.

3.2.3 U. S. and French Radiation Instrumentation

Heavy instrumentation of the five French underground shelters was accomplished by the

use of Edgerton, Germeshausen & Grier (EG&G) film packs, which were placed in the shelters
to measure prompt-gamma-radiation doses at various locations within the shelters. Recovery
was made in all shelters. Project 39.lb/39.5 neutron detectors were used to supplement this
gamma information.

To compare French and American dosimetry techniques, French film plates and EG&G
badges were placed together in the five French shelters used on shot Smoky. Each French plate

consisted of eight film packs of various types taped to a piece of Plexi ,•as and wrapped in pack-
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ing material covered with a dust-tight plasti- hag Vie EG&G hgck ch.nsi-ted of fOur types o,
film in a polyethylene case mounted in a lead and tin box.

F fla.i. types used wy• r W tsI • ui0iuW

Range, r

(accurate portion of curve)

American process French process

Type (approximate) (approximate)

Kodak Periap•cal (K-P)
a 2 to 200 0 to 2
b 2 to 200 100

Chassen:ie Baroz 600 R Ctp.snn R)
a 20 to 500 150
b 20 to 1,000 600

Chassende Baroz 50,000 R (CB-50,000 R)
a 100 to 10,000 1,000
b 200 to 40,000 10,000
c 5,000 to 70,000 40,000

Film types used by EG&G were:

Range, r

Type (accurate portion of.. .rve)

Du Pont film pack, type 553
Type 502 5 to 12
Tv'e 510 8 to 250
Type 606 200 to 600

Eastman SO-1112 309 to 50,000

Two film packs on each French plate had a cadmium strip covering part of the packet.
Table 3.16 gives French (cadmium readings) and EG&G dosimetry comparisons.

All French films were processed with the American dosimeters to a gamma of approxi-
mately 1.3.

French control films placed in standard EG&G badges were irradiated and developed to
furnish calibration curves for the dose interpretation of the plates. It was thought that some of
the French control film had been calibrated, but, since no means of ide,..fication could be
found, these badges could not be distinguished from fresh film. Therefore a random series of
K-P and CB-600 R film badges was cut in half and made light-tight. One series of these half-
badges was then irradiated and processed with the other, nonirradiatrd (control), half. The re-
suits indicated that the Kodak badges chosen were all originally fresh film, and, since the con-
trols showed no darkening above normal, a good calibration curv, was obtained. Since some
discrepancies appeared on the CB-600 R films, it was necessary to run two calibrations to ob-
tain a curve. The CB-50,o00 R film calibration looked very satisfactory, and the doses inter-
preted from the plates in the shelters indicated these doses to be in fair agreement with the
American dosimeters.

A set of the remaining French badges was calibrated for processing in France to compare

French and American processing techniques. Kodak Periapical calibration packs were placed
in EG&G containers and were irradiated from 0.01 to 500 r on the EG&G Co8 0 calibration range,
and the administered dose was written on the packs; the remaining Kodak packs that were re-
turned were not irradiated.

Also included for return to France were nonirradiated controls plus irradiated CB-600 R
films (with doses from 0.5 to 500 r irradiated in the same manner as the Kodak film) and CB-
50,000 R films (with doses from 100 to 5 x 103 r).
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As a final step in preparing film plates for return, all processed French films were
mounted on cle-r plat•tc Ae.^^,9 lbleWd, d bo-nd .. book f-riz. with & tabie of contents, thus
making it possible to reread film densities directly from the pages without removing the films.

The results of the gamma-radiation film dosimeters are given in Fig. 3.76. The value- of
the radiation dosages given in the figure are average values of several dosimeters located near
the indicated values. These values indicate the total gamma-radiation dosage accumulated over
an approximate 52-hr period. The total dose vs. distance curve for the gamma film dosimeters
located along the blast line is given in Fig. 3.77. The results obtained by Project 39.1 from
gamma-radiation chemical dosimeters placed along the blast . Iih are given in Table 3.17.

Of the four sulfur and gold detectsrs placed In the French structures (Fig. 2.11), only one
gave reliatle results. In structure 11-2, readings of 3.315 x 107 and 1.588 x 1010 were obtained
for the sulfur and gold-cadmium difference, respectively, for detector No. 162. These values
are both in neutrons per square centimeter. In the same structure, detector No. 163 was not
recovered. The two detectors placed in structure 11-3, Nos. 164 and 165, were recove, - tor
late to be readable. The foregoing information was abstracted from the Project 39.1a report,
WT-1466. Results of all radiation-detection equipment are given by Projects 39.1, 39.1a, and
39.9 in reports ITR-1500, WT-1466, and ITR-1509, respectively.

3.3 GROUND-SHOCK SPECTRA

Peak displacement responses to shock of single-degree-of-freedom systems (reed gauges)
of various natural frequencies are presented in Table 3.18 for shots Smoky, Whitney. Galileo,
Charleston, and Stokes. As indicated in this table, peak displacement of reed gauges of known
frequencies were recorded near the surface in the free-field and In an underground rectangular
structure of Project 30.7 at the 1005-ft range.

These records show that the horizontal (radial) measurements are generally less than
one-half the vertical measurements. The horizontal displacements recorded in the shelter are
approximately the same as those for the free-field gauges adjacent to the structure. However,
the vertical displacements in the shelter were considerably less than the free-field measure-
ments, indicating attenuations in the vertical direction. In all cases high accelerations are
associated with high frequencies and high displacements with the low frequencies.

Figures 3.78 and 3.79 are plots of vertical (Fig. 3.78) and horizontal displacements (Fig.
3.79) vs. frequency recorded at shots Smoky, Whitney, and Galileo for near-surface free-field
values and values recorded inside the shelter during shot Smoky. This plot indicates that the
data follow a consistent pattern.

3.4 BIOLOGICAL TEST RESULTS

3.4.1 General

The major portion of the samples were recovered two days after the test. The specimens
in structure 11-2 were recovered three days after the test.

After recovery and examination of the mice, if death had occurred, the body and spleen
weights were recorded, and the entire organism was fixed in buffered Formalin. Average
weights of the surviving animals for each location were taken daily by getting the total weight
for each group and dividing by the number in the group.

3.4.2 Mortality

The immediate mor~ality of the mice was confined to structure 11-2 where 19 of the 20
specimens placed on the top landing of the stairs were found dead upon recovery.

The location, number, time of recovery after the test, and time of death of the mice that
had died between their recovery and 20 days after the test are given in Table 3.19. The table
also includes the 19 mice of structure 11-2 referred to above.

Of the control mice left unattended, none had died up until a period of 20 days after the
test. As previously stated, each sample consisted of 20 mice.
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Table 3.1 -DIAMETRICAL POSTSHOT ..IEA9UREMENT OF PRECAST RINGS AND JOINTS

Diamelrically opposite points

Location 1-7 2-8 3-9 4-10 5-11 6-12

Joint T1-1 7 ft 2%/, in.
Ring - 7 ft 2/ 2 in. 7 ft 21/2 in. 7 ft 21/2 in.
Joint 1-2 7 ft 22/is in. 7 ft 2'/2 in. 7 ft 2.12 in.
Joint 2-1 7 ft 23/4 in. 7 ft 3 in. 7 ft 2/8 in.
Ring 2 7 ft 2%/s In. 7 ft 2'/, in. 7 ft 2/4 in.
Joint 2-3 | Concrete 7 ft 23/4 in. 7 ft 2114 in. 7 ft 2'/i1 in. Concrete Concrete
Joint 3-2 seat r ft z2 i in. 7 ft 3!,/; in.. 7 ft 3 I/.• In. seat seat
Ring 3 location 7 ft 2i$/,6 in. 7 ft 3/4 in. 7 ft 31/ts in. location location
Joint 3-4 7 ft 2'3/ýS in. 7 ft 3'/4 in. 7 ft 21/8 in.
Joint 4-3 7 ft 3/2 in. 7 ft 33/% in. 7 ft 31/5 in.
Ring 4 7 ft 31/4 in. 7 ft 3'/ 4 in. 7 ft 2"/16 in.
Joint 4-5 7 ft 33/4 in. 7 ft 3 in. 7 ft 2"/,s in.
Joint 5-4 7 ft 37/16 in. 7 ft 3 in. 7 ft 2%/, in.
Ring 5 7 ft 21/2 in. 7 ft 3'/4 in. 7 ft 3 in. 7 ft 211/I in, 7 ft 211/is in. G.L.
Joint 5-6 7 ft 23/ in. 7 ft 3 in 7 ft 2•/,/ 4 in. 7 ft 2% in. 7 ft 1 2/,6 in. 7 ft 1' 3/, 6 ir.
Joint 6-5 7 ft 2T /is i. 7 ft 3 inm 7 ft 3 in. 7 ft 27/8 in. 7 ft 2'/s in. 7 ft 2A/4 in.
Ring 6 7 ft 2'/14 in. 7 ft 21!,/6 in. 7 ft 2' 3/I in. 7 ft 2% in. 7 ft 03/4 in. G.L.*
Joint 6-7 1 ft 2// 6 in. 7 ft 2'/8 in. 7 ft 2%/4 in. 7 ft 2% in. 7 ft 1% in. 7 ft 1'/4 in.
Joint 7-6 7 ft 22/$ in. 7 ft 33/16 in. 7 ft 21/81 in. 7 ft 3%/4 in. 7 ft 2 in. 7 ft 1"/l g in.
Ring 7 7 ft 21/s in. 7 ft 3i,,/ inr. 7 ft 3'/16 in. 7 ft 21'/1s in. 7 ft 10/4 in. 7 ft 1% in.
Joint 7-8 7 ft 2'/i in. 7 ft 3 in. 7 ft 2 5/,$ in. 7 ft 2% in. 7 ft 1% in. 7 ft 13/4 in.
Joint 8-7 7 ft 2 3Z I. r 7 ft 3'/,6 in. 7 ft 33/% in. 7 ft 3" 1; in. 7 ft 13/4 in. 7 ft 1"/a in.
Ring 8 7 ft 23/, in. 7 ft 3/4 in. 7 ft 33/8 in. 7 ft 3 in. 7 ft 1 3/Ag in. 7 ft 13/ 4 in.

Joint 8-9 7 ft 2 in 7 ft 32/g in. G.L.* 7 ft 21/4 in. 7 ft III//I in. 7 ft 1V/4 in.
Joint 9-8 7 ft 21/4 in. 7 ft 3'/g in. 7 ft 33/% in. 7 ft 2%/! in. 7 ft i1/6 in. 7 ft 1'/4 in.
Ring 9 7 ft 2/,g in. 7 ft 33/% in. 7 ft 31/4 in. 7 ft 2/8 in. 7 ft 11"/1e in. 7 ft 1i/4 in.
Joint 9-10 7 ft 2/,g in. 7 ft 3'1/S in. 7 ft 3 in. 7 ft 2'/4 in. 7 ft 1% in. 7 ft 1/4 in.
Joint 10-9 7 ft 22/4 in. 7 ft 3'/2 in. 7 ft 3%/8 in. 7 ft 3'/Z1 in. 7 ft 15/16 in. 7 ft 1/4s in.
Ring 10 7 ft 2 in. 7 ft 33/ 5, in. 7 ft 3'/8 in. 7 ft 2"/ie in. 7 ft i/ in. 7 ft 1%/ in.
Joint 10-11 7 ft 2 in. 7 ft 2•/ in. 7 ft 23/4 in. 7 ft 23/4 in. 7 ft 03/4 in. 7 ft 113/16 An.

Joint 11-10 7 ft 2'/2 in. 7 ft 2'/8 in. 7 ft 3 in. 7 ft 2%/8 in. 7 ft 2'/2 in. G.L,*
Ring 11 7 ft 21/2 in. 7 ft Z% in. 7 ft 2/2 in. 7 ft 22/2 in. 7 ft 21/16 in. G.L.*
Joint 11-12 7 ft 2/$s in. 7 ft 2'/2 in. 7 ft 2'/8 Ir.. 7 ft 224 in. 7 ft 25/,G in. G.L. *
Joint 12-11 7 ft 23/l in. 7 ft 2•/4 in. 7 ft 2'/4 in. 7 ft 2'/as in. 7 ft 2"/ý6 in. C.L.*
Ring 12 7 ft 21/2 in. 7 ft 2'/16 in. 7 ft 2% in. 7 ft 21/2 in. 7 ft 2/11; in. 7 ft 2%/• in.
Joint 12-T2t 7 ft 2,/,6 In. 7 It 2 in. 7 ft 2in. 7 ft 2 in. 7 ft 23/1 6 in. 7 ft 2in.

*G.L.. gauge location (no measurement because of gauge interferences).

tGrout along joint 12-T2. 1 12

10 0 -2 FACING T-2
GZ
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Table 3.2-RESULTS OF FRENCH INSTRUMENTATION

Designation Description Results Cause

3.2.1.1 Maximum dynamometer See Table 3.3; 3 of 31 gauge Probably pressure too lo, to

records gave no results, depress pistons.
3.L.1..5 Glass disk diaphragms See Table 3.4; disks in Probably by debris carried by

structures 11-1, 11-3, and shock wave.
11-4 were completely
shattered.

3.2.2 1 Low-pressure manometer No rise in pressure after
arrival of blast wave.

3.2.2.2 Caisson manometer See Table 3.5; manometer Glasb in cover, metal cover
records in structure 11-4 and the recording arm
gave no results, were broken.

3.2.2.3 Recording barom 'er See Table 3.6; barometer Recording pen was bent and
records in structure 11-4 glass in cover was
gave no results, shattered.

a.2.3.1 Tut'e man.ometel "".erl ,btat"^d Rc.,rdlrng i.n A.Leu irom
chart surface.

3.5.4 Pressure gauge See Table 3.12. Probably due to breakdown of
timing signal and galva-
nometel circuit.

3.1.1.1 Door lateral gauge See Table 3.7.
3.1.1.2 Door deformeter See Table 3.8.
3.1.1.3 Concrete deformeter See Table 3.9; one deflec-

tion recording exceeded
the limit of the lead plate.

3.1.1.4 Recording pendulum See Figs. 3.67 to 3.70; no Recording paper badly torn by
pendulum record for point of pencil.
structure 11-4.

3.1.1.4 Choc mart No results obtained. Insufficient acceleration of
structure.

3.5.4 Seismograph Record not readable.
3.5.4 Acceleration gauge See Table 3.12. Probably due to breakdown of

timing signal and galva-
nometer circuit.

3.5.4 Deflection gauge ,e Table 3.12. Probably due to breakdown of
timing signal and gal% a-

nometer circuit.
3.5.4 Strain gauge See rable 3.12. Probably due to breakdown of

timing signal and galva-
nometer circuit.

3.3.1.1 I-Unit flux meter No results obtained. Due to missing elements,
light, severe dust erosion,
and missile damage.

3.3.1.2 Peak thermometer See Table 3.10.
3.3.1.4 12-Unit flux meter No results obtained. No color change.
3.:1.1.4 9-Unit flux meter No results obtained. No color change.
3.3.2.1 Recording thermometer See Table 3.11.
3.3.2.2 Recording hygrometer Recorded humidity was

47 j.*
3.5.4 Temperature gauge See Table 3.12. Probably due to breakdown of

timing signal and galva-
nometer circuit.

3.4.1.1 Film badge See Section 3.2.1.
3.4.1.3 Dosimeter recorder See Section 3.2.1.
3.5.4 Temperatures and See Table 3.11. Probably due to breakdown of

pressure timing signal and galva-
nometer circuit.

3.5.4 Temperature, pressure. See Tible 3.12. Probably due to breakdown of

and acceleration timing signal and galva-
nometer circuit.

*The actual vatue of humidity recorded by meterological services at the Nevada Test Site was 31 per
cent.
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Table 3.3-DATA FROM MAXIMUM DYNAMOMETER (3.2.1.1)

Displacement Overpressure
Structure Gauge of segment,

No. No. mm kg/cm2  psi Remarks

11-1 1 18.25 9.125 129.8 None

2 0.00 None

3 0.00 None
4 8.10 4.05 57.6 None
5 17.10 8.55 121.6 None

6 13.00 6.50 92.4 None
7 14.00 7.00 99.6 None
8 0.10 0.05 0.7 None

11-2 1 35.20 17.60 250.3 None
2 66.00 33.00 469.3 Modei ate sand

Jiasting
3 6.00 3.00 42.6 Ncne

4 0.10 0.05 0.7 None
5 0.10 0.05 0.7 None

11-3 1 29.10 14.55 206.9 None
2 14.00 7.00 99.6 None

3 19.50 9.75 138.7 None

4 41.50 20.75 295.1 None
5 6 ).Ou 30.00 426.7 *

6 23.20 11.60 164.9 None

11-4 1 14.50 7.25 103 1 None
2 13.90 6.95 98.8 None
3 21.80 10.90 155.0 None

4 0.00 None

5 33.50 16.75 238.2 None
6 12.50 6.25 88.9 . oderate sand

blasting

11-5 1 11.20 5.60 79.6 None

2 16.50 8.25 117.3 None
3 16.50 8.25 117.3 None
4 13.50 6.75 96.0 None

5 13.00 6.50 92.4 None
6 17.50 8.75 124.4 None

*The ventilator was sheared by the blast wave and carried approximately 115 ft

south of its original position. When found, the chimney had been overturned; so the
face bearing the gauge was resting on the ground. The gauge suffered severe sand

blasting.
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Table 3.4-R-..SULTS OF GLASS-DISK PRESSURE INDICATOR (3.2.1.5)0

Structure Assembly Diameter of
No. No. disks, mm Remarks

11-1 6 56, 58, 60, 64, 68, 72, All disks completely shattered.
75. 80

11-2 10 52, 54, 76, 80, 90, 100 No damage, glass intact.
11-3 9 76, 80, 90, 100 All disks completely shattered.
11-4 11 52, 54, 56, 58, 60, 64, All disks completely shattered.

68, 72
II-5 12 56, 72, 76, 80 Disks completely shattered.

58, 64, 68t Many radial cracks converging
near center of disk.

60 Undamaged

* Information for the evaluation of pressures is not available at this time.

tSmall elliptical hole 5.5 by 3.0 mm near point of convergence.

