ITR-1449

AEG Category: HEALTH AND SAFETY
PRELIMINARY REPORT Military Categories: 5-22, 5-60, and 5-70

OPERATION

PLUMBBOB

NEVADA TEST SITE
MAY-0CTOBER 1957

Project 30.2

RESPONSE OF DUAL-PURPOSE REINFORCED-
CONCRETE MASS SHELTER

Issuance Date: November 8, 1957

CIVIL EFFECTS TEST GROUP



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



This is a preliminary report based on all data
available at the close of this project’s participa-
tion in Operation PLUMBBOB. The contents of
this report are subject to change upon completion
of evaluation for the final report. This prelimi-
nary report will be superseded by the publication
of the final (WT) report. Conclusions and recom-
mendations drawn herein, if any, are therefore
tentative. The work is reported at this early time
to provide early test results to those concerned
with the effects of nuclear weapons and to pro-
vide for an interchange of information between
projects for the preparation of final reports.

DO NOT RETURN THIS DOCUMENT

AEC Technical Information Service Extension

Oak Ridge. Tennessee



Operation PLUMBBOB Preliminary Report

Project 30,2

RESPONSE OF DUAL-PURPOSE REINFCRCED-CQNCRETE MASS SHELTER

37

E. Cohen and E. Laing

Approved by: Hal J. Jennings Approved by: R. L. Corsbie
Director Director
Program 30 Civil Effects
Test Group

Ammann & Vihitney

September 1957

1-2






ABSTRACT

Project 30.2 was conducted to test a reinforced-concrete dual-
purpose underground parking garage and personnel shelter designed
for a long-duration incident pressure of 30 psi. The estimated peak
incident pressure at the structure was 42 psi.

To facilitate postshot analyses, soil borings were made to ob-
tain undisturbed samples for determining soil characteristics.

Preshot and postshot field surveys were made to detennine the
total lateral and vertical displacement of the structure.

Blast instrumentation consisted of Wiancko pressure gauges,
Carlson earth-pressure gauges, dynamic-pressure gauges, and a self-
recording pressure gauge. Structural response was recorded by Bal-
listics Research Laboratory gauges.

Radiation measurements were taken using film dosimeters, gamma-
radiation chemical dosimeters, and one gamma-rate telemetering unit.
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Chapter 1

INTRODUCTION

1.1 OBJECTIVES

The primary objective of Project 30.2 was to evaluate the capa-
bilities of a reinforced-concrete dual-purpose underground parking
garage and personnel shelter in providing protection against effects
of a nuclear detonation. Secondary objectives were: to obtain
additional information regarding blast load transmitted to underground
structures, information regarding reflected and dynamic pressures in
the ramp and on the entranceway door, data on nuclear-radiation
attenuation characteristics of the structure, and to check assumptions
used in design procedures.

Structure 30.2, a typical full-scale section of the prototype,
was the largest shelter tested in Operation Plumbbob and was located
at the predicted 35-psi peak overpressure level.

1.2 BACKGROUND

In the sunnier of 1956, the Federal Civil Defense Administration
contracted with Ammann & Whitney, Consulting Engineers, to prepare a
preliminary layout for a dual-purpose reinforced-concrete underground
parking garage and shelter and to design a structurally representative
portion of such a structure to be exposed to nuclear blast for test
purposes.

Studies were made of prototype architectural layouts and various
types of roof framing including (1) flat-slab system with drop panels,
(2) two-way slab systems with girders of various depths, and (3) hipped-
plate construction. After consulting with FCDA, the structure was
designed using a flat-slab roof system. Figure 1.1 shows the proto-
type layout of the flat-slab type construction.



The blast requirements of the prototype structure specified by
FCDA were to (1) resist the predicted effects of a 30-psi incident
shock produced by a megaton-range weapon and (2) provide a minimum of
4 ft 6 in. of concrete or 2 ft 6 in. of concrete plus 3 ft of earth for
protection against nuclear radiation.

To compensate for the relatively short duration of the test load-
ing compared to design loading, the test structure was located at the
predicted 35-psi level rather than the 30-psi design level. The peak
incident pressure measured during the test was 42.0 psi.

1.3 TEST STRUCTURE DESCRIPTION

The test section, shown in Fig. 1.2 was a below-grade flat-slab
structure with an interior floor area of 7569 sq ft (87 x 8? ft) and
nine interior columns 29 ft on center (Fig. 1.3). Access was by a
14-ft-wide wvehicular ramp along one side of the structure (Figs. 1.4
and 1.5)0 The roof slab was 3 ft below grade. Walls of the structure
were 12 in. thick, except for the exposed wall along the ramp which
was 4 ft 6 in. thick for radiation protection. The floor slab was 9 in
thick, and the roof slab, 30 in. thick with 14-in. drop panels 14 ft
square. The wvertical load was carried to the foundation by circular
concrete columns 33 and 36 in. in diameter. The footings were two-way
slabs 15 ft to 16 ft 9 in. square. However, the footing near the
entranceway was a two-column continuous member. Maximum thickness of
the square footings varied from 3 ft 11 in. to 4 ft 3 in. lhe entrance
way to the structure (Figs. 1.6, 1.7 and 1.8) was protected by a rein-
forced-concrete rolling door 29 ft long by 10 ft high by 4 ft 6 in.
thick, which was sealed around the perimeter by a 3-in.-wide inflatable
rubber gasket.