Table 3.5-RESULTS OBTAINED BY' CAISSON MANOMETER (3.2.2.2)

Atmospheric Maximum

Structure Instrument pressure, pressure, Overpressare.
No. No. k."CM2 kg/cm2  kg/cm2

11-3 4 0,9 1.05 0.15
(2.12 psi)

11-4 5 0.9 No record
11-5 6 0.9 1.02 0.12

(1.72 psi)

Table 3.6-RESUJLTS OF RECORDING BAROMETER (3.2.2.3)

Atmospheric Maximum Overpressure

Structure Barometer pressure, pressure,
No. No. mm Hg mm Hg mm Hg psi

Il-I 6 709 72 1.4

11-2 4 643 760 117 2.3

11-3 8 643 740 97 1.9
11-4 9 639 No record*
11-5 10 641 727 86 1.7

* Barometer damaged by excessive overpres rure.
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Table 3.7-DATA FROM LATERAL GAUGES (3.1.1.1)*

Depth of
Structure Lead plate Gauge depression,

No. No. location mm Remarks

11-1 1 Lintel 1.3 Smooth depression
2 Sill 1.7 Smooth depression
3 North jamb 0.0
4 South jamb 3.3 Smooth depression
5 Lintel 9.0 Complete puncture
6 Sill 0.7 Smooth depression

(evidence of bounce)
7 Lintel 6.8 Complete puncture
8 Sill 0.4 Smooth depression
9 North jamb 0.4 Smootl0 depression

10 South jamb 0.4 Smooth iepression

11-2 1 West jamb 2.4 Smooth d-p'ersion
2 East jamb 2.4 Smooth depression
3 Lintel 0.3 Smooth depression
4 Sill Not readable Faint impression
5 West Jamb 0.2 Depression not

clearly defined
6 East jamb 0.2 Smooth depression
7 Lintel 0.3 .mooth depression
8 Sill 1.6 Smooth depression

11-3 41 Lintel 1.1 Smooth depression
42 Sill Not readable Faint impression

II-4 45 Lintel 0.5 Smooth depression
46 Sill 0.8 Smooth depression

11-5 a Lintel Not readable Faint impression

2 Sill 0.1 Light scrape
3 West jamb 1.9 Smooth depression
4 East jamb 1.1 Smooth depression

*GZ direction is as-,umed north of structure.
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Table 3.8-DATA FROM DOOR DEFORMETER (3.1.1.2)

Depth of
Structure Assembly Lead plate t., tession,

No. No. No. mm Remarks

Il-1 B-3 A-61 2.0 Smooth depression
A-62 2.7 Smooth depression
A-64 2.8 Smooth depression
A-65 2.0 Smooth depression

B-4 A-66 0.4 Smooth depression
A-67 0.5 Smooth depression
A-68 0.6 Smooth depression
A-69 0.9 Smooth depression
A-70 1.3 Smooth depression

11-2 B-5 A-71 0.6 Smooth depression
A-72 0.6 Smooth depression
A-73 0.7 Smooth depression
A-74 0.5 Smooth depression
A-75 0.9 Smooth depression

II-.! B-8 A-86 4.0 Smooth depression
A-87 4.3 Smooth deprepsion
A-88 M.5 Smooth depression
A-89 4.1 Smooth depression
A-90 4.2 Smooth depression

11-5 B-10 A-96 4.9 Smooth depression
A-97 5.6 Smooth depression
A-98 4.9 Smooth depression
A-99 4.2 Smooth depression
A-100 3.6 Smooth depression

77



Table 3.9-DATA FROM CONCRETE DEFORIMETERS (3.1.1.3)

Depth of
Structure Lead Wlate depression-

No. :o. mm Remarks

lI-1 1 1.6 The smoothness and symmetry of the depression indicate
perpendicular penetration by the punch.

2 0.7 After the first penetration, the punch made a series of
four contacts about 0.240 mm in depth along a slide
approximately 2.4 mm in length and 0.1 mm in depth.

11-2 1 18.6 The punch completely penetrated the plate. The total dis-
placement of the ceiling was arrived at by adding the
measurement of the deformation of the lead plate to the
measurement of the length the punch protruded. This
length was found by measuring the length of the scratch
marks in the machirist's blue, which the punch had
been coated with before-hand.

2 6.9 This represents the first penetration of the punch.
5.4 This penetration apparently occurred as a result of a

change in position of the punch during the reaction to
acceleration.

3 0.8 The punch made a sliding contact. Size of the contact was
approximately 5 by 4 mm.

11-3 1 1.3 First contact of the punch.
0.9 Second contact of the punch.

U1-4 1 0.5 The punch produced a sliding indentation.
11-5 1 0.9 The depression %,is very smooth.

Table 3.10-TEMPERATURE MEASUREMENTS USING MAXIMUM THERMOMETER (3.3.1.2)

Structure Thermometer Preshot, Temp., OC Postshot, Temp., *C
No. No. clinic type (indicator type) clinic type (indicator type)

11-1 3 28 26 28 26
4 27 27 43 44

11-2 6 29 31 56 57.5
11-5 8 28 28 32 35.5

Table 3.11-RESULTS OBTAINED BY RECORDING THERMOMETER (3.3.2.1)

Structure Thermometer Temp., "C,
No. No. at zero time Temp., "C, following blast

11-1 6 25.5 27.5
12 24.0 33.5

11-2 7 42.0 Final maximum temperature in this chamber rose
to 57.5C as a result of heat caused by the gaso-
line generator

14 26.5 29
11-3 8 27 29
11-4 4 25 47
II-5 10 26 26
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Table 3.12-SUMMARY OF PERFORMANCE OF ELECTRONIC RECORDER

Channel Phenomenon Recorder
No. measured No-. Remarks

8 Strain 3971 No record, film blackened
9 Strain 3971 No record, film blackened
10 Strain 3971 No record, film blackened
11 Strain 3971 No record, film blackened
42 Displacement 3968 No record, film blackened

43 Displacement 3968 No record, film blackened
44 Displacement 3968 No record, film blackened
47 Displacement 320 No trace on paper
37 Acceleration 323 Poor record, intermittent trace
38 Acceleration 323 Poor record, intermittent trace

40 Acceleration 323 Poor record, intermittent trace
60 Acceleration 321 Poor record, intermittent trace
61 Acceleration 321 Poor record, intermittent trace
62 Acceleration 321 Poor record, intermittent trace
54 Earth pressure 326 No revord, recorder did not run

55 Earth pressure 326 No record, recorder did not run
56 Es.rth pressure 325 Poor record, intermittent trace
48 Earth pressure 325 Poor record, intermittent trace
49 Earth pressure 325 Poor record, intermittent trace
50 Earth pressure 326 No record, recorder did not run

59 Earth pressure 326 No record, recorder did not run
52 Earth pressure 325 Poor record, intermittent trace
53 Earth pressure 325 Intermittent trace, no evidence

of response
73 Air pressure 322 Poor record, intermittent trace
74 Air pressure 322 Poor record, intermittent trace

75 Air pressure 322 Poor record, intermittent trace
77 Air pressure 322 Poor record, intermittent trace
67 Air pressure 320 Poor record, intermittent trace
72 Air pressure 320 Poor record, intermrittent trar'..
22 to 27 Temperature 324 No record, recorder did not run

1S, 15, 16,
19, 20, 21 Temperature 324 No record, recorder did not run

30, 31, 33 Temperature 324 No record, recorder did not run
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Table 3.13-RESULTS OF BRL SELF-RECORDING PRESSURE VS. TIME GAUGES

Structure Gauge Peak pressure,
No. No. psi Duration of positive phase, sec

Hl-I 1 90.0 0.228
2 112.0 Peak pressure only

3 2.2 0.130
4 2.2 3.319
5 110.0 0.236
6 78.0 0.222
7 132.0 0.174
8 0.4 0.595
9 0.36 0.722

VLP-10 0.5 Poor record (recording stylus jumping caused by
acceleration from the floor of the structure).

11-2 1 2.5 0.835
2 0.7 1.175
3 2.8 2.150
4 250.0 1.340

VLP-2 0.3 Gauge stopped recording after 481 msec.

11-3 1 115.0 0.188
2 1.4 0.610

U-4 1 98.0 0.288
2 104.0 0.850
3 100.0 0.170
4 90.0 0.260
5 82.0 0,264
6 78.0 0.203
7 70.0 0.139

8 94.0 0.188
9 96.0 0.185
10 110.0 0.185
11 12.0 0.270

11-5 1 103.0 0.230
2 104.0 0.259
3 100.0 Peak pressure only
4 112.0 0.230
5 94.0 Peak pressure only
6 78.0 Peak pressure only
7 1.4 0.654
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Table 35i4-B LAf- -LiNE MEASUREMENTS OF
PEAK DYNAMIC PRESSURE

Max. dynamic
pressure*

Distance from (corrected),
GZ, yd psi

280 360
300 320
335 280
392 230
590 74
810 28

1440 1.5

*Taken from Fig. 3.72.

Table 3.15-BLAST-LINE MEASUREMENT OF PEAK OVERPRESSURE

Peak
Distance from Type of pressure,

GZ, yd gauge psi Remarks

280 Self-recording 175.0 Poor record
Electronic 165.0 Good record

300 Self-recording 165.0 Good record
Electronic 145.0 Good record
German 166 Peak pressure

335 Self-recording 116.0 Peak only
Electronic 110.0 Good record
German 101 Peak pressure

392 Self-recording 81.0 Good record
Electronic 75.0 Good record

German 59 Peak pressure
500 Self-recording 44.5 Good record
590 26.0 From pressure vs.

distance curve
672 Electronic 18.2 Peak only

German 18.2, 22.7 Peak pressure

810 11.5 From pressure vs.
distance curve

863 Self-recording 8.8 Good record
German 11.5, 14.2 Peak pressure

981 Self-recording 10.4 Good record
1135 Splf-recording 6.4 Good record
1292 Self-recording 7.2 Good record
1385 Self-recording 6.3 Good record
1440 Self-recording 7.2 Good record
1893 Self-recording 4.9 Good record
2000 Self-recording 4.6 Good record
2667 Self-recording 2.8 Good record
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Table 3.16-COMPARISON OF FRENCH AND EG&G DOSIMETRY

5-ft French plate

fhelter Inside Av. dose, 5-ft EG&G badge 5-ft EG&G badge 3-ft EG&G badge

No. location No. r (Cd) No. Dose, r No. Dose, r No. Dose, r

11-1 24 51 2.78 1979 1.5 1978 1.9
11-1 20 and 21 52 3.73 1970 1.8 1971 1.7 1972 2.3
11-I 16 53 24.50 1962 7.4 1963 7.4
Il-1 33 54 3.95 2564 2.7 2565 2.7 2566 2.7
11-1 35 and 36 55 18.80" 2570 8.7 2569 5.4

11-1 1 56 8.9 - 1020 1937 7.0 x 10st 1936 1.8 x 101t 1935 1.6 x 10'
I1-1 39 57 35. 2580 31.0 2579 27.0 2578 31.0

11-2 5 and 6§ 59 17.te8 2512 26.0 2511 25.0 2510 19.0
U1-2 19 and 20 60 26.00 1918 15.0 1917 13.0 1916 18.0
1-2 14 and 15 61 23.13 1909 42.0 1908 38.0 1907 30.0
11-2 9 and 10 62 205.50 2518 24.0 2519 22.0 25!7 19.0

11-3 3 and 4 44 and 45 19.44 2521 22.0 2522 21.5
U1-3 8 and 9 46 27.50 2520 38.0 2528 35.0 2527 34.0

H-4 5 and 6 67 24.50 33.01 36.9**
11-4 9 and 10 68 24.38 2497 53.0 2498 53.0

11-5 3 and 4 71 19.38 2476 28.0 2477 25.0
11-5 8 and 9 72 34.13 2484 45.0 2486 46.0 2485 54.0

*Recovered one month later than the other badges.
tAt 11 ft.
tAt 7 ft.
1 3 and 4 were not recovered.
I Average dose at 5 ft for Nos. 2494 and 2496.

**Average dose for Nos. 2493 and 2495.

Table 3.17-BLAST-LINE GOAL-POST DATA*

Slant range

Range, yd (D), yd Dose, r RD'

400 466 Lost
600 649 Lost
800 841 L*,st

1000 1034 Lost
1200 1229 1.51 x 10' 2870 4.33 x 10'
1400 1426 2.03 x 106 2235 4.54 x 10'
1500 1525 2.33 - 101 1700 3.96 - 10'
1600 1623 2.63 x 10e 1480 3.89 x 109

1700 1722 2.97 x 101 1420 4.22 x 10'
1800 1821 3.32 x 10' 1150 3.82 x 10'
1900 1920 3.69 x 101 1325 4.89 x 10'
2000 2019 4.08 - 10# 1000 4.08 x 10'

* Not plotted, results contaminated by fallout, recovery D + 3 days.
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Table 3.18- DISPLACEMENT SHOCK SPECTRUM

Radial Direction* Vertical Direction-

f D f D) 1 D I D

cps in. cps in. cps in. cps in.

Shot Slokes, surface, 33 -psi overpressure

Gauge 1 Gauge 3 Gauge 2 Gauge 4

2.56 2.66 0.199 2.56 0.710 2.74 0.516
8.82 0.137 8.87 0.0260 8.82 0.569 9.66 0.440

22.0 0.0318 22.2 0.0248 22.0 0.101 20.4 0.165
36.0 0.0451 36.5 0.0093 36.0 0.0498 32.8 0.0633
90.0 0.0231 92.0 0.0074 90.0 0.0385 88.0 0.0560
3.34 0.0056 132 0.0018 131 0.0128 133 0.0309

184 0.0121 176 0.0017 179 0.0088 185 0.0154
228 0.0027 224 0.0020 209 0.0030 220 0.0066
2G9 ý.0OG5 279 268 0.0027 2E5 0.0026
339 312 303 0.0033 293 0.0012

Shot Smoky. inside shelter. 116-psi overpressure

Gauge 5 Gauge 6

2.72 2.25 2.54 1.62
9.37 0.453 8.72 0.906

22.3 0.113 21.9 0.336
36.9 0.0451 37.0 0.0744
95.0 0.0185 92.0 0.0167

138 0.0101 138 0.0099
184 0.0099 185 0.0034
234 0.0041 246 0.0051
285 0.0022 280 0.0039
296 0.0031 363 C.0038

Shot Smoky, surface. 116-pai overpressure

Gauge 9 Gauge 7 Gauge 8

2.55 1.95 2.60 5.45 2.53 4.53
9.12 0.359 8.56 1.52 8.82 1.46

22.4 0.189 22.4 0.845 22.6 0.525
33.9 0.131 37.4 0.254 37.1 0.21 5
93.0 0.0227 91.0 0.132 93.0 0.103

107 0.0149 132 0.0673 137 0.0450
181 0.0107 187 0.0221 180 J.0199
203 0.0042 238 0.0106 236 0.0122
293 0.0055 280 0.0112 294 0.0055
357 0.0027 335 0.0066 328 0.0066

Shot Galileo, surface, 130-psi overpressure

Gauge 11 Gauge 10 Gauge 12

2.35 0.653 2.48 4.10 2.47 4.25
8.83 0.377 8.26 0.946 8.23 1.22

22.5 0.164 22.7 0.320 21.0 0.475
36.5 0.0453 37.1 0.314 25.C 0.280
95.0 0.0349 94.0 0.140 94.0 0.121

138 0.0184 138 0.0441 136 0.0267
186 0.0103 187 0.0446 178 0.0442
237 0.0032 234 0.0098 229 0.0161
294 0.0046 272 0.0139 300 0.0121
317 0.0029 365 0.0046 339 0.0053
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t Table 3.18- (Continued)

SRadial directions Vertical direction*

f D f D f D f D

cps in. cps in. )s in. cps in.

Shot Whitney, surface, 146-pai overpressure

Gauge 4t Gauge 3t

2.74 1.60 2.66 3.10

9.66 0.260 8.87 1.47
20.4 0.119 22.2 0.788
32.8 0.0834 36.5 0.348
86.0 0.0187 92.0 0.141

134 0.0118 132 0.0992
185 0.0088 176 0.0402
220 0.0064 227 0.0090

269 0.0026 284 0.0152
314 0.0C54 330 0.0080

Shot Charleston, surfacet

Gawc 5 Gauge 9 Gauge 6 Gauge 8
(20-pal overpressure) (18-psa overpressure) (2 0 -pai overpressure) (18-psi overpressure)

2.72 0.263 2.55 0.265 2.54 2.53 0.728
9.37 0.111 9.12 0.0838 8.72 0.280 8.82 0.3s68

22.3 0.0900 22.4 0.0691 21.9 0.221 22.6 0.194
36.9 0.0404 33.9 37.0 37.1 0.0828
95.0 0.0190 93.0 0.0096 92.0 0.0246 93.0 0.0208

138 0.0100 107 0.0050 138 0.0093 137 0.0048
184 0.0014 181 0.0023 185 0.0062 180 0.0025
234 0.0030 203 0.0020 246 0.0023 236 0.0015
285 0.0026 293 0.0019 280 0.0023 294 0.0015

296 0.0020 357 0.0009 363 0.0007 328 0.0016

Gauge 11 Gauge 10 Gauge 12
(15-psi overpressure) (15-psi overpressure) (12-pal overpressure)

2.35 0.879 2.48 0.407 2.47 0.492
8.63 0.262 8.26 0.163 8.23 0.177

22.5 0.195 22.7 0.0726 21.0 0.207
36.5 0,a804 37.1 0.0231 35.0 0.0786
95 0.0246 94.0 94.0 0.0193

138 0.0033 138 136 0.0101
186 0.0020 187 178 0.0053
237 0.0019 234 229 0.0005
294 0.0011 272 300
317 0.0007 365 0.0009 339 0.0006

*f, natural frequency; D. peak displacement.
t Canister tops were about 18 in. below ground level in hard ground. Two other gauges bolted to con-

crete pads in the same vicinity were knocked loose and data were lost.
tTangential direction for gauge 7 (20-psi overpressure): insignificant displacement.

Table 3.19-MORTALITY R.ESULTS OF BIOLOGICAL TESTS

Time of
Structure recovery after

No. test, days Number and time of deathb

11-1 2 None
11-2 3 19 before recovery and I on day of recovery
I1-3 2 1 on 2 days after recovery
11-4 2 1 each on 12 and 17 days after recovery
11-5 2 1 each on 1, 8. 11. and 13 days after recovery
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Fig. 3.2-Floor-slab crack pattern, structure 11-1.
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Fig. 3.7 -Roof-slab cracks of the rear section of the main chamber.
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Fig. 3.9- Blast results of interior end of intake ventilation pipe.
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Fig. 3.10-Over-all view of blast results of interior
end of exhaust pipe.

Fig. 3.11 -Internal blast results of interior end of
exhauct pipe.
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Fig. 3.12 -Blast damage to ventilation duct connections.
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Fig. 3.13-Roof-slab cracks of forward section of main chamber.
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Fig. 3.14-Blast dareage of main entrance.
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Fig. 3.16-Debris resulting from blast at the main
entrance.

WS

Fig. 3.17 -Blast debris and damage of the entrance
facing away from GZ.
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Fig. 3.18-Cracks formed in roof slab of landing.

Fig. 3.19-Blast results of exit tunnel.
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Fig. 3.20--Debris and damage produced by the blast
wave in the entrance facing away from G7.

Fig, 3.21 -Detail view of chipped-out section at top
of entrance facing away from GZ.
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Fig. 3.22--Posishot view of sand pit.admi nrne
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Fig. 3.24-Postshot view of the corner of the sand-pit facing GZ.
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Fig. 3.26-Developed vertlcAd elevation facing away from GZ, etructure IH-2.
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Fig. 3.27 -Spa~llag and cracking on GZ side of ring
10.

Fig. 3,28-Cracki-g of ring 10 on side facing away
from GZ.
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Fig. 3.29-Ve.-ical muvement of ring 10 in relation to ring 11 at their crowns.
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Fig. 3,30-Cracking and spaihng of Joinit 8-9 and ring 8 at crown.
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Fig. 3.31-Spalling and cracking of rings 2 and 3 at their crowns.

0 2"

Fig. 3.32 -Spafting and cracking oc the sW0• of rings 2 and 3 facing GZ,
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Fig. 3.33 -Separation of joint between rings 2 and 3, side facing GZ.
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Fig. 3.34- Separation of concrete seats between rings 3 and 4, side facing GZ.

103



-AA

Fig. 3.36- -Deteaior v ew d of exhaukt-pipe lppae after detonation.
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Fig. 3.37 -General view of interior end of intake
pipe after detonation.

h 9

Fig. 3.38- Postshot view of the above-ground por-
tion of the exhaust stack and exit shaft.
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Fig. 3.39-Sand blasting of exhaust stack, facing GZ.

Aw-

Fig. 3.40 -Blast damage to the exhaust stack, side
parallel to blast line.
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Fig. 3.41 -Blast damage to exposed surface of front reflection shield of sand-pit.

Fig. 3.42- Blast damage to urnexpoiwd surface of front reflection shield of sand-
pit.

107



N''A"

1-1

Fig. 3.43 -Bealviwolast damrage to abvmgandprion ofntrunctue anfaing-pit.
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Fig. 3.45 -General view of above-ground portion of the structure, facing away
from GZ.
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Fig. 3.48 -Interior end of exhaust valve after
detonation.

Fig. 3.49 -Postshot view of interior end of intake pipe.
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Fig. 3.50 -Blast damage to roof slab of entrance
landing.

Fig. 3.51 -Blast damage to walis of entran'-e facing
GZ.
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Fig. 3.54 - Blast debris deposited oh stairs of en-
trance facing GZ.

Fig. 3.55-Blast damage to surface section -f en-
trance facing away from GZ.
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Fig. 3.56- Blast debris deposited on stairs of entrance facing away from GZ.
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INTERIOR WALL

GGh

3 4-
!0? %,.

A'f f llflI Id Ih2LIJ _

EX LOROR PALAN

Fig. 3.53-Entrance crack pattern, structure 11-4.

INTERIR WAL

*0hf



Fig. 3.59- Blast debris and darnage of entrance
facing away from GZ.

Fig. 3.60 - Blast result s of bali type antiblagt valve.
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Fig. 3.63-Postshot view of interior surface of main
blast door.

Fig. 3.64 -Blast damage to upper portion of entrance

facing structures 11-3 and U1-4.
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Fig. 3.65--Blast debris and damage to lower portion
of entra ice facing structures 11-3 and 11-4.

Fig. 3.66--Blast damage to upper portion of entrance
facing blast line.
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Fig. 3.67-Record, recording pendulum, Fig. 3.68-Record, recording pendulum,

structure Il-l. structure 11-2.
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Fig. 3.69--Record. recording pendulum, Fig. 3.70ORecord, recording pendulum,
structure 11-3. structure 11-5.
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Fig. 3.78-Displacement ;.ho..A spectrum, vertical direction.

140



0.0 - I' Whitney Gouge 4,

S _ _ - -Overpressure a 146 psi
- A Galileo Gouge II

Overpressure x 130 psi

h * Smokey Gouge 5, Inside Shelter
0 Overpressure 116 psr

S0 Smokey Gouge 9
Over pressure 116 psi

1.0 -- I -- ...

C I
E

o 01

o -Ti!1

.001:

1 0 100 1000f - Frequency- cps

Fig. 3.7 9- Displacement shock spectrun, horizontal direction.

141

E - -



Chapter 4

SUMMARY

4.1 GROUND AND STRUCTURE DISPLACEMENTS

Although visual observation indicated no gross movements of the mair. body of any of the
five structures tested, the shock spectra data (Sec. 3.3) indicate substantial transient vertical
and horizontal motions. It is reasonable to assume that a part of these are permanent. Com-
parison of preshot and postshot field-location survey data has not been made since reliable
postshot surveys were not available at the time of writing of this report.

4.2 EXTERNAL PRESSURE

As indicated by Fig. 1.6, the actual incident overpressure at the predicted pressure levels
of 132.3 and 118.0 psi was approximately 12 per cent lower than predicted and apprcy.Lmately
20 per cent less than the static design overpressure of 147 psi.

4.3 WNTERNAL PRESSURE

The overpressure in the interior of a structure is a function of the external pressure and
duration, the interior volume of the structure, the size and configuration of the openings lead-
ing to the interior, and the type of blast closure employed. If the first four factors are equal or
can be evaluated, then the relative efficiencies of the various blast va'ves can be approximated
by analyzing the interior pressures obtained.

In the two full-scale test structures, shelters 11-1 and 11-2, the maximum recorded inter-
nal pressures were 0.4 and 0.7 psi, respectively. Both of these structures had the sealing
covers on the interior ends of thi: :.-ntilation pipee blown off by the shock wave. The maximum
internal pressures recorded in sheltt rs 11-3 and 11-5 were both equal to 1.4 psi, even though
two basically different types of blast closures were used. It is to be noted that the external
pressure level was slightly higher at shelter H1-3. The ventilation pipe and blast closure in
shelter 11-4 was similar in design to that in shelters UI-1, H1-2, and IH-5, but was of a much
larger size. Maximum internal pressure recorded in shelter H1-4 was 12.0 psi. The interior
volumes of shelters 11-3, U-4, and 11-5 were approximately equal.

4.4 STRUCTURAL DAMAGE

With the exception of structure 11-2, all the test structures sustained very slight damage
in the shelter areas. Cracking was observed in all structures, but major damage occurred only
to those portions exposed to the shock front such as the entrances and the ventilation projec-
tions. A detailed description of the structu-al damage due to blast is given in Sec. 3.1.
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The damage to structure U-2 should be evaluated with consideration to the short duration
of the test overpressure as compared to that which would result from a large yield weapon.

A postshot dynamic analysis of the roof slab of the rectangular type 60 shelter is included
as Appendix D of this report. This analysis utilizes current ultimate strength theory and was
performed uaing the materials strengths as determined from test results, the reinforcement
placement and structure dimensions as obtained from the as-built drawings, and the z ecorded
incident pressure on the blast line at the location of the structure as the loading. The analysis
indicates that only minor cracking was to have been expected and agrees with the actual post-
shot condition.

4.5 RADIATION

The permissible level of the initial radiation with the structures was assumed by SNPC to
be 20 to 70 rem. No readings of the initial radiation were obtained as separate values, but, as
can be seen from Fig. 3.76, the values for the total gamma dosage during the first 52 hr after
the detonation at various points within the five test structures were within the prescribed allow-
able for the initial radiation. Structure 11-1, the full-scale rectangular type 60 shelter for 50
persons, had values of total gamma radiation within the first 52 hr ranging from approximately
2 to 9 r for individual dosimeters. The radiation level within the antechamber of this structure
was comparable to the radiation love] present in structures 11-3 and 11-5. Structure 11-4 had a
slightly higher interior level, probably due to the large ventilation pipe extending to the sur-
face.

The radiation level within structures 11-2 was generally higher than that of structure II-1.
This is explained by noting that the radiation attenuation of 10 in. of concrete and 4 ft 9 in. of
soil (structure 11-2) is less than that offered by 24 in. of concrete and 3 ft 11 in. of soil (struc-
ture fl-i).

At the pressure range at which their structures were to be tested, the above-ground inci-
dent gamma dosage was assumed in the French design to be in the range from 2 to 7 x 104 r.
This dosage is consistent with results obtained by extrapolation of the curves given in "The
Effects of Atomic Weapons," but is slightly lower than the data presented in "The Effects )f
Nuclear VWeapons. " However, from Fig. 3.77 the actual total gamma dosage was found to be
approximat%'Iy 1.3 x 106 r at a slant distance of 410 yd from the point of explosion.

The attei jation factor of 1000, assumed in the design, is conservative when using "The
Effects of Atomic Weapons" as a guide. The actual attenuation factor for gamma radiation in-
dicated by the interior measurement is 100,000 in th-s test. Free-field and interior gamma
measurements are not available.

4.6 THERMAL EFFECTS

It was not possible to obtain thermal measurements from the instrumentaion provided.
The nonelectronic gauges exposed to the thermal wave were scoured by debris carried by the
blast wave and were unreadable. In some cases the e'ecording elements were removed from
their mountings by the blast wave. Owing to a breakdown in the 3.5.4 electronic recorder, no
results were obtained from the electronic temperature gauges.

Residual thermal effects were not apparent from visual observation.

4.7 DEBRIS AND DUST

The postshot photos taken before the entranceways were cleaned indicate that deposited
debris was comparatively light. A dust layer varied in thickness from approximately t/, in. to
a maximum of 2 in. in places where drifting occurred. Some rubble was also present. Interior
dust was observed only at the bases of the ventilation ducts. Owing to the natural surface of the
test area, it was difficult to ascertain the extent of debris on the ground surface.
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All vertical or inclined surfaces facing GZ (ventilation projections, stairs, walls, etc.) were
scoured by sand and debris carried by the blast wave. Above-ground projections that were
broken off were deposited from 5 to 100 yd away from their original positions (see Sec. 3.1).

4.8 LIMITATIONS IN APPLICATION OF TEaST RESULTS

Although the magnitude of the effects (overpressure vs. time, thermal and nuclear radia-
tion) is different for small nuclear weapons than for the large thermonuclear weapons now
avtilable and the physical environment at the Nevada Test Site is not typical of most populated
areas, the data obtained from these weapons tests are very useful in estimating response and
evaluating the parameters used in design. For this reason the records of blast overpressure,
ground-shock motions, radiation, and other weapons effects are of prime importance. How-
ever, the results cannot be used directly for proof test purposes except in special cases.
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Appendix A

CONSTRUCTION

A. 1 GENERAL

All work was done under contract to the U. S. Atomic Energy Commission. The contractor
for the construction of the five reinforced-concrete shelters was the Sierra Construction Com-
pany of Lao Vegas, Nevada. Reynolds Electric & Engineering Company supplied the concrete
aggregate and miscellaneous work required to make the structures realy for the test. Holmes &
Narver, Inc., provided over-all supervision and coordination as field representatives of the
AEC.

The Federal Civil Defense Administration and the Service National de la Protection Civile
were continuously represented at the Site by an Ammann & Whitney field representative, who
provided inspection and advisory service for the construction groups. This service was sup-
plemented by visits to the Site at critical times by the Project Officer.

Construction, in general, was geared to a very rapid time schedule. This schedule was
closely adhered to despite the many difficulties that were experienced. The schedule called
for a maximum of 75 calendar days, starting on Apr. 6, 1957. Excavation was started on
April 24 and the backfilling was scheduled to be completed on June 20. The schedule, as indi-
cated above, could not be completely adhered to because of problems that developed during
construction. These problems wi.l be more fully defined in Secs. A.4.1 through A.4.8 of this
report.

Figures A.1 through A.19 are photographs of the five shelters at the time of their con-
struction. Dates are included to show construction progress. Deviations from the drawings
and specifications are recorded in Appendix C, "As-built Drawings." Table A.1 indicates the
schedule adhered to during the construction phase of the operation.

A.2 MATERIALS

A.2.1 Concrete

Concrete was mixed at a central mixing plant operated by Reynolds Electrical & Engineer -

ing Company. The plant was a permanent batcher type installation and was located approxi-
mately 15 miles from the structures. The concrete was trucked to the structures by conven-
tional transit-mix trucks. During the batching, the mixing water, as predetermined by the
concrete mix design, was added to the dry mix, and the concretc was mixed during transpor-
tation. The concrete was placed by the use of one or more of the three following xrethods:
(1) by dumping into a % or 1/ C.Y. bucket and placing by crane, (2) by dumping into tremies
for wall pours, or (3) by placing directly with ý,,e use of concrete chutes. Hunts paraffin-base
curing compound was used to cure the concrete.
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A total of 72 standard 6- by 12-in. cylinders was taken from all the structures for 7-, 28-,
and 90-day compression tests. A total of 39 77/.-in. concrete cubes and 30 concrete test beams

were tested at 7, 28, and 90 days. The tests on all three items were performed by Nevada
Testing Laboratories. In addition to the specimen tests, the Schmidt Concrete Hammer was
used to check the uniformity of the concrete and to determine the correlation between the re-
bound values and the ultimate concrete strength of the structures.

The results of the concrete strengths as recorded for the concrete cylinders, beams, and
cubes are ,.,-ntained in Tables A.2 to A.4. Average results of tl.ese tests are summarized in
Table A.5. The hammer test results are given in Table A.6. Table A.7 gives the typical
concrete-mix design used during construction.

A.2.2 Concrete Components

(a) Cement. The cement used in construction was predominantly type II Portland cement.
Owing to the limited amount of time for the construction of structure 11-2, Hi-Early cement was
used for the erection of shafts T, and T2.

(b) Coarse Aggregate. The coarse aggregate, V7/2-in. graded aggregate, was stockpiled at
the batching plant. Owing to the handling procedure and transportation methods from the
crusher, which were products of Site conditions and the limited amount of time for construction,
segregation of the aggregate was evident in the stockpile and batched concrete. Some aggre-
gates were observed to have maximum dimensions ranging to 2/2 in.

(c) Fine Aggregate. The fine aggregate had additional wind-blown fines, not indicated in
Table A.7, primarily because of the conditions at the Test Site.

A.2.3 Concrete Forms

Wall and roof slab forms consisted of plywood panels of %- and 1/4- in. stock. Some of this
material had been used several times before being used on the French test structures and was
then used as many as three times during construction of the five test structures. Dimension
stock for studs was 2 by 4 in.

A.2.4 Reinforcing Steel

Reinforcing steel used in the structures consisted of French supplied ADx and TOR bars.
The fabrication of the steel wa2 3ubcontracted by Sierra Construction Co. to Fontana 3teel Co.
All reinforcing steel was cut and bent at the Site. The field fabrication shop was located near
the concrete mixing plant, which was situated approximately 15 miles from the construction
Site. The transportation of the fabricated steel between the shop and the structures was ac-
complished by flat-bed trucks. Although the bending operation was generally adequate, there
are deficiencies between the actual construction and tW- original contract plans. None of these
appear to have been critical in terms of the test results. All deviations from the construction
drawings of the fabrication and/or placement of the steel have been noted on the "As-built
Drawings," Appendix C.

The yield and ultimate stresses and the percentage of elongation of 8-in. test specimens,
as tested by Smith-Emery Co. of Los Angeles, Calif., are given in Table A.8.

A.2.5 Structural Steel and Steel Wire

The structural-steel components of tie structure consisted essentially of door frames,
ventilation equipment, and miscellaneous end items. These items were supplied by the French
Government, Several Items, as described in Sec. A.4, were damaged during shipment from
France to the Site. All members were repaired before their installation.

The steel wire used to post-tension the concrete circular structure (U1-2) was tested, and
the results are shown in Table A.8.
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A.3 SOIL TESTS AND DESCRIPTION

The subsoil, upon visual investigation, was found to be a heterogeneous mixture of various
sizes of sand and gravel particles with interstitial clay and silt; it may be loosely described
as a calcinated conglomerate. The formation contained a cementing agent, apparently of calcium
carbonate origin. This agent, in conjunction with the clay particles, produced a state of high
consolidation. The soil condition described above was below I to 1/2 ft of typical desert top
soil. The depth of the calcium carbonate mixture was of an indefinite vertical extent.

To determine the dimension, shape, and peculiarities of cut, cross-sections of the exca-
vations were taken at all the structures. These are shown in Fig. A.21.

To evaluate the compaction achieved by the backfilling method, in-place density tests were
performed on pre- and postconstructional soil conditions that existed at the structures.

The results of the tests are indicated in Table A.9.

A.4 THE CONSTRUCTION OF THE STRUCTURES THROUGH THEIR COMPONENT ITEMS

A.4.1 General

The following sections deal with the procedures used in construction of the component
items of the structures and the resulting conditions that existed at the completion of the con-
struction phase of the operation. Also included in this section Are all deviations from the
drawings and specifications and any additions that were deemed necessary to complete the
structures in a satisfactory manner.

A.4.2 Excavation

The predominant characteristic of the soil, with regard to the excavation, was its natural
cementation. This characteristic made it virtually impossible to excavate using conventional
back-hoeing equipment, and all existing soil had to be loosened by caterpillar-propelled rippers
or explosive charges before removal by a caterpillar-drawn scraper, Fig. A.20. Excavation
was carried down approximately 3 in. below the elevation of the bottom of the base slabs for
structures 11-1, 11-3, H1-4, and H1-5 and approximately I ft below the bottom elevation of the
4-in. setting bed of structure 11-2. Required grade was obtained by backfilling, leveling, and
compacting using the construction equipment. All additional excavation for the dry wells was
by hand.