Operating equipment for the door was not included in this test,
and space for maintenance around the door was kept to a minimum.
Although the operation of the test door required more effort than was
anticipated in the design, this could have been greatly reduced by
minor field adjustments to improve the as-built tolerances, alignment,
smoothness, and lubrication of the door and frame.

A personnel escape exit had originally been included in the
design but was deleted because personnel exits either were included
in other projects or had been previously tested.

The structure was oriented with the center line of the ramp
radial to Ground Zero as shown in Fig. 1.9.
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Fig. 1.4-View of ramp looking up from end wall.
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Fig, 1.5-View of ramp looking down toward end wall.

Fig. 1.6-Exterior view of door in closed position,
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Fig. 1.7-Interior view of door partly open
during installation of instruments.
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STRUCT. 30.2

OUTSIDE OF FOOTING LINE

Fig. 1.9-Orientation of structure with respect to GZ



The design drawings for the test structure are included in
Appendix A.

1.4 THEORY

The shelter was designed for dynamic behavior using ultimate
strength theory and theoretical loadings consistent with a peak
incident shock of 30 psi of a megaton-range weapon.™5

The roof slab, columns, footings, and earth-covered walls of
the shelter were designed utilizing additional strain energy available
in the elasto-plastic and plastic ranges. The exposed shelter wall
and rolling door at the ramp were increased in thickness to provide
radiation protection. This additional thickness provided sufficient
strength so that only minimum reinforcement was required to produce
elastic behavior.

The roof slab was designed for a 30-psi long-duration load as a
flat slab using yield-line theory.-3 The earth-covered walls of the

shelter were designed for a 15-psi long-duration load as one-way panels

spanning vertically with the reinforcement continuous with the roof
slab. The wall loading for this test was not expected to be greater
than 20 per cent of the incident shock. The floor slab was designed
for conventional loading plus blast-load reaction of the walls. The
foundations were designed for a maximum bearing capacity of approxi-
mately 10 tsf.

Analysis of the consolidation and triaxial test data from un-
disturbed samples of soil removed from the 48-in.-diameter shafts at
the garage structure and the nearby test vault indicates that, within
the significant depth region, the soil possesses a natural prestress
of about 10 tsf. Table 2.1 contains selected values for the test
results. The high triaxial stresses and small strains at failure are
especially noted as a peculiar characteristic of this soil in its
natural state.

In view of the high prestress and state of over-consolidation,
the probable natural static in-place stress-strain relations, failure
strength, and shearing strength cannot be less than would be obtained
under a lateral stress, p,,, of 40 psi (2.88 tst). Theoretical studies
and correlations of load-settlement relations from plate bearing tests
and from full-scale footings with triaxial test stress-strain relations
obtained from undisturbed soil samples were performed by D. M. Burmister
of Columbia University. From these studies the estimated static
failure stress under a footing can be at least 2.5 times the comparable
laboratory triaxial failure stress. This results from the natural
confinement and restraint conditions afforded to lateral displacements
by the natural soil mass surrounding a footing, which cannot be dupli-
cated by a simple stress restraint of the lateral stress in a triaxial
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test. In addition, the confining and restraint influences of the
surrounding earth surcharge above the level of the base may increase
this value to 3»0 or more. Using triaxial data for a lateral stress
of 40 psi (2.88 tsft), the static failure stress on the center footing
may be 16 tstf x 2.5 = 40 tsf.

Footing sizes could have been substantially reduced because
dynamic soil strengths generally exceed static values. Foundation
motions relative to general soil motion under design loading were
expected to be less than 1 in.

The test structure was intended to be a typical section of an
actual garage-shelter structure, and the design assumed it could be
oriented in any direction with respect to GZ. Also, an actual garage-
shelter would have at least two vehicular ramps oriented in opposite
directions, as shown in Fig. 1.1, plus at least two emergency personnel
exits.

Because of the alternate means of entrance and exit and the many
possible critical orientations, it was decided to design the retaining
walls for a nominal loading equal to one-half the incident pressure
acting normal to the wall in either direction. The structure was
tested with ramp center line oriented on a radial line with GZ; this
was the most unfavorable orientation for the end wall and rolling door
at the garage entrance. Because of the unusually high predicted
dynamic load and nonideal nature of the incident shock wave, the load
on the ramp end wall of the test structure was expected to be many
times the peak incident pressure and to differ substantially from the
theoretical design values.

The end wall, and to a lesser extent the side walls within the
region of high reflected and stagnation pressure, was expected to
undergo large plastic deformations and fully utilize the restraint
afforded by passive resistance of the backfill.