A.4.3 Floor Slabs

The forms for the floor slabs of the cast-in-place portions of the five French test struc-
tures were set holding the exterior dimensions of the structures. French reinforcing steel
was then placed within the formwork directly over the natural ground. Concrete blocks of the
required thicknesses were used to support the bottom layer of steel.

Because of the nature of the reinforcement pattern, no "chairs" were required to support
the top mats. In structure 11-1 a system of stirrups in the floor slab of the main chamber and
emergency exit tunnel dictated the distance between layers of reinforcement. The top mat rein-
forcement for structures 11-2, 11-3, 11-4, and 11-5 was tied directly to the vertical wall steel,
which had to be placed and poured in with the floor slab. Because of the relatively small spans
between the vertical wall reinforcement, intermediate supports of he top mat were omitted.

Immediately prior to pouring the floor slabs of all structures, the existing natural ground
within the formwork was thoroughly moistened to prevent excess absorption.

For structure U-1 the first pour consisted of the floor slab of the emergency exit shalt,
emergency exit tunnel, and main shelter and the base slab of the entrance ways, inchldlng the
stairs. Structures 11-3, 11-4, and 11-5 had the floor slab of the main chamber and the base slab
of the entranceways poured at the same time.
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L Structure 11-2. an entirely different type structure. had two separate cast-in-place por-
tions. The floor slabs of both of these sections (shaft TI and shaft T2) were poured at the

Placement of reinforcement for all five structures was tedious and in many ways did not
conform to United States standards. Some deviations from the contract drawings therefo-
occurred, and these deviations Lan be found in Figs. C.1.1 through C.6.4..

A.4.4 Walls and Roof Slabs

Owing to the intricacy of the reinforcement pattern, it was found advantageous to complete
as much as possible of the remainder of the structures in a single pour. The-'efore, the second
pour of structure 11-1 consisted of the emergency exit shaft walls, emergency exit tunnel walls
and roof slab, main shelter exterior wall, partitions and roof slab, and entranceway walls and
roof slab. Horizontal construction joints were permitted at the top of the roof slab for the
intake and exhaust stacks and for the sand-filter pit. These parts of the structures were sub-
sequently completed the following week.

Structures 11-3 and IU-5 were also pcired complete, with the exception of the portions of
the intake and exhaust stacks extending above ýhe roof slab. Structure 11-4 was completed in
its entirety by the second pour.

BAh shafts Ti and T2 of structure IU-2 were poured on August 6. Owing to the proximity
of the proposed shot date. it was found necessary to use High-Early strength cement for these
portions of the structure. Sand and coarse aggregate were batched and brought to the con-
struction Site in standard concrete mixers. There cement and water were added. This proce-
dure was required because of the length of travel time from the batching plant and the ex-
tremely high rate of evaporation. The above-grade portion of the exhaust stack on shaft T2
was poured two days later.

All deviations from the contract drawings of that portion of the structure above the floor
slab are shown in Figs. C.1.1 through C.6.4.

A.4.5 Post-tensioning of Structure 11-2

The design of the cylindrical structure required that 12 precast cylindrical elements be
post-tensioned by means of 8 cables. The sequence of operations, as outlined by the Freyssinet
Company, Inc., was as follows:

(1) One cable consisting of 12 wires, each 0.196 in. in diameter, was inserted in each of
the 8 preformed holes. Since this operation w?, accomplished prior to grouting the segments,
the 8 cables were protected f. om the grout by pipe sleeves at the joints between the rings.

(2) Prior to stressing the cables, a male plug was inserted and seated snugly in each of
the female anchorages. The 12 wires of each cable were spaced around the plug so that each
wire was in one of tne plug's longitudinal grooves.

(3) Two jacks were connected to the ends of two cables diametrically opposite each other
in order that these cables be simultaneously tensioned.

(4) An initial 500-psi hydraulic pressure was applied. With this pressure maintained in
the jacks, a set distance of 8 in. was marked on the wires at the jack end (J) and 6 in. was
marked at the plug end (P).

(5) The required pressure was then applied in stages, Tables A.10 to A.12, until a maxi-
mum jack pressure of 5600 psi was produced. The elongation at the jacking end and pull in at
the plug end were measured. The net elongation of the wire is the required quantity.

(6) After the proper elongation had been obtained for a pair of cables, the pressure was
locked in the tensioning cylinder, and a specified pressure was applied to the plugging piston.

(7) The pressure was then released, arid the jacks were removed and transferred to the
next pair of cables.

In the post-tensioning operation a jack pressure of 5300 psi applied to the cables produced
a bearing stress of 122 psi on the faces of the precast cylinders. The ma-,murn jack pressure
of 5600 psi was applied to cables 1 and 2 (see Table A. 10) to allow ior friction between the
precast members and the base slab.
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Stages 1 and 2 of the above procedure were performed at some time prior to jacking. Im-
mediately before the post-tensioning operation, a mixture of 1 to 1 grout w&s hand trowelled
into the elAvAn 1 1/.-in. Joints between rings. Wet burlap was placed over the grouted joints.
Steps 3 through 7 were then carried out with the grout in a workable condition.

A.4.6 Patching

During the construction of structures 11-3, 11-4, and U1-5, the steel loops for hanging in-
struments were cast into the walls, roof, and floor slabs. After removal of the interior form -
work, the ends of these loops were broken out of the concrete. The areas around the broken-out
sections were subsequently patched. Structure 1U-2 also had loops cast in the cast-in-place
portions, but owing to the time element no patching was done after removal of the forr.-.crk.

A.4.7 Doors

Minor defects were apparent in each of the three different makes of doors. Although the
Dumoulin doors for structures II-I, U-2, and 11-5 had the simplest construction details, the
blast doors had no provisions for adjustment of the dogs or hinges. Consequently, if either
the flat-plate door or the door frame became warped during shipment or erection, it was ex-
ceedingly difficult to close the door properly. This situation occurred in the door for structure
11-5 and was partially remedied by grinding the door and door frame down so that the door
could be closed with the aid of hand tools, Fig. 3.63.

Before arrival of the Dumoulin fire door for structure Ul-1 at the Test Site, some cracking
of the soft fire-resistant concrete had occurred because of improper crating and handling
during shipping. No difficulty of operation was experienced with the Dumoulin gastight doors.

In structure 11-3 three doors (blast, fire-resistant, and gastight) manufactured by the
Bauche Co. were used. During preshot trial operation of the mechanical equipment, two handles
welded to the latching dogs were broken off by hand pressure (no tools). One each was broken
off the fire door and the gastight door. For the test, the broken handles were put on the inside
face of the doors to permit the doors to be closed and dogged from the outside.

The fire door was slightly warped and did not set flush against the door frame. The top
corner away from the hinges was /1S in. from the door frame; consequently the adjustment
given by the beveled slots in the door frame was insufficient, and the two dogs away from the
hinges had to be beveled off to allow the door to be latched.

A slightly different problem arose with the dogs on the blast door. With dhe door open it is
possible to put the dogs in a closed position. If then the door is shut with the dogs inadvertently
in the closed position, the dogs are slammed against the door frame, and the latches tend to be
deformed. If bending of the dogs occurs, it is impossible to latch the door. This situation arose
and was remedied in the field by wedging the assembly straight.

Structure 11-4 had two doors manufactured by Society Cheops. The blast door and com-
bination fire-resistant gastight door each had four latching pins that were inserted in circular
recesses in the door frame. The blast door had no provisions for adjustment of the sliding
bolts, and therefore the recesses in the door frame were enlarged to allow the bolts to seat
properly. Adjustment provided on the other door was insufficient, and these holes too were
enlarged by grinding.

A.4.8 Ventilation Equipment

No difficulty was experienced in the -installation of the ventilation equipment for structures
11-4 or 11-5. In structure 11-3 the dimension of 1ta in. from the roof to the top of the vent pipe
was changed to 2 in. to allow turning of the top wing nut that holds the sealing cover.

Some minor difficulty occurred in the assembly of the ventilation system of structure IU-1.
Since cast-in-place ventilation equipment is joined by prefabricated open duct work in the
interior of shelter H-1, any error of placement before pouring requires an adjustment of the
connecting parts. In 1U-1 some bending and adjustment of the ductwork from exhaust stack No. 1
to the ventilator unit was required. This ventilator was shimmed in position.
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The slip joints for the air distribution ductwork had insufficient overlap. Some joints that
had come apart repeatedly were faatened together with sheet metal screws to hold them during
construction.

In the circular structure, shelter 11-2, the natural-ventilation air-.intake pipe shifted
slightly during placing of the concrete. To correct the misalignment, a section was chipped
from the wall of the chamber to accommodate the electric intake motor, and the piece of
galvanized ductwork from the sand filter was cut and resoldered to allow a tight connection.
The gastight door could not be fully opened because of the air distribution duct, which ex-
tended into the main chamber.
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Table A.1-SCHEDULE OF CONSTRUCT'ON (1957)

W' lls, roof slab, and entranceways
Floor slab

Excavation Forms Steel Concrete forms Steel forms Concrete

Structure Date Date Date Date Quantity Date Date Date Date Quantity

1f-1 4/30 5/4 5/10 5/21 68 6/3 6/9 6/13 6/13 188
11-2'

Shaft T1 5/1 7/8 7/26 7/26 8 7/28 8/3 8/6 8/6 30
Shaft T2 5/1 7/8 7/26 7/26 9 7/27 8/2 8/3 8/6 37

11-3 4/30 5/4 5/21 5/23 31 5/26 6/6 6/7 6/7 70
11-4 5/1 5/14 6/3 6/4 41 6/5 6/10 6/I1 6/12 88
H-5 5/2 5/13 5/31 5/31 33 6/5 6/20 6/22 6/24 70

*Precast circular segment setting bed poured 5/14; precast circular segments placed 6/23; precast
circular segments post-tensioned 6/24.

Table A.2--LABORATORY TEST RESULTS (CYLINDERS)*

Test results, psi

Structure Member 7 days 28 days 90 days

1l-1 Floor slab 2160 3340
2220 3330
2190 3080

Walls ar.i roof 2340 3480 3740
2180 3430 3880
2340 3310 3940

11-2t Floor slab (T2) 3160
3150
2880 3180

Floor slab (Ti) 3410
3450

Wall and roof (T2) 3130 3720 4080
3740 4220

4070
Wall and roof (T1) 2850 3410 3970

3300 3800
3950

U1-3 Walls and roof 1920 2740 3410
1900 2610 3180
1920 2830 3370

11-4 Floor and stairs 1930 3000
2070 2350
2030 2590

Walls and roof 2250 3190 3550
2180 3370 3420
1850 3220 3540

11-5 Floor and stairs 2340 3020
2:20 2920
2250 2850
2550 3280 3120
2470 3240 3460

2480 3180 3410

*All concrete has type H1 Portland cement except as
noted.

tPortland Hi-Early cement.
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Table A.3- LABORATORY TEST RESULTS (CUBES)*

Test results, psi

Strueture Member 7 days 28 days

Il-I Walls and roof 2614 3317
2510 3257
2328 3592

I1-2t Floor slab (T2) 2870
2980
2760

3010
Floor slab (Ti) 2690

2795
Walls and roof (T2) 3200 3160

3220
Walls and roof (T1) 3010 3700

3540
11-3 Walls and roof 2165 2971

2104 3258
2117 2800

H-4 Floor and stairs 2390 2807
2657

Walls and roof 2387 3182
2177 3121
2441 3000

U1-5 Walls and roof 2509 29501
3054 3006
2299 3232

*All concrete has type II Portland cement except
as noted.

tPortland Hi-Early cement.

Table A.4-LABORATORY TEST RESULTS (BEAMS)*

Test results, psi

Structure Member 28 days 90 days

1]-I Roof 596 500
546 544
481 559

11-2t Roof (T2) 485 650
545

Roof (T1) 405 555
560

11-3 Roof 382 476
522 568
443 527

H1-4 Roof 564 577
530 548
534 554

1H-5 Roof 374
460 460
114 436

*All concrete has type H1 Portland cement except
as noted.

tPortland Hi-Early cement.
INo results were obtained from cylinder tested.
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Table A.5- AVERAGE VALUES OF CONCRETE TEbT DATA*

Test results, psi

Specimen Structure 7 days 28 days 90 days

Cylinders 11-1 2238 3328 3853
11-2t 3400 3459 4015

1!-3 1913 2727 3320
11-4 2052 2953 3503
II-5 2368 3082 3330

Cubes 11-1 2517 3389
11-2t 2924 3171

11-3 2129 3010
n1-4 2324 2955
11-5 2617 3063

Beams 1I-1 541 534
II-2t 445 578
11-3 449 523
n-4 543 560
1-5 816 448

*All concrete has type II Portland cement exc,pt as noted.

tPortland HI-Early cement.

Table A.A -CONCRETE HAMMER TESTS (Equivalent Cylinder Strength, psi)*

Wall facing GZ Wall away from GZ Roof slab Floor slabHammer

Structure No. Preshot Postshot Preshot Postshot Preshot Postshot Preshot Postshot

1-1 1 3400 3600 3?50 2400 3550 2600 1500 1800

2 5980 5430 7810 3720

11-2 1 3900 2700 3700 2650 3750 2500 3950 2550

2 6600 6710 6900

1-3 1 3250 2950 3100 2350 3650 2450 1700 1600

. 3720 4520 7260 3840

*Hammer No. I supplied by Holmes & Narver, Inc. (#1639); hammer No. 2 supplied by FCDA.
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Table A.7- TYPICAL CONCRETE-MIX DESIGN

Per cent passing U. S. standard sieve

Sieve size Fine aggregate Coarse aggregate Combined

1.5 in. 100.0 100.0
3 in, 59.0 76.4
% in. 11.6 49.2
114 100.0 1.4 43.3
* 78.8 33.5
* 16 57.0 24.2
,,30 32.9 14.0

17.9 7.8
1- I4.3 1.8

F. M. 3.091 7.280 5.498
Specific gravity

(S. and S.D. 2.47 2.665

Mix design for one cubic yard of concrete -3000 psi
Absolute volume of aggregat, in one cubic yard of concrete-19.73 cu ft
Weight of one cubic yard batch of aggregate-3240 lb

Absolute vol.,

Per cent Batch wt., Ib cu ft

Gravel 2000 12.03
Sand, dry 39 1188 7,70
Free water in sand, 6.2 gal 4.35 52 0.84

1240 1240

Water, added 28.5 gal 237 3.80
Cement, 5.5 sacks 517 2.63

Total 27.0(1
Maximum slump = 5 in.

"!able A.8-.LABORATORY TEST RESULTS OF REINFORCEMENT AND POST-TENSIONING \&IRES

Yield stress, psi Ultimate stress, p.3i Elongation,*

Type Size, mm Avei ,ge Low High Average Low High Average Low High

ADx 10 52,037 46,550 55,750 72,862 64,550 76,900 25.62 23.50 27.00
ADx 12 43,125 40,80C 44,500 57,600 66,650 58,506 29.87 28.00 33.00
TOR 12
TOR 16 65,082 62,750 68,250 79,050 76,900 80,200 15.00 13.00 16.00
TOR 20 61,687 58,450 64,600 74,787 72,050 77,750 16.25 16.O0 17.00
TOR 32 60,562 58,050 62,350 72,262 75,000 78,800 19.12 18.06 2V.00
Cable 219,583 217,500 221,800 251,150 250,150 253,450 5.6 5.6 6.2

wires

*Pe: c.. elongation for 8-in. specimen.
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Table A.9-IN-PLACE DENSITY TEST RESULTS

In-place density, lb/cu ft Location of

Existing soil, Backfill Backfill mid-height
Structure av. at mid-height at final grade reading*

II-I 121 102 135 North
11-2 121 134 131 North
11-3 119 102 136 South
11-4 119 125 136 South
11-5 123 119 121 South

*North, side of structure facing GZ; south, side of structure facing away
from GZ.

Table A.10-OVER-ALL LENGTH OF PRECAST CYLINDERS DURING
POST-TENSIONING OPERATION

Relative distance between ends of precast segments

Cable At 500 psi* At 4600 psi* At 5000 psi* At 5300 psi* At 56J0 psi*
No. WIG _ _

1 20 ft 1 in. 19 ft 11%/4 in. 19 ft 11% in. ld ft l1% in.
2 20 ft 0 in. 19 ft 91/2 in. 19 ft 91/2 in. 19 ft 9,/z in.
3 19 ft 11 i'l. 19 ft 10% in. 19 ft 10% in.
4 19 ft 10'/2 in. 19 ft 10 in. 19 ft 10 in.
5 19 ft 10% in. 19 ft 10 in. 19 ft 10 in.
6 19 ft 101/l in. 19 ft 10 in. 19 ft 10 in.
7 19 ft 9"/2 in. 19 ft 9%/ in. 19 ft 9% in.
8 19 ft 10'/1 in. 19 ft 10%/g in. 19 ft 10% in.

*Hydraulic pressure produced in the jack.
3 2

6e

GZ -

* 4

Location of ables
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Table A.11-GAUGE LENGTH DURING POST-TENSIONING OPERATION

Relative distance between gauge mark and reference point

At 300 psi* At 4600 psi* At 50010 psi* At 53100 psi* M 3600 pri*

Cable ® @ ® ® (
No. J P J P J P J P J P

1 8 in. 6 in. 10% in. 54 in. 11 in. 51/, in. 11% in. 0i, in.
2 8 in. 6 in. 10% in. 53/4 in. 11 in. 5/4 in. 11% in. 53/i in.
3 8 in. 6 in. 9%1i in. 511/i In. 9316,4 in. 5t/16 in.
4 8 in. 6 in. 9'/$ in. 511/1, in. 9%/, in. 5"/1 6/ in.
5 8 in. 6 in. 91'/6 in. 5t%6 in. 91/I in. 511/s in.
6 8 in. 6 in. 9%1, in. 511/g, in. 913*/t in. 5t,6 in.

7 8 in. 6 in. 9%/i in. 5%4 in. 9%/i in. 5/4 in.
8 8in. 6in. 91Y14 in. 5% in. 9, in. 5/ in.

NOTE:. J, distance between Jack end gauge mark and reference point; P, distance be-

tween plug end gauge mark and reference point.
*Hydraulic pressure produced in the Jack.

Table A.12-RELATIVE AND ABSOLUTE ELONGATION,
AND STRESSES OF POST-TENSION CABLES

A a A A a WIre
Cable stress

No. (in.) (in.) (in.) (in.) (in.) (psi)

1 1/ 3% % 3/2 1% 205,770
2 2 % 31j 1/4 3% 11/s 125,740
3 %/ 1'/1, /S4 1/2 1/'4 139,710
4 i1 '/1$ 1,,, / i,, 146,690

5 ',4 'i, 1/, 1',, 160,660
6 1 114, '/16 1/ 1%/ 153,680
7 1/4 1" 1 '/4 i/s 11/2 167,650

8 0 1! 1/4 1/I % I/% 205,770

oi Re. ire rno"yemetilt of end of the precast segments due
to change ;n jack2rpss-ure from 500 psi to 5300 or 56w,
psi, 5 ..o

A1 Abiolvte movement ot gauge mark at jack end due tu
(A.,ngation of cable, pull ;n of plu, end and relative move-
ment of p.'e.aet ý,,eg•nerts a ,99 or J o :J

A3 Pull in at plug end. P tJto P 0 or P3.
A4 Movement of gauge mark at lack end due to elonga-

tior, of cable and reiative movement of prccast segments

AN Abso'lute elongation .( cabl(,s.
Stress in cable Is based on E = 28,500,000.
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*Fig. A.1 -Structure 11-1, partially erected base slab formwork (May 2, 1957).

Fig. A.2-Structure 11-1, partially placed base slab reinforcement (May 9, 1957).
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Fig. A.3 -Structure U-1, base slab poured; interior formwork partially erected
(May 27, 1957).

~101

Fig. A.4-Structure Ul-1. roof slab andi wa.l reinforcement placed (June 7. 1957).
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Fig. A.5-Structure 11-1, concrete placement for structure above base slab
(June 13, 1959).

IS.

Fig. A.6 -Sructure U- 2, precast circular segments placed (July 9, 1957).
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Fig. A.7 -Structure 11-2, reinforcement of upper
section of shaft T-1 (Aug. 1, 1957).

Fig. A.8-Structure 11-2, erecting exterior form-
work for shaft T-2 (Aug. 2, 1957).
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Fig. A.9-Structure 11-2, during bacldilling (Aug. 7, 1957).

44

Fig. A.1O-Structure 11-2. typical backfill saturation procedure (Aug. 7. 1957).
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1.

Fig. A.11 -Structure 11-2, standard compaction pro-

cedure near structure (Aug. 7, 1957).

Fig. A.12-Structure 11-3. erecting base slab form-
work (May 3, 1957).
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Fig. A.13-Structure 11-3, stripp~ng base slab formwork (May 27, 1957).

SWk

Fig. A.14-Structure 11-3, concrete placement in walls and roof slab (June 7,
1957).
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. . WM

Fig. A.15-Structure 11-3, before backfilling (June 13, 1957).

.es.

Fig. A.16--Structure 11-4, base slab formwork with ventilation pipe in place
(May 27, 1957).
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v

Fig. A.18- Structure 11-5, con rete placement in f)ase slab (May 31, 1957).
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"- • .4

Fig. A.19-Structure 11-5, before concrete placement (June 23, 1957).

4,-4

e -1

ir•

4--

Fig. A.20-Typical excavation equipment.
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Appendix B

SNrF DESIGN CALCULATION FOR RECTANGULAR
CONCRETE SHELTER, TYPE 60*

Technical Consultant: M. Antoine Martin
Chief Engineer of the Bridge and Highway Department
Ministry of the Interior, Service National de la Protection Civile

B. 1 GENERAL

The type 60 shelter is a reinforced concrete box 60 cm thick on all faces.
It is designed for an overpressure of 10 kg/cm 2, due to the blast wave of an atomic or

thermonuclear bomb and a reversal of 1,'16 of the maximum overpressure.
The forces have been calculated based on the diagram of Mr. Pigeaud, with a reduction of

20 per cent of the moment in the center to take care of the partial fixity of the slab on its
supports. The compression in the slabs is neglected, and the ratio of the modulus of elasticity
of concrete and steel is assumed to be ni = 15.

Allowable Stresses

Concrete
Allowable compression stress 125 kg/cm 2

Allowable shear stress without stirrups 10 kg/cm2

Steel
Steel Tor 40 kg/mm2

Smooth round ADx steel with diameter -S 10 mm 29 kg/mm%.
Bc'id

Bond stresses between Tor and concrete 33 kg/cm 2

Notations

w' = area of main steel (As_)
x = circumference of wain steel
n; = stress in main steel
% compressive stress in extreme fiber of concrete (f.)
h = total height of concrete section (t)
hl = distance between extre.,_2 compressive concrete fiber and centroid of the main steel (d)

*Reinforcement drawn and calculated by the Central Seivice of Technical Studies of Bridges
and Highways-M. Robinson, ingenieur et chief; M. Prunier, ingenie'ui ordinaire. The calcula-
tions were furnished in French and translated by Ammann & Whitney.
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z lee ar t elasii. .uuipie (jd)
b width of section (b)
We - area oi secondary reiniorcement

B.2 MAIN BODY OF THE SHELTER

B.2.1 Applied Forces

(a) Horizontal Slabs. In the first positive phase, the roof of the shelter is loaded, due to
the blast wave, by an overload of 100 tons/mr2, by the load of the earth above atid by its own
dead load.

Weight of 1 m3 of earth, 2 tons/rn 3

Weight of I m3 of reinforced concrete, 2.5 tons/mr3

(b) Vertical Slabs. At ti particular pressure level the walls of the shelter are loaded on
one side by earth pressure that is assumed to be between 25 and 40 per cent of the vertical
pressure at that same pressure level.

B.2.2 Roof of the Shelter

For purposes of analysis, the roof of the shelter is taken as various elementary slabs that
are limited by the interior walls, ti-e exterior walls, and the visible or incorporated lintel
beams of the slab.

An analysis will be made of the 3.30 x 3.00 m, 2.60 x 1.20 in (entrance chambers), and
4.00 x 1.20 m (water closet, etc.) slabs.

The maximum vertical applied pressure has the following values:

Blast-wave overpressure 100 tons/m 2

Weight of overburden (earth), 1.5 x 2 3 tons/m2
Weight of concrete (dead load), 0.6 x 2.5 1.5 tons/'rn2
(Rounding off value) 0.5 tons/mi

105 tons/m
2

(a) Slabs, 3.30 x 3.00 in.

a = 3.00 mn p = a/b = 0.91 li/p = b/a = 1.1

b= 3.30 in

P =3 x 3.3 x 105 -- 1039.5 tons

(1) Bending moments at center of slab.

M, = 0.039

M2 = 0.0315 (Pigeaud diagram)

In the direction of the short span

Ma 0.8 x (0.0,",9 + 0.15 x 0.0315) x 1039.5 = 36.4 ton -ni/rn

In the direction of the long span

Mb= 0.8 x (0.0315 4- 0.15 y 0.039) x 1039.5 = 31.1 ton-mr/"n

(2) Shear stresses at the supports. At the center of the long side

1039.5
Ta 2 x 3.30 * 3.00 108.3 tons/m
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At the center ol the short side

T. 1039.5 = 105 tons/nm
-0 3 X3.30

(3) Stresses. The reinforcement is analyzed in the direction of the short span for which
the stresses are maximum.

At the center: bl/00 cm ,*

M = 36.4 ton-m/m
T =0 , / '

h =60cm
h' = 56 cm
y = 15.6 cm
z = 50.8 cm -
nb = 92 kg/cm
n• = 35.7 kg/mm2  /S/0 T I6 /,,n

w'- 20.//cm n*lm

At supports:

T = 108.3 tons/m 20 T./Z
W,' = 22.62 cm 2/m

x = 75.4 cm/m GO 0
h = 60 cm
h' = 54.8 cm546

y = 16.2 cmI
z = 49.4cem
T/bz 21.9 kg/cm2  2'/

T/xz = 29.2 kg/cm2 2---

we' = 15.7 cm 2/m (I1en stirrups of round Adx with a di-

e = 20 cm ameter of 10 mm per meter at 20 cm

ne = 28.0 kg/mm2  on centers)

(b) Slabs, 2.60 x 1.20 m (entrance chamber).

p = a/b = 0.462

1/p = b/a = 2.16

P = 2.60 x 1.20 x 105 = 327.6 tons

(1) Bending moments at center of slab.

M, = 0.0465

M2 = 0.007

In the direction of the short span

K = 0.8 x (0.0465 + 0.15 x 0.007) x 327.6 = 12.5 ton-mrn/

In the direction of the long span

Mb= 0.8 (0.007 + 0.15 x 0.0465) x 327.6 = 3.7 ton-m/m

(2) Shear stresses at the supports. At the center of the long side

327.6 = 51.2 tons/r

Ta = 2 x 2.60 x 1.20
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At the center of the short side

327.6-Tb 3• .60 42 tons/m

(3) Stresses Stresses in the direction of the short span.

At the center:
M = 12.5 ton-m/mrn ... :/ //'

h = 60 cm
h' = 56 cm
y = 11.6 cm
z =52.1cm
n' = 24.0 kg/mm2

At supports:

T = 51.2 tons/m /0 lorl/

Wt = 11.31 cmr2 /mr
x = 37.7 cm/m O _0

h = 60 cm 36

h' = 56 cm1

y 12.3 cm
z =51.9 em 1,

T Ibz m 9.9 kg/cm/ " ' ,'Z7'V>/.
T/xz = 26. 2 kg/cm 2  

- .2' . .. ,..

Stresses in the direction of the lcng spar. The reinforcement at the center and at the
supports is the same as the reinforcement in the other direction, even though the forces are
smaller.

(c) Slab, 4.00 x 1.20 m. This slab forms the cover of the annexes of the shelter (water
closet, etc.). The slab is supported by a projection of the interior wall, which is known as
pilaster C4. Therefore the design of the 1.20 x 4.00 m slab is conservative.

(1) Bending moments at center of slab

p = a/b U.30 i/p = b/a - 3.33

P 4.00 x 1.20 X 105 = 504 tons

M= 0.036

M2 0.0014

Moment in the direction of the short span

Ma 0.8 (0.036 + 0.15 x 0.0014) x 504 = 14.6 ton-m,'m

Mb 0.8 (0.0014 + 0.15 x 0.036) x 504 = 2.7 ton-m/m

(2) Shear stresses at the supports. At the center of the long side

504

Ta 2 x 4.0 + 1.2 8tons/m

At the center of the short side

504"Tb - 42.0 tons//m
3 x 4.0
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(3) Stresses. Stresses in the direction of the short span.

At the center:
M 14.6 cm/m.

h' 56 cm
y =11.6 cm
z =52.1cm
n' 27.9 kg/mm2  0O

w 'a /0.5 E c'uu/i

At supports:
T = 54.8 tons/m /0 .....
h = 60 cm
h' = 56 cm 6

wr =11.31 cmn2 /m
x = 37.7 cm/n

y = 12.3 cm
z = 51.9 cm
T/bz = 10.8 kg/cmz 2,~',,.,,. /....'//"
T/xz = 28.0 kg/cm2  77

REMARK: The total shear as given by T/bz surpasses the allowable stresses, but, in reality,
bearing on the partition wall diminishes this shearing stress.

Stresses in the direction of the long span. The principal reinforcement is identical ".. tha•
placed in the other direction, even though the forces are smaller. The secondary reinforce-
ment is ur-necessary.

B.2.3 Floor of the Shelter

The roof-slab loading on the shelter is transmitted to the floor slab by the walls and then
on to the ground.

If the reaction of tl'e ground on the floor slab were uniform, the reinforcement of the floor
slab would be identical to that of the roof slab (the dead load of the walls and of the floor slab
is negligiblb,. But, at the center of the slabs, cracks due to bending can only form after cracks
due to bending at the supports at the walls. The cracks at the center would then bring a con-
siderable deformation of the floor slab, and the floor slab would no longer be in direct contact
with the ground. For that reason Tor 12's were used in the floor slab where Tor 16's were
used in the roof slab, but the same Tor 12 layers were retained at the supports at the walls.

B.2.4 Walls of the Shelter

These are considered as slabs partially fixed in the perpendicular walls, the floor slab,
and the roof slab.

The slab most heavily loaded will be analyzed. This slab measures 7.70 x 2.30 m.

(a) _Applied Forces. The least favorable assumption corresponds to a horizontal pressure
equal to 40 per cent of the overpressure at that pressure level. The dead load of the earth be-
ing small in comparison to the overpressure, the slightly trapezoidal diagram of forces is
assumed to be a rectangular diagram, the intensity of which is equal to the pressure of the
level of the floor of the shelter.

Blast-wave overpressure 100 tons/mr2

Weight of overburden 8.8 tons/mr2

(Rounding off value) 0. 2 ton/mr2

Pressure at the level of the floor 109 tons/mr2
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Horizontal loads on the walls -ý 109 x 0.4 = 43.6 tons/m2

Oil (qtoaceav III Ranrdinty mtnmenc ea!cnter.

l- ,.l -. *.,) 'jflI' 'T-. QA v

1/p b/a 3.35

P = 7.70 x 2.30 x 43.6 772.2 tons

M, = 0.0355

M2 = 0.003

Moments in the direction of the short span

Ma = 0.8 x (0.0355 + 0.15 x 0.033) x 772.2 = 22.2 tcii-m/m

In the direction of the long span

Mb = 0.8 x (0.003 + 0.0355 x 0.15) x 772.2 5.2 ton-mrn/

(2) Shear stresses at the supports. At the center of the long side

Ta = - 772.2 = 43.6 tons/m
2 x 7.70 + 2.30

At the center of the short side

Tb = 772.2 = 33.4 tons/m

(3) Stresses. Stresses in the direction of the short span (vertical reinforcement).

At the center:
M =22.2 ton-rn/rn 12-3T. / 77
h =60cm
h' = 56 cm
y = 12.2 cm
z =51.9cm
n'= 37.8 kg/mm2  60

At supports:
T = 43.6 tons/in
W1 = 11.31 cm 2//m lo r/e,/7

x = 37.7 cm/m GO _-

h =6Ocmn
h' =56 cm

y = 12.3 cm
z = 51.9 cm
T/bz = 8.4 kg/cm 2  /2. _

T/xz 22.3 kg/cm2

Secondary reinforcement: none
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Stresses in the direction of the long span (horizontal reinforcement).

T 33.4 tons/m 7CM2 e/5c-n

x = 25.1 cm/m GO
h = 60 cm
h' = 54.8 cm
y = 10.2 cm
z = 51.4 cm /02
T/bz = 6.5 kgLM 2

T/xz = 25.9 kg/cm 2

At the center: The reinforcement consists of T12 at 12 cm on centers for a small moment.

B.2.5 Partition Walls

The partition walls that close thp entrance chamber must be able to resist the complete
overpressure if the door, Fl, stays open at the moment of the explosion.

The partition that is directly in front of the door, Fl, measures 2.30 m in height, 0.40 m
in thickness, and 1.20 m in width between the exterior wall and the vertical lintel beam
(pilaster), C3.

The perpendicular partition wall measures 2.30 m in height, 60 cm in thickness, and 1. 10
m in width between the exterior wall and the vertical lintel beam (pilaster), C4. The first parti-
tion wall is analyzed as follows:

(a) Stress'es. (1) Beniding moments at center.

a = 1.20m

b = 2.30 m

p = 0.522 1/p = 1.91

P = 2.30 x 1.20 x 100 = 276 tons

M, = 0.047

M2 = 0.010

Moment in the direction of the shlort span

Ma = 0 8 (0.047 + 0.15 x 0.01) x 276 = 10.7 ton-m/m

Moment in the direction of the long span

Mb = 0.8 (0.01 + 0.15 x 0.047) x 276 3.8 ton-m/m

(2) Shearing stresses at the supports. At -,:nter of long side

Ta = 276 = 47.6 tons/r

2 x 2.30 + 1.20

At center of the short side

276Tb = x 2.30=40.0 tons/r
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(3) Stresses. Stresses in the direction o" the short span (horizontal reinforcement).

At the center:

M = 10.7 ton-mr/m _rn7_-77 .,

h =40cm
h' =36 cm I•

y 9.3 cm 40
z 32.9 cm /o r/2/,
n= 28.8 kg/mm2  W'/

At supports:
T = 47.6 tons/m
W? = 20.1 cm 2/m lo0 r"16m

x = 50.3 cm/mr
h = 40 cm 40

h' = 36 cm
y = 11.9 cm
z = 32.0 cm /.
T/bz = 14.9 kg/m2
T/xz = 29.6 kg/M 2  (Ten stirrups of ADx with a diameter of
wa = 15.7 cm 2 /m 10 mm per meter at 25 cm on centers)

e = 25 cm
n' = 23.7 kg/mm2

Stresses in the direction of the long span (vertical reinforcement).

At the center:

M = 3.8 ton-rm/rm
h = 40 cm
h' = 34.8 cm 34
y = 6.9 cm 40
z = 32.5 cm Z ,TIm

' = 20.7 kg/mmrS 2 .65 CAP mV.

At supports:
T = 40.0 tons/m
W" = 11.31 cm 2/m l0 r/2 /,g
x = 37.7 cm/m
h = 40 cm 40 \IOU
h' = 34.6 cm j4" -
y =9.3 cm 9.3 3,
z = 31.5 cm
T/bz = 12.7 kg/cm 2

T/xz = 33.7 kg/cm 2  
(Five stirrups of ADx with a diameter

e = 7.85 cm'/m of 10 mm per meter at 15 cm on centers)

e = 15ccm
ne = 24.3 kg/mm2

B.2.6 Lintel Beams

The openings "!, F2, and S2 are framed by four lintel beams (heavy reinforcement on
four sides of the openings). Lintel beams are placed in the roof slab and in the floor slab.
Lintel beam Cl is placed at the opening of 1.0 m between the two rooms that measure 3.30 x
3.00 m. Lintel beam C2 is placed at the opening of 1.2 m between the main room and the watter
closet. Two other vertical lintel beams (pilasters), C3 and C4, serve as supports for the two
partition walls that close the entrance chamber.