The material strengths used for design of the dual-purpose
underground garage structure were as follows:

(@0 8 o) <7 7 SRS 4>000 psi (ultimate)
Reinforcing steel (intermediate grade) . .47,500 psi (yield)
Structural steel .........viiviiicinienenne . .38,000 psi (yield)

. 1,3 .
The above stresses were increased *° to account for rapid
strain rates.

Flexural and/or thrust capacities were determined using data
of reference 3, and shear capacity was computed using reference 1
and verified using recent laboratory data.

19
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Chapter 2

PROCEDURE

2.1 SOIL TESTS

Soil tests were made by the International Testing Corporation
under the direction of Holmes and Narver at the request of Ammann &
Whitney. Three 16-in.-diameter borings 40 ft deep and one 48-in.-
diameter shaft (Fig. 2.1) 40 ft deep were drilled at the site of
the shelter, and one 48-in.-diameter shaft was drilled at the site
of the nearby test vault. Project 30.4. The large-diameter shafts
were used to obtain undisturbed soil samples at various depths.

The following tests were made on the samples from the 48-in.
hole:

(1) Field density.

(2) Liquid and plastic limit.

(3) Sieve analysis.

(4) Unconfined compression tests.

(5) Consolidation tests to determine the natural vertical
state of stress.

(6) Triaxial tests.

The soils were unusual in character and possessed remarkable
properties, with a high state of high consolidation. As a result,
these conditions are directly reflected in unusual stress-strain
relations, failure stress conditions, and shearing strength of the
soil, as indicated in Table 2.1, showing selected values. The high
triaxial stress and relatively small strain at failure are noted.

Additional information is available as a result of the soil-
testing program of the Waterways Experiment Station, Vicksburg, Miss.,
as reported in Project 3.8 report (ITR-1427).



OUTSIDE OF FOOTING LINE

\

]4'—6” iv_en
16'>= TEST HOLES, 3
O _____ N\
W.P.
(CENTER
COLUMN)
<\

48"+ TEST HOLE- #11

PLAN VIEW

Fig. 2.1-Test holes for structure 30.2.
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Table 2.1— STRESS-STRAIN RELATIONS, FAILURE STRESS CONDITIONS, AND
SHEARING STRENGTH OF SOILS BY TRIAXIAL TESTS AT DEPTH OF 1? FEET
IN 48-IN. HOLE

Lateral stress (po) Triaxial failure stress Strain at Max. shearing

Psi Tsf Psi Tsf failure strength, tsf
20 1.44 154 0.06
140/147 10.6 0.04 5.3
40 2.88 217 0.02
238/228 16.4 0.06 8.2
50 3.6 276 19.8 0.07 9.9
61 4.1 197 14.2 0.08 7.1
80 5.8 303* 21.6 0.08 10.8

*No failure.
2.2 SURVEYS

To determine absolute and relative lateral and vertical displace-
ments of the structure during the blast, preshot and postshot high-order
field surveys of the horizontal and vertical coordinates of the struct-
ure were required. The survey points are shown in Fig. 2.2.

2.3 INSTRUMENTATION

Blast instrumentation was provided by Project 30.5 and is covered
in detail in the Project 30.5 report (ITR-1452). Blast instrumenta-
tion consisted of Wiancko pressure gauges, a self-recording pressure
gauge, Carlson earth-pressure gauges, and dynamic-pressure gauges.

Structural response was recorded by BRL deflection gauges.
Over-all vertical motion of the central column was referenced to a
4-in.-diameter steel pipe in an oversized casing anchored in a concrete
block 20 ft below the floor slab.

Instrumentation locations are shown in Fig. A.9.

Radiation measurements were made using film dosimeters, gamma-
radiation differential chemical dosimeters, and one gamma-rate
telemetering unit. These were supplied by Projects 39.1, 39.1a, and
39.9 and were located as shown in Fig. 2.3 and described below;

1. Points "a" through "y" inclusive have two film dosimeters

at each point located 3 ft and 5 ft above the floor.

2. Points "1" and "u", in addition to the two film dosimeters,

have one chemical dosimeter located 2 ft above the floor.
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Fig. 2.2- Survey points for structure 30.2.
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Fig. 2.3-Locations of dosimeters and neutron detectors
for structure 30.2.
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Point "z" is the telemetering unit.
Points 1 through 16 inclusive have one film dosimeter at
each point located as follows:

()
(b)

©
(d
(e)

Points 1 and 2 are on top of the concrete door bumper.
Point 3 is on the inside face of the door 4 ft 6 in.
above the top of the floor slab.

Points 4 and 5 are on the bottom of the door pit on
each side of the steel rail.

Point 6 is on the outside face of the door 4 ft 6 in.
above the top of the ramp slab.

Points 7 through 16 inclusive are on the garage and
ramp walls 5 ft above the top of the curb and sidewalk.



Chapter 3

RESULTS OF BLAST DAMAGE

The exposed wall of the garage withstood the blast with no damage.
The ramp wall at column line F had several large cracks