(a) 0eing jFl. (1) Horizontal lintel beams (in roof slab). The corresponding opening
measures 0.70 x 1.8 m and the lintel beam is 0.92 m high and 0.50 m thick.
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The lintel beam is subjected to the reaction of the slab of the entrance chamber, the roof
slab over the vestibule, to its dead load, and to the overpressure that it supports directly.

Reaction of the slab of the entrance chamber. The worst possible condition exists if a
uniform reaction equal to the maximum shearing stress at the center of the small side of the
"slab is assumed, that is, 42 tons/rn.I

Reaction of the 1.40 x 1.20 m roof slab over the vestibule. This slab is exposed to the
atmosphere by means of the stairs and the landing. However, it is assumed that the latter are
collapsed in such a manner that the vestibule slab transmits a maximum stress into the lintel
beam. The room being supported on three sides, the average reaction is

105 x 1.2 x 1.40___________ -- 46.4 tons/rn
2 x 1.20•+ 1.40

Load directly supported by the lintel beam

0.50 x 105 = 52.5 tcns/m

Dead load

0.5 x 0.32 x 2.5 = 0.4 tons/m

Total load

p = 42 + 46.4 + 63 + 0.4 = 141.3 tons/im

Stresses. Taking an equal moment at the center and at the fixed cdge which is equal
to ±pLI/10

M = 141.3 x (0.70)2 ±6.9 ton-r/r
10

Shearing stress at the support

141.3 x 0.70
T 2 49.5 tons

At supports: 57"/2
M = -6.9 ton-m/mrn
T = 49.5tons ___ __ __2. _,__

W =5.63 cm2  - -

x = 18.8 cm i

h = 92 cm
h' = 88 cm
y = 15.65 cm
z = 82.8 cm
n! = 14.7 kg/mm

2

T/bz = 12.0 kg/cm2

T/xz = 31.8 kg/cm2

we = 3.83 cm 2

e = 15 cm , 77
n' = 23.5 kg/mm2

e (One stirrup (A10) plus I tie (TI2) at 15 cm

At the center: on centersl

M = +6.9
w' = 3.4 cm,

h =92cm
h' - 87 cm
y = 12.3 cm
z = 82.9 cm
na = 24.5 kg/mm

2
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(2) Vertical lintel beams (pilasters). The lintel beam situated at the earth side of door
opening F1 is justified as follows: It measures 1.80 m long, 0.5C m thick, and 0.80 mn !n height.
(Note: Fire door recess has been deducted from total thickness.)

The beam serves as a support of the vertical 60-cm wall exterior of the entrance chamber
and the vertical 40-cm wall of the vestibule.

Rtaction of the exterior wall of the entrance chamber. This wall measures 2.3$& x 2.60 m.
The horizontal thrust equal to 40 per cent of the vertical pressure gives a maximum reaction
at the center pf the vertical side of 2.30 m eqial to

43.6 x 2.30 x 2.60 = 34.8 tons/in
2 x 2.60 + 2.30

Reaction of the wall of the vestibule. This wall measures 2.30 x 1.20 M.. Assuming the
destruction of the stairs and the landing, this slab, supported on three sides, is subjected only
to forces of dead load and the horizontal thrust of the earth.

The average reaction is

43.6 x 2.30 x 1.20
2.30 + 2 x 1.20

Load directly supported: The lintel beam (pilaster) finally supports the load

43.6 x 0.50 = 21.8 tons/m

Total load

p = 34.8 + 25.6 + 21.8 = 82.2 tons/im

Stresses

M p 2  82.2 x (1.80)'2 = 26.6 ton-im/m
10 10

T = L = 82 2 x 0.60 74.0 tons
2

At supports:
M = -26.6 ton-mi /07/2

T = 74.0 tons
W' = 11.31 cm2

x = 37.7 cm 80
h = 80 cm
h' = 74.8 cm
y =19.4cm ern
z = 68.3 cm

=34.4 kg/mm2

T/b" = 21.7 kg/cm2 2 7J

T/xz = 28.7 kg/cm2  .0 ..
e = 6.28 cm 2

e = 15cm .7/a

' = 25.9 kg/mm2  [Three stirrups plus I tie (ADx), 10 mm at 15 cm on
centers)

At the center:
M = +26.6 ton-m
W' = 10.0 cm 2

h =80cm
h' = 74 cm
y = 16.55 cm
z = 67.0 cm
n' = 39.7 kg/mm

2
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mitted to the vertical lintel beams (pilasters) C3 and C4. The horizontal iintel beams of open-
ing F2, in paificular ihe liniel beam in ihe roof biab, measures 0.70 m long, 0.50 m thick, ann
0.95 m in height.

The lintel beam is subjected to the reaction of the slabs of the entrance chamber and the
annexes, to the pressure that is directly applied, and to its dead load.

Reaction of the slab of the entrance chamber. A uniform reaction is taken which is equal
to the maximum shearing stress, 51.2 tons/m [see Sec. B.2.2(b)(2)].

Reaction of the slab of the annexes. In like manner, a uniform equal reaction is taken
which is equal to the maximum shearing stress, 54.8 tons/rm [see Sec. B.2,2(c)(2)].

Load directly applied

0.50 x 105 = 52.5 tons/m

Dead load

0.35 x 0.50 x 2.5 = 0.4 ton/m

Total load applied on lintel beam

p = 51.2 + 54.8 + 52.5 + 0.11 158.9 tons/m

Stresses. BendinL moments.

M p)L 158.9 x 7.8 ton-rn10 10

Shearing stiesses at the supports.

T - pL - 15s.9 x 0.70 56.6 tons2 2

At supports:
M = -7.8 ton-m .5 T71
T = 55.6 tons
W' = 5.65 cm 2

x = 18.8 cra --I *•.
h =95cm
h' = 89.8 cm
y = 15.8 cm
z = 84.5 cm I
na = 16.3 kg/mm2

T/bz 13.2 kg/cm2  1 s
T/xz = 36.0 kg/cr,2  90 4

w4' 3.83 m2  43-1
e 10cm ST/2
n 17.2 kg/mm 2  [One stirrup (A10) pius 1 tUe ('12), at 10 cm

At the center: on centers!

M = + 7.8 ton-m
Wf = 3.39 cm 2

h = 95 cm
h' = 90 -- 1

y = 12.6 cm
z = 85.8 cm
i = 26.7 kg/mm2
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,C) Lintel i3eam Cl. The beams (Cl) are located at the opening thit is 1.0 m wide, which

connects the two large rooms of the shelter.
The lower lintel beam is incorporated in tht floor; the upper lintel beam protrudes 0.40 m

below the ceiling of the shelter.

The lower lintel beam gould be subjected to the same forces its the upper lintel beam if
th',, reaction of the ground on the floor was uniform. However, its failurc would bring large

deformations incompatible wi.th the condition that the floor remain in contact with the ground.

This is why the lower lintel beam will be reinforced as the upper beam even though its height

is less.
The upper lintel beam is 0.40 m thick, 1.00 m long, and 1.00 m high.
The lintel beam (CI) serves as a sup-)ort for the two 3.30 x 3.00 m slabs, carries its dead

load, and carries the overpressure that is hrectiy applied to it.

Reactions of the 3.30 x 3.00 m slabs. The lintel bearmi is located at the end of the short
side of the slabs (the common short side). Along this side the reaction has a parabolic distribu-

tion, with the maximum at the center and zero at the ends. It is safe to replace this variable
reaction by a uniform distributed reaction equal to the average reaction taken along the perim-

eter of the rectangle.

105 x 3.30 x 3.002x 3.30 +2T5.00 = 82.5 tons/m

Therefore, for the two slabs, the total is 165 tons/in.

Pressure directly supported by the lintel beam

105 x 0.40 = 42 tons/m

Dead load protruding under the slab

0.40 x 0,40 x 2.5 ý 0.4 ton/rn

Total load

p = 165 + 42 + 0.4 = 207.4 tons/ni

Stresses.

M pL2  207.4 x (1.00)2 = 20.74 ton-i
10 16

pL -L = 207.4 x 0.50 = 103.7 tons
2

At supports: 4 7/G 4 7r/
M = - 20.7 ton-mi
T = 103.7 tons /00
W1' = 12.56 cm 2  -7-

x = 35.2 cm

h = 100 cm
h' = 94.8 cm
y = 25.5 cm

z = 86.3 cm ' 4
= 19.1 kg/rmm2

T/bz = 30.0 kg/cm
2

T/xz = 34.1 kg/cm 2  _ __

we' = 4.71 cm2 2/

e = 10cm /X 4 r/V

' = 25.5 kg/mm2  [Two stirrups plus I iti. (AD.%, 10. mm
at 10 cm on cv-.itersi
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At the center:
Miz - - 20.74 tun-m
w' = 8.04 cm 2

h =iNO cm
h' = 96 cm
y = 21.3 cm
z = 88.9 cm

' = 28.7 kg/mm 2
na

(d) Lintel Beam C2. The lintel beam (C2) is located at the opening of 1.20 x 2.30 m, which
gives access to the annexes (water closet, etc.). The upper lintel beam is incorporated in the
roof slab and the lower one in the floor slab. Only the former will be analyzed, the latter being
identically rei .forced. They are 0.60 m uide.

The beam serves as a support for th- 3.30 x 3.00 m slab and the slab of the annexes. It
also receives the overpressure that is directly applied to it.

Reaction of the 3.30 x 3.00 m slab. The same reaction as that of the lintel beam (CI) is
taken, that is, 82.5 tons/m.

Reaction of the slab of the annexes. Since the lintel beam (C2) acts as the support of one of
the short sides of the annex slab, a uniform average reaction is taken which is equal to 80 per
cent of the maximum shearing stress along this side, this is 0.8 x 42 = 33.6 tons/im.

Directly applied pressure

105 x 0.60 = 63.0 tons/m

Total load

p = 82.5 + 33.6 + 63.0 = 179.1 tons/m

Stresses.

pL 2 
_ 179.1 x (1.2)2 =25. ton-r10 10

T = 179.1 x 0.60 = 107.5 tons

At sup_ rLts:
M = - 25.8 ton-m 45 r/2
T = 107.5 tons
W 20.36 cm
X = 67.9 cm
h 60 cm53.
h' = 53.6 cm

y 18.8 cm
=47.3 cmI

= 26.8 kg/mm2  H --- ,
Ti/bz = 37.9 kg/cm2  4I.T

rixz = 33.5 kg/cm.T
= 7.85 cm 2  [Six stirrups (ADx), 10 mm at 10 mm

e 101 cm oa centers]

' = 29.0 kg/mm2
ne

At the center:

M + 29.8 ton-m
W' 14.32 cm 2

h 60cm
h' = 55.5 cm
y = 16.7 cm
z = 49.9 cm
n' 36.! kg/mm 2
na
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(e) Lintel Beam (Pilaster) C3. The vertical lintel beam serves as a support for the
1.20 x 2.30 m partitin -,-all. a'.f the• ntranc chamher Tt is 2.30 m long. 0.70 m high. and 0.60 m

thick.

The reat-0I--1 iS m-im.Um at to. UlV c•lnter _and "h' a ...... of 47.A tn/rn. ..T... .if..rrn rpa. -

tion obtained by taking the average reaction J the perimeter is assumed to be approximately
the maximum:

100 x 2.30 x 1.20 = 3 tors/m
2 x 2.30 +-2 x 1.20

Stresses.

M pL 2  39.4 x (2.3)2= - = 20.8 ton-m
10 10

T =L = 39.4 x 1.15 = 45.3 tons
2

At supports:
M = -20.8 ton-m 5 rIG
T = 45.3 tons

(.,' = 10.05 cm 2  70
x = 25 .1 cm
h = 70 cm
h' = 64.4 cm

y = 15.6 cm

z = 59.2 cm -Go-

n = 31.5 kg/mm 2  64 r1Ia 6

n Z '74.8 kg/cm- - -2...

T/bz = 12.8 kg/cm 2

Tlxz = 30.4 kg/cm 2  5 77IG

' = 6.97 cm 2  [One tie (T2I plus 3 stirrups (ADx),

ee 20cm 10 mm at 20 cm on centersi

ne I =22 kg/mmn
2

At the center:

M = + 20.8 ton-m
w' = 10.5 cm 2

h = 70 cm
h' = 64 cm

y = 15.6 cm
z = 58.8 cm

n' = 35.4 kg,, mm 2
na

(f Lintel Beam (Pilaster) C4. The lintel beam (C4) serves as a support for the door (F2)
and for the 1.10 x 2.30 m partition wall of the entrance (hamber. It is 2.30 m long, 1.10 m

high, and 0.30 m thick.

Reaction of the partition wall. The average reaction oi the perimeter is used:

100 x 2.30 x 1.10 31.2 ton-/m

2x 2.30 -- 2 x 1.10

Reaction of the door. The presence of the horizontal lintel beams of the door is neglected

and the average reaction on the perimeter of the rectangle bounded by the floor slab, the roof
slab, the lintel beam (C2). and the 1.20 x 2.30 m partition wall is used.

100 x 2 .30 x 1 .2 39 .4 tons, m

2 2.30 +2 1.20
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Directly applied pressure

100 x 0 .f3 = 30 *,on/.•

p 37.2 + 39.4 + 30 = 106.6 ton!.:'-..

Stresses,

M pL2  106.6 x (2.30)2 56.4 ton-r
10 10

T = 106.6 x 1.15 = 122.6 tons
2

At support: _____

M = - 56.4 ton-mr
T = 122.6 tons 1/0
Wo' = 16.08 cm 2  ---- - T
x = 40.2 cm I
h = 110 c I
h' = 103.8 cm
y = 33.6 cm .
z = 92.6 cm

na = 37.9 kg/mm2

nb = 110.9 kg/cm2

T/bz = 44.1 kg/cm2

T/xz = 32.9 kg/cmr2  / ___ -r /05.2
'e = 6.78 cm 2  //0

e = 15 cm,
n'e = 29.3 kg/mm 2  ITwo stirrups plus I tie (T12), at 15 cm on

centers]

At the center:
M = + 56.4 ton-m
w' = 16.08 cm 2

h = 110 cm
h' = 105.2 cm
y = 33.6 cm
z = 93.9cm

nt = 37.4 kg/mrn 2

B.3 EMERGC;: -ZY EXIT TUNNEL AND SHAFT

B1.3.1 General

The following is the analysis for the typical sections of the emergency exit tunnel and
shaft. The equations for slabs, as obtained from the following assumptions, will apply:

1. The normal forces are neglected.

2. An assumption is made that the reaction of the ground on the base slab i3 uniform.

The equations are valid if the typical section of the slabs is taken at a distance at least
one-'aalf the span of the slabs away from the ends (that is, 0.80 m for both tunnel and shaft).
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Adhering to thesc conditions, the equations used are as follows:

pL 3pL - (2 - U

M 4  a

pL 3 3pL (20 - l)h h LpJ
M 2 -- 4

ph 3 3pL + h 
e

M 4 A

p~h33pL +- 9hIJ
with A (3pL + 2h) (3pL + 20h) - eh 2

B.3.2 Emergency Exit lunnel

The floor slab and the roof slab are 0.40 m thick, and the v.rtical walls are 0.30 m.
The lengths of L and h are measured from center line to center line of the corresponding

slabs.

1 = 1.10 m t4Om

h = 1.40 m

o =I
( 1 0 . 3 0 ) 3" 

- "

0.40 = 0.422 p! I

a= (3 v .422 v !1. 1-*-9v 1 40)

x (3 x 0.422 x 1.10 + 2 x 1.40)- (1.40)2 15.6 m2  It

(a) Floor and Roof Slabs. The vertical pressure p is calculated for the floor slab.

Dead load of slab: (2 x 0.40 x 1.40 + 2 x 1.00 x 0.30) x 2.5 = 4.3 tons/rn
Overpressure 1.40 Y 1.00 140.0 tons/m
Earth load (overburden) 2 )e 3.00 x 1.4 8.4 tons/rn

152.7 tons/M

Reaction of ground p.

152.7

1.40 109 tons/r 2

(b) Tunnel Walls. The pressuire at the level of the floor slat is equal to

10 t-ns - 2 x 3.00 m - 10G ter- /n2

Therefore, the thrust is

(Coefficient of thrust = 0.2'5; 106 x 0.25 = 26.5 tons/mi2

(Coefficienm cf thrust - 0.40) i06 x 0.40 42.4 tons/mr2

(e:) Bending Monients. (1, Moments dvhe to pressure ou the slab. Fixed-end moments.

-p 3,,L + (2 -- 01h - in
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pL 3 3pL + (20 - 1)h = 2.75 ton-rnr
M 4- P_ a .5to-

Moments in th- ro:-f and floor vlati At fi~xed.-end

M/ = MI = M= 2.75' tcn,n,/_-t

At mid-span

M = (pL 2 8) M1 + 13.75 ton-m/m

Moments in the tunnel walls.

M -- M = M 2 = - 2.75 ton-mi/m

(2) Moments due to thrust uf the earth (overburden). Fixed-end moments. With the
coefficient of 0.25

M M ph 2 03pL +h _ 3.25 ton-h/rMI = M2 -- "4- A .5to-

With coefficient of 0.40

MI = M 2 = - 5.20 ton-m/m

Moments in the roof and floor slabs. With the coefficient of thrust of 0.25

M -3.25 ton-m/i"

With the coefficient (f thrust of 0.40

M = 5.20 ton-m/m

Moments in the tunnel walls. At fixed ends

M = - 3.25 ton-m/m

M = - 5.20 ton-m/m

At mid-span, coefficient of thrust of 0.25

M =-3.25 + 26.5 x (1.40)2= + 3.25 ton-m/m8

At mid-span, coefficient of thrust of 0 40

M - 5.20 + 42.4 x (1.40)2 5.20 ton-r/n

(3) Resultant Moments. Roof and floor slabs. At fixed end

- 6.00 ton-m/m > M > - 7.95 ton-m/m

At mid-span

+ 8.55 ton-n,,,/m ' M < + 10.50 ton-m/m
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Tunnel walls. At fixed end

- 6.00 ton-m/m > M > - 7.95 ton-m/m

At mid-span

+ 0.50 ton-m/m < M < + 2.45 ton-m/m

(d) Shearing Stresses. (1) Roof and floor slabs.

T = 109 x 0.40 = 43,6 tons/m

(2) Tunnel walls. The maximum thrust gives the worst condition

T = 42.4 x 0.50 = 21 2 ton-m/m

(e) Stresses. (1) Roof and floor slabs. Trhe least fav.:rable stresies are given.

At fixed end
M = - 7.95 ton-m/n/. 8 T r/G6 l w€' ls..-ocm

T = 43.6 tons/mx

y = 11.0 cm 3G
z = 32.35 cm

no = 15.4 kg/mm 2
T/bz 13.5kg/cm 2

T/xz = 33.5 kg/cmr2

Stirrups- 9 single-leg stirrups (ADx) of 10 mm per meter spaced at 12.. cm on cl-nters.

we' = 6.28 cm 2

, 43 600 x 12.5 26.8 kg/mm2

628 x 32.35

At mid-span - --
M =+10."0ton-m/m

h'=36 cm
y = 8.6 cm 3
z = 33.1cm 40-

' = 35.1 kg/mm2  a rlI£m
•, .05 C"•

(2) Tunnel walls. At fixed end
M = - 7.95 ton-m/m
T = 21.2 tons/m
h' = 26 cm W,. 0,,M8
y = 9.03 cm \ 4 -
z = 23.0 cm .30
q = 21.5 kg/mm2

nb = 76.1 kg/cm 2

T/bz = 9.2 kg/cm 2

T/xz 23 0 kg/cm 2

No stirrups

AL mid-span. This section is reinforced with four T12 (w' = 4.52 cm 2. x 15.1 cm), wnich
is an area and a perimeter greater than one-third of that supplied by the reinforcement at tht,
mid-span of the slabs. However, the moment at this section is less than one-third of the
mo;ment at the mid-span, and the reinforcement is adequate.
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B.3.3 Emergency Exit Shaft

The floor slab measures 1.40 x 1.40 ni and the walls of the shaft are

0.30 rn thick. T

It is uniformly loaded by a pressure p, which is assumed equal to 1

the maximum pressure (43.3 tons/m 2 ) on the total height.

The formulas for the slab are simplied as follows:

M, = M2=- 24_
=L

24

M = M2  
ph2

24

withh = L = 1.10m

(a) Bending Moments. The stresses are identical on all surfaces.
(1) At fixed end

M_ 2 ph2  'I.10)2M 2- 47 h 43.3 x f2- 4.4ton-m/m

(2) At mid-span

M -4.4 + 8 +2.2 ton-m/m8

(b) Shearing Stresses. On all surfaces; at fixed end

T = 43.3 x 0.40 = 17.3 tons/m

(c) Stresses. (1) At fixed end
M = - 4.4 ton-m/mr
T = 17.3 tons/m rFe/5c, .M;Wai.' cm
h' = 26cm x x 25."./co
y = 6.6 cm 30

z = 23.8 cm
n'a = 24.6 kg/mm2

T/bz = 7.3 kg/cm2  ------

T/xz = 29.0 kg/cm2

No stirrups

(2) At mid-span. The bending moment (and the shearing stress because the tension face

changes sides) is one-half as large as that at the fixed end. Therefore the steel area is also

one-half as large. T12 at 30 cm on centers are sufficient.
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Appendix C

AS-BUILT DRAWINGS
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Appendix D

ANALYSIS OF RECTANGULAR CONCRETE SHELTER,

TYPE 60, STRUCTURE I1-1

D.1 GENERAL

The shelter was designed by French engineers to withstand a static loading condition (Sec.
1.4). A shelter of this type was constructed at the theoretical 132.3-psi overpressure level and
tested during shot Smoky of Operation Plumbbob. On the basis of the limited damage incurred,
it was deemed advisable to analyze the roof slab of this shelter by the conventional ultimate
strength theory in order to ascertain whether this method would substantiate the actual damage
sustained by the member.

D.2 BLAST LOADING

For the purpose of analysis, the blast loading on the roof slab of this structure was as-
sumed to be the actual free-air pressure-time load as recorded on the blast line at the location
of this structure. The earth cover was assumed not to attenuate the free-air overpressure.

D.7 STRENGTH CRITERIA

As stated before, the structure was analyzed for dynamic behavior using ultimate strength
theory.

The compressive strength of the concrete was 3800 psi and was determined as the average
value obtained from the 90-day test cylinders (preshot). Reinforcing steel used in the roof slab
was Tor-40 deformed reinforcerment sent from France.

This type reinforcement has two diametrically opposite continuous spiral ribs running
along its length. These square raised-p.,ttern ribs have a height and width of one-tenth of the
bar care diameter. The static unit stress at yield of 65,000 psi was also the average of values
obtained from the test specimens. The dynamic design tensile and compressive yield stresses
for steel and the dynamic ultimate compressive stress for concrete were increased over the
static valnes to account for the rapid strain rates* caused by the blast loading.

See SH.D.6, f ac and fds, The dynamic increase factors used in this analysis are the
average values recommended in the manual EM-1110-345-414. More accurate values can be
obtained by considering the actual times of yield and utilizing Figs. 4.15 and 4.20 of the above-
referenced manual.
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D.4 ANALYSIS

In Lrnnoral tho ann , i, nf the varinug rnmhnprn nf tht Otrnetu.rp whieh arp Pynn•pd tn the

blast consist in the solution of the equation of motion,

F - R Me X

where F = applied blast force
R = internal resistance of the structural member

Me = mass of an equivalent one-degree-of-freedom system1

X = acceleration of the mass

This equation of motion can be readily solved by any of several numerical integration2

methods. The numerical method illustrated in this appendix for the analysis of the roof slab of
the shelter is the "acceleration impulse extrapolation method," described in reference 1.

Poisson's ratio for reinforced concrete usually is taken to vary between 0.10 and 0.166. In
this analysis Poisson's ratio has been taken as zero. Another analysis using Poisson's ratio
equal to 0.3 was also performed in order to ascertain the actual effect that this constant has on
the final results. Comparison of results indicates that the effect of Poisson's ratio may be
considered negligible over the entire range from elastic to plastic behavior of the structural
member.

'ec.
and D.5 DESIGN AND STRUCTURE
-ed,

Architecturally, the shei er was constructed as shown in Chap. 1, Fig. 1.1. The as-built
iage draings shown in Appendix C, v'igs. C.1.1 to C.1.33, show the actual reinforcement arrange-

ment placed in the field. As is clearly indicated by these drawings, there is very little devia-
tion from the original reinforcement details. No modifications other than those recorded on
the as-built drawings were made to any of the structures.

NOMENCLATURE

Mion

As = area of reinforcement
a = depth of compression block of the slab
b = width of the slab
d = distance from extreme compressive fiber to the centroid of .ie tersion force in

igth tensile reinforcement
E = modulus of elastictty
f' static ultimate unit stress of concrete

~iab fac = dynamic ultimate unit stress of concrete
fs = static unit stress of reinforcement at yield

fda = dynamic unit stress of reinforcement at yield

Ic = moment of inertia of cracked section

ies 'u moment of inertia of uncracked section
K = stiffness of member

5es L, clear span (member in short direction)
e L2= clear span (member in long direction)

m - mass of the member
M, = moment at the centerline of the member
SMs moment at the support of the member

n = ratio ot modulus of elasticity of steel to that of concrete
r = unit resistance of the member
R = total resistance of the member

e T = period of vibration of the member
ve- ult = ultimate

x = deflection of the member
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ANALYSIS

&i 1e, , 2's -.4'""

Le :10-IO" 7'] . t" ,

A L t A

-Jr 1?4Section A-AJ Y ll11

LiE Section B-B

NOTE: The ultimate resistance of section I is governed by the continuous portion of the
slab. The ultimate reqistance of section 11 is governed by the moment capacity of the wall be-
low the roof slab. Assume the outer strips of sections I and II have one-half the moment and
shear capacity of their respective middle strips.

v = Poisson's ratio = 0 (for reinforced concrete)
f• = 3,800 psi (90-day results) a
fs= 65,000 psi av. values of test results

fV = 3,800 (1.3) = 4.95 ksi

fdo = 65,000 (1.1) = 71.5 ksi
d = 24 in. - 2 in. = 22 in.1d' = 24 in. - 2 in. = 22 in. av. values for both directions

d'=24 in. - 4 in. =20 in.J
t t 24 in.

Diameter:
Millimeters 12 16
Inches 0.473 0.63G

Section I:

By trial and error solution, use

(p = 45.75 
x

X = tan 0 (4.92) = 5.05 ft

AREA-
Positive steel (per foot) . . 4.617

.7

A' (0.63)2(3) 0.935 sq in./ft - A'S

Negative steel (per foot) ( R

A I = (0.473)'(6) = 1.052 sq in./ft
4 ftR

AI = j (0.473)2(3) = 0.526 sq in./ft
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Negative moment capacity (per foot)

__ Asfds _ 1.052(71.5) .. .. , ... .
" 0.85bfdc 0.85(12)(4.95) - .ret. 3)

M ult

-1.052(71.5) (22 -k~ 9 (2~ - 133.3 kf/ft

Positive moment capacity (per foot)

0.935
a = 0.05 (1.49) = 1.322 in.

M' ult = 0.935(71.5/1(22 - 1.322) 1~ 118.9 Id/ft

Total positive and negative moments

(MI + MI 3

ZM,Ilt = (133.3 + 118.9)(0.75)(9.83) = 1860 kf

Total resistance of Section I

E.M 1860
_i =1105 k

c 0.333(5.05)

Unit resistance

rut =0.5(5.05)(9.83) 44.6 ksf = 310 psi

Section 11:

Wall reinforcement (per foot)

A + = -(0. 4 7 3 )2(3 ) = 0.526 sq in.

IT-
A - =-(0.473)2(6) = 1.052 sq in.

Negative moment (per foot)
34S

Assume maximum loading on roof slab = 310 psi. Assumed
resistance,

R = 2 (4.92)(5.05) + (4.92)(0.73) 44.6 =1265 k

1265

P = R' 125 =153 k/ft
5.78 + 2.52
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Negative moment capacity (per foot)

MI =d' A'f s + 0.85 f .Cb a =1.49 in.

(20(0.26)7120 24 2.4
(20(052)(7.5 +0.85(4.95)(1.49)(12)(ý-2 - 24 1.9

75.2 + 75.3(10 + 12 - 0.745)

= 75.2 + 1600 = 1675 ki/ft - 140 kf/ft

Positive moment capacity (per foot)

Mt Asfs (d -a)

A =4(0.63)2(3) = 0.935 sq in./ft a = 1.322 in.

S= 0.935(71.5) (22 - 2

= 1427 ki/ft.= 119 kf/ft

Total positive and negative moments

EMult S(M + e + - e)

= (140 119)0.73 +-1- (10. 8 3 - 0.73)

= 259(8.31) 2160 kf

Moment arm f

24.8 + 3.6 4.92 _ 4
SC 28.i1.75 ft

(0.73 + 10.83)(4.92) 28.4

Total resistance; Section II

2 M 2160
R - - - 1240 k

c 1.75

Unit resistance; Section II

1240
r=~~-=43.7 ksf s5 44.6 ksf

Av. unit resistance of total slab

• ~ ~~~1240 +1105 _4. s
ray. 5 3.2 4. s

Ultimate resistance of slab for moment

Rult 2(53.2)(44.0) = 4690 k
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Assume member is fixed all around

L b _l1.83L2b _ 10- = 1.101 (Use 1.1)
L1  a 9.83

Sec. I: Ms, = 0.0543 q L2 (Ref. 4, p. 240)

Mt, = 0.0166 q LI

Sec. II: Ms 2 = 0.0585 q LI

Mt2 = 0.0217 q LI

See. 1: qs_ = Ms 1 2 133.3 = 25.3 ksf= 176 psi
0.0543 LI 0.0543(9.84)2

_____ 118.9M= 189 -74.0 ksf
q~t =0.0166 L2 0.0166(9.84)2

Sec. 11: qS2 = Ms 2  - 140 = 24.8 ksf =172 psi

0.0585 LI 0.0585(9.84)2

1M2 119.0 = 56.8 ksf
t2 0.0217 L4 - 0.0217(9.84)2

Negative steel of Section II yields first. Section II, first yield, q = 172 psi:

R, = 24.8(10.83)(9.83) = 2640 k
E = 1000 f' = 3.8 x 106

1 [1.052 + 0.935 0
P- = 21 12(22) = 0.00376

+ 1 0.935 + 1.0521 0.00376
p T 12(22) J 0.00752 (Total)

30 x 106
n-3.8 x 10 7.9

Pay. = 0.00376; F = 0.022 (Ref. 2)

Iuncracked - btl =-1 (12)(24)1 = 13,800iunraked1 2 12

lcracked = Ihd3 = 0.022(12)(22)1 = 2,810
16,610 (Total)

I av. -8300 in. 4

S1-= (8300)= 8300

S0.0181qi 0.0181(172)(9.83 x 12)' 0.01918 in. = 0.00160 ft
Et3 3.8(106) 8300

K, R1 _ 2640x, 0.00160 1.65 × 106 k/ft

For q = 24.8 ksf

( 24.8\
S= 133.3 k - 130.8 k,/i
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M4. = 118.9 24. = 39.8 kf/ft74.0i

124.8N
Mi2 = 119.0 =52.0 kf/ft

Second yield, member clamped on side L, and simply supported on side L2

LZ

M, 2 = 0.0217qL2 (Ref. 4; p. 235) n

Mr = 0.0788qLi L

Mti = 0.0304qLl

Remaining moment capacities

MC2 = Mt2ult - M' 2 = 119.0 - 52.0 = 67 kf/ft

Ms, = Msiult - M = 133.3 - 130.8 = 2.5 kf/ft

MNt = Mtjult -M'i = 118.9 -39.8 = 79.1 kf/ft

Loads to cause yield

_ 67
U 0.0217L1 0.0217(9.83)2 = 32.0 ksf

Ms =____ 2 2.5 0.33 ksf 2.29 psi
0.0788LI 0.0788(9.83)2

M '1 2= 79.1 = 26.9 ksf
= 0.0304LI 0.0304(9.83)2

Second yield, negative steel of Section I

AR 2 = 0.33(10.83)(9.83) = 35.2 k

R2 = 2640 + 35.2 = 2675 k

0.0303qL= 0.0303(2.29)(9.83 x 12)'

Ax2 = Et3  3.8(106)(8300) 0.000426 in. 0.0000355 ft

X2 = 0.00160 + 0.0000355 = 0.00164 ft

K2 = AR 2  35.2
Ax 2 3.55 x 10- 0.990 x 106 k/ft

r 0.33\nAM14I 79. (22 ;j~. 9) .9 kr/ft

AMt 2 = 67 32.0 0.69 kf/ft

Mt'i = 39.8 - 0.97 = 40.8 kf/ft

MI' 2 = 52.0 + 0.69 = 52.7 kf/ft

Third yield, member simply supported all around

Mti = 0.0359qI4 (Ref. 4, p. 232)
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Mt 2 = 0.0446qL!

M4I = Mt 1ult -MeI = 118.9 -40.8 = 78.1 kf/ft

Mt 2 = Mt 2UIt - Mt 2 = 119.0 - 52.7 = 66.3 kf/ft

qtj = Mt I 78.1 = 22.5 ksf
0.0359-T 0.0359(9.83) .

= Mt2 66.3
0.0446L - 0.0446(9.83)= 15.37 ksf = 106.7 psi

Third yield, positive steel of Section 11

AR3 = 15.37(9.83)(10.83) = 1636 k

R3 = 2675 + 1636 = 4311 k

A•x 3 0.0584(106.7)(9.83x 12)' = 0.0382 in. = 0.00318 ft

X3 = 0.00164 + 0.00318 = 0.00482 ft
K _R3 1636

._ AX 3 - 3.18 x 10-3 = 5.14 x 10' k/ft

1--= 78.1"-. -= 53.4 kf/ft
A~ti 78.22.5

Z i = 40.8 + 53.4 = 94.2 kf/ft

NOTE: Since "e" is small, the failure at the fourth yield is localized. Consequently, the
stiffness of the entire slab at the fourth yield is very nearly equal to that of the slab at the
third yield. For purposes of this analysis, we have assumed that the stiffnesses at the fourth
yield is equal to that at the third yield. The ultimate resistance of the slab remains unchanged.

The resistance vs. deflection curve is shown in Fig. D.1.
Dynamic Analysis

Dead load (assume overburden = 100 pcf)

Fdl = Rd, = [(0.15 x 2) + (0.10 x 4)] (9.83)(10.83) 74.5 k

Mass

A Section I 2(1)(9.83)(5.05) [(2)(0.15) + 4(0.1)1 = 1.08
32.2

LM Section II 2(28.4) [(2)(0.15) + 4(0.1)] 32,21 1.23

m = 2.31 k-sec 2/ft

Equivalent mass (Ref. 5)

1st yield = m, =[0.610 + 0.1 56 (b 1.0)1 m

= [0.610 + 0.156 (1.1 - 1.0)] 2.31 = 1.445 k-secl/ft

4th yield = m4 = [0.630 + 0.160 b. _ 1.0)] m

= [0.630 + 0.160 (1.1 - 1.0)] 2.31 = 1.490 k-sec2/ft
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NOTE: Use the same equivalent mass for m2 and m 3 as was used for m4.

S5th yield - ins -•• + (6b-4a) m
1 U (4b - 3a)

r
'*i.ti.00) -7.01 [ + -(1.23)

- (7.08) + 6(10.83) - 4(9.83)
[43.3 -29.5]

=0.54 + [63.39.51(1.23)

165.0 - 39.3j

=0.54 + [-.7 (1.23)

= 0.54 + 0.66 = 1.20 k-sec2/ft

NOTE: Assume the dead load and preill.ninary part of the pressure curve, Fig. D.2, to t =

13.5 msec (time 0.00 of dynamic analysis No. 1) act as a static load.

Period

/1.445 x 10-1
= 21T = 27 k- 1.65 = 5.88 x 10-'

At T/10 = 5.88 x 10-4 -- use 0.00025 sec

Static load, analysis No. 1 (see Fig. D.2)

Fstatic = Fd.1. + Fp.p. = 74.5 + 30(0.144)(106.4)

= 75 + 460 = 535 k

t flllA 535
Xstatic = Xd.l. + Xp.p. = 0.00-160 kt-' = 0.000324 ft

Analysis constants

At' (25 x 10-5)2 = 625 x 10-10 = 0.625 x 10- sec2

at2/t 2 0.625 x 10-1 0.432 x 10-1
1.445

0.625 x 10-1

M= 1.490 = 0.420 x 10-

Xn+t = 2Xn - x n-1 4 a n(At2) (Ref. 1)

F = P(0.144)(106.4) - 460 = 15.32P - 460

Fn - Rn
an = - (Ref. 1)S~m

1 F+FF-F 1 [= 541
ao = - 6 1 445 0+ = 6.23

Me 2

X0 = aoAt 2 
= (6.23)(0.625 x 10-') =0.389 x 10-

Static .- analysis No. 2

Fstatic = Fd.1. + F 74.5 + 32(0.144)(106.4) = 75 + 490

Fgtatic = 565 k
S(565\

Xstatic ='Xd.l. + X = 0.00160 = 0.00342 ft
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Analysis constants

1 [rV. •-F 0 }1 I f 1851

me = I+ 6 T1.445 U+-6' 21.35

x0 = a0Atz = (21.35)(0.625 x 10-7) = 1.335 x 1=*-

Dynamic analysis No. 1 is not given herein. Solution of this analysis indicated that the
resistance damped out and returned to vibrate about the load curve. Subsequently, comparison
of dynamic analysis No. 1 with dynamic analysis No. 2 indicated that the maximum resistance
of dynamic analysis No. 2 was greater than that obtained from analysis No. 1.

NOTE: Dynamic analysis indicates that, if a damping factor were included in the analysis,
the resistance would vibrate about the load curve and by the time the peak pressure was
reached the applied load would be static in nature. At the first reversal the maximum dynamic
resistance is 1458 kip. At the second reversal Rn is 1634 kip. This indicates an increase of

approximately 11 per cent. However, the damping factor for the first cycle is approximately
15 per cent, thereby indicating that the peak dynamic resistance occurs at the first reversal.
For purposes of this analysis, we have taken the peak dynamic load as that which was obtained

from the second reversal (at t = 92.5 x 10-6 sec) of dynamic analysis No. 2. This value is con-
servative, the actual loading probably being less than 1400 kip.

Retatic = 565 k; Rdynamic load = 1634 k

RT = 1634 + 565 = 2199 k

Deflection at third yield

X3 = 0.00482 + 0.00342 = 0.005162 ft = L/1906

Check of Shear

NOTE: For diagonal tension assume the critical section for shear is at "d" distance from

the interior face of the walls (Ref. 6).
As can be seen from the dynamic analysis presented in Table D.1, the slab remained

elastic under the applied blast load. Because of this, the slab was first analyzed using shear

coefficients for a slab fixed on four sides.

Elastic behavior

t = 24 in . "v/

x=d=22.Sin.=1.875ft I >___.

RT = 2199 k -/
/

2 1 9 9 2 0 .6 k s fw -=20.6 ksf - :10-106.4 LI :10 83' _

Vs2 = wL1 _ 20.6(9.83) - 96.4 k/ft (Ref. 4, p. 240)

2.10 2.10

Vd2 = Vs2 - wd

Vd2 = 96.4 - (20.6)(1.875) = 57.8 k/ft

The actual unit shear is

Vd (12)(22.57 =214 psi 3.47 Af
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If the structure had been more heavily loaded, the yield lines would have developed. r'or
this condition one must assume that the maximum shears are those obtained as the capacities
for the strongest section.

The shear at "d" distance from the support is obtained as follows:

5.05' _ oPTý 05

Aito 28.4 sq ft &125 3.t26

(6.98 + 10.83)(1.875)

2 A2

= 16.7 sq ft At

A 2 = Atot -A .

= 11.7 sq ft 
Lo

-6 I 5.r- LO 60

Total shear at "d" from support (line -

VT = 11.7(44.0) = 515 k

Shear per foot

515
S5.78 + 2(0.60/2) 80.8 k/ft

Actual unit shear

v 80.8 299 psi =4.85 vfic
12(22.5)
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Table D.1 -DYNAMIC ANALYSIS NO. 2

t x1 + 1
(x 10-l), F1 , R,, F.- R•, At/m aAt2  (x o0-),

11 sec kip kip kip (x 10-1) (x 10-i) ft

0 0 0 0.432 1.34 AR, 2640"'
1 2.5 185 2 183 7.91 1.34 Ax1 - 1600 x 10-6
2 5.0 354 17 337 14.56 10.59 K, = 1.65 x 10-'
3 7.5 522 57 465 20.09 34.40
4 10.0 722 129 593 25.62 78.30
5 12.5 728 244 484 20.91 147.82
6 15.0 732 393 339 14.64 238.25
7 17.5 737 566 171 7.39 343.32
8 20.0 742 752 -10 -0.43 455.78
9 22.5 749 937 -188 -8.12 567.81

10 25.0 757 1108 -351 -15.16 671.72
11 27.5 765 1255 -490 -21.17 760.47
12 30.0 772 1366 -594 -25.66 828.05
13 32.5 779 1435 -656 -28.34 869.91
14 35.0 786 1458 -672 -29.03 883.55 -first reversal
15 37.5 794 1432 -638 -27.56 868.10
16 40.0 802 1361 -559 -24.15 825.09
17 42.5 809 1251 -442 -19.09 757.93
18 45.0 817 1108 -291 -12.57 671.68
19 47.5 826 945 -119 -5.14 572.86
20 50.0 834 773 61 2.64 468.72
21 52.5 842 606 236 10.20 367.22
22 55.0 848 455 393 16.98 27".92
23 57.5 855 333 522 22.5: 201.60
24 60.0 861 247 614 26.52 149.83
25 62.5 869 206 663 28.64 124.58
26 65.5 877 211 666 28.77 127.97
27 67.5 884 264 620 26.78 160.13
28 70.0 892 361 531 22.94 219.07
29 72.5 900 498 402 17.37 301.95
30 75.0 907 664 243 10.50 402.20
31 77.5 915 846 69 2.98 512.95
32 80.0 923 1034 -111 -4.80 626.68
33 82.5 930 1214 -284 -12.27 735.61
34 85.0 938 1373 -435 -18.79 832.27
35 87.5 946 1502 -556 -24.02 910.14
36 90.0 952 1591 -639 -27.60 963.99
37 92.5 960 1634 -674 -29.12 990.24 second reversal
38 95.0 967 1629 -662 -28.60 987.37
39 97.5 975 1577 -602 -26.01 955.90
40 100.0 983 1482 -499 -21.56 898.42
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Appendix E

TECHNIQUES FOR FILM-BADGE MEASUREMENT*

E.1 GENERAL

Film-badge dosimetry measurements were made primarily for th2 Civil Effects Test
Group. In addition, some measurements were made for the Department of Defense; the Los
Alamos Scientific Laboratory; Holmes & Narver, Inc.; the Naval Radiological Defense Lai-' ra-
tory; and Edgerton, Germeshausen & Grier, Inc. Instrumentation was generally made to deter-
mine dose vs. distance (RD2 vs. D) for a given event. Measurements were also made - shelturs
and various other structures and test devices. Methods were essentially the same as those vsed
on Operation Teapot (EG&G Report 1387). The controls required to ensure uniformity .-! r.,eas-
urements and the sensitometric problems encountered during the program are discussed in the
following pages.

Measurements were made with four special types of film in two dental packets. The films
used were Du Pont 502, 510, and 606, and Eastman SO1112. An Eastman neutron-monitoring
film was tried at the beginning of the operation, but its use was discontinued because of ex-
treme gamma darkening.

A 7-curie Cosl source was used to furnish irradiated controls for the interpretation of film
badges used for each event. These badges were handled and processed with the field badges.

E.2 CALIBRATION

A Co 6o gamma calibration system (shown in Fig. E.1) was arranged so that 10 badge as-
semblies were consecutively administered in three sets, logarithmically progressive exposures
from 0.05 to 5 x 103 r. Table E.1 indicates the time of exposure, the dose rate, and thi dose
administered to the film. The readings listed in the table are accurate to 5 per cent.

Thirty badges were administered doses from 0.05 to 5,/ 103 r; 18 of the badge doses over-
lapped for standardization. The distance necessary to obtain the required doses with one ex-
posure per series remained identical for each corresponding badge.

The source was placed in a cradle at one end of a calibration range table in such a manner
that the center of the source beam passed through the center of the badges. The source was ad-
justed to the same position for each exposure so that, once the correct distances were estab-
lished, they were automatically reproduced each time.

Distances were determined with a 25-r Victoreen R-mcler, which was recently calibrated
by National Bureau of Standards. Exposures were timed to obtain midscale readings for great-
est accuracy. The badges were placed directly behind each other in a straight and level line

*The information contained in this appendix has been extracted from Edgerton.

Germeshausen & Grier, Inc., report No. 321 to the AEC.
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away from the source; the calibrated positions were determined by use of identical dummy as-

semblies for attenuation. Total opening and closing time of the source was approximately 4 sec.

This length of time could cause, at the most, a 2 per cent error on the 200-sec exposures, and

negligible error on all the others. It is believed an over-all accuracy of better than 5 per cent

was maintained on administered doses.
f Actual shot calibrations were made tile morning of a shot on film badges that were as-

sembled ana handled with the field badges. All badges were developed together, with gray scales
spaced at equal intervals throughout the reel. Ranges accurately covered by the dosimeter films
were:

Du Pont 502 ........... .0.1 to 10 r
Du Pont 510 ............ 8 to 300 r
Du Pont 606 ........... .200 to 600 r
Eastman SOl112 ........ 800 to 5 x 104 r

The Du Pont film packet is shown in Fig. E.2.
It was necessary to consider a total possible error of + 20 per cent because of the accuracy

limitations on administered doses, reading, and development. In addition, film irradiated in the
field tends to darken beyond the density obtainable with gamma calibration alone. This is be-
lieved to be caused by some type of reciprocity failure, neutron effects (at closer range), ther-
mal and pressure effects, or overdarkening due to secondaries. Finally, solar effects must be
taken into consideration because film that has remained in the heat of the Nevada sun does not
behave in the same way as fresh film.

E.3 HANDLING OF FILM BADGE

Since each film badge consists of many parts, an assembly line was set up to handle ex-
posed film efficiently. EG&G badge parts are: a light-tight package containing the film; a plas-
tic box that serves as an electron diffuser; a special metal box made of a lamination of tin on
the inside with lead on the outside, which functions as a filter to make the film energy independ-
ent; a polyethylene bag to protect the badge against weather and contamination; and an identifica-
tion tab (see Fig. E.2). The total assembly was then wrapped in aluminum foil for protection
against thermal radiation.

After recovery of the film badges from the field, the outside plastic cases containing the

film and identification tab were sorted and arranged numerically. The embossed film number
and the number of films in each badge were listed on a loading order data sheet.

The next step was to arrange the film packets in numerical order in a special dispenser
from which they were removed to be individually fastened together in the improved, more func-
tional edge-taping machine developed by EG&G for this purpose (Fig. E.3). After being taped
on this machine, approximately 200 complete badges-or 800 pieces of film-could be assem-
bled on a single reel and processed together. Although a single reel could contain more film,
it was found this amount was the most convenient to handle.

After completion of the processing operation, the density of each film was measured on a
densitometer (Fig. E.4). Personnel working in pairs read the densities and simultaneously de-
termined the equivalent roentgen exposures from the curves that were made from the calibra-
tion badges. The evaluated dosages were tabulated according to the proper film-badge number

and transferred to the data sheets for analysis.

tE.4 FILM P-ROCESSING

Because of the similarity between visible-light and gamma-radiation (short wave length)
sensitometry, precautions applicable to one must be applied to the other in the processing
operation. In both cases, the relation between exposure and developed density can be deter-
mined by means of a D-log E curve.
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The shape of the curve is dependent upon the degree of development of the irradiated fiim
in that. as development is increased, a given exposure will produce increasing values of deihsity
until the point is reached where density will be unaffected by a further increase in development.
This point of complete development should theoretically be rearhed for ontimim i a,-t'a-y it,

sensitometric work. However. owing to the severe limitation that would be noticed in the high-
density range and to densitometer errors that may result from high-dcnsity readings, any ad-
vantages gained may be offset.

Although more control is required in the actual developing phase if development is not
carried to completion, several advantagcs can be noticed from partial development of the film.
A family of D-log E characteristic curves for different development times of a typical medium-
speed emulsion is presented in Fig. E.5. The curve designated infinity represents development
to completion. It can be seen from the curves of the*incompletely developed films that the range
of exposures over which the film is responsive is extended considerably, covering nearly two
orders of magnitude beyond that exhibited by the completely developed film.

As shown in Fig. E.5. the maximum density which an incompletely developed film can at-
tain is approximately 2.8. A further increase in exposure, rather than increasing the density to
the saturation point, produces a definite reduction of density, or a reversal in exposure re-
sponse. This effect becomes more pronounced as development is decreased, until a p..nt is
reached where the reversal is minimized.

Observation of the cur-'es for the incompletely developed emulsions indicates that two dis-
tinct slopes are present, and as development is redu'ed, both -'noes tend to become more
nearly equal. The first slope of the curve is commonly referrL. ýo as the gamma of the D-log
E curve.

Gamma initially increases very rapidly with an inc, ease in development time; this rate
subsequently becomes less, and finally levels off with no further change. This leveling point is
known as gamma infinity, or complete development. The second slope region of the curve is less
well defined because it is seldom a straightforward logarithmic response (V'ig. E.6). Its aver-
age slope, however, exhibits considerably less change for different developing times than does
the value of gamma.

E.4.1 Problems of Processing Control

Fresh developer must enter the emulsion by diffusion. Once in the emulsion, the developer
reacts with the exposed silver halides and forms complexes that must diffuse out of the emul-
sion before new developer can enter. Since the mild acid contained in the complexes retards
development, violent action is often necessary to separate these acids from the surface. Once
they have been removed, they diffuse throughout the developer and become neutralized or ren-
dered inactive by components of the solution placed there to serve as such a buffer.

If a film being developed remains idle in the solution, the acid-retarding development will
gradually be reduced by the buffcr and development to completion can ultimately occur. How-
ever, when the film being processed is removed from the developer before complete develop-
ment takes place, physical aid is necessary to remove the complexes from the emulsion surface.
The method presently employed makes use of ten double-squeegee wipers to provide agitation
to the solution near the emulsion surface. This agitation is caused by the film moving past a
series of ten knifelike edges similar to soft rubber windshield wipers. These blades are held
in near contact with the emulsion surface and set up a turbulent flow pattern of developer as the
film and a layer of developer move past them. Design of this agitation system is such that there

f is little chance of damage to the film.

E.4.2 Controlled Processing of Radiation Film Badges

t Figure E.6 is a plot of a comparison of two D-log E curves. The dashed line represents
he response of several S01112 films subjected 'o a series of 400-psec visible light exposures:

the solid line is the response curve of a series of calibrated Co60 e- )osures. Exposure values
are given in arbitrary units. Although further experimentai work must be performed before
conclusive evidence can be drawn from the results of Fig. E.6. the similarity of the D-log E
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curve for the S01112 film indicates that white-light exposures may be used for process control
of gamma-radiation exposures.

The develooment of SO-1112 emulsions was carried out to a high contrast in an effort to
reduce the exposure-evaluation errors. Witli the contrast shown in Fig. E.6, the evaluation
IerrorR are &..A nr rpnt in the lnwer rpg inn nf thp elrvp and 4- 7 n•r rent in th. untipr ,;lone

region. The resulting D-log E curves display a wide range in gamma-radiation exposure, es-
pecially in comparison to the arcepted useful range produced as a result of development to
completion.

E.4.3 Processing Procedure

Included with the cobalt calibration badges were several S01112 white-light standards. All
badges were run through the taping machine and developed to a gamma of 1.3, as follows:

Emulsion Type MF, No. 1112: MCS 5000; N.D. 1.3
Color: White
Developer: D-76, No. 4
Temperature: 70°F
Time: 2 min 39 sec, 10 double-s ceegee wipers, used at 81/4 ft/min

The development gamma at the head of the series was 1.3, and at the tail was 1.29.

E. 5 ANALYSIS

The reels of processed badges are mounted on rewinds and wound across the reading sur-

face of an Ansco-Macbeth densitometer. Two central readings are made and recorded for each
film. With the readings complete, the calibration films are first compared to previous runs,
and then the shot films to their calibration film. From the results of these comparisons, analy-
sis charts and graphs can be drawn, and from these comprehensive summaries, the shot doses
and the accuracy of the system are determined.

Table E.1 - FILM-BADGE CALIBRATION

Time, sec

Dose, r 200 2 X 10' 2 x 104

0.05 0.00025
0.1 0.0005
0.2 0.001
0.5 0.0025 0.00025
1 0.005 0.0005

2 0.01 0.001
5 0.025 0.0025 0.00025

10 0.05 0.005 0.0005
20 0.! 0,01 0.001
50 0.25 0.025 0.0025

100 0.05 0.005
200 0.1 0.01
500 0.25 0.025
103 0.05
2 X 103 0.1
5 x 103 0.25

Dose rate (r/sec)
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Fig. E.1 -Cobah-60 gamma calibration system.
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Fig. E.2 -Du Pont film packet and EG&G film badge.
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I$ Fig. E.3-EG&G taping machine.

IOro

Fig EA DestoeIr
294'



30 1

20 20

z
'0e 

ý3ýý

0
0 10 20 30 40 50 60 70 8.0

RELATIVE LOG EXPOSURE

Fig. E.5-Effect of developmient timne on the shape of
the characteristic cu rve of a tý pical miediumi-speed
filmn. (Mees, Theory of the Photographic Process,
p. 261, The hMicnifllan Company, 1952.)
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Fig. E.6 -Comparison of white light and gamma radiation exposure densities.
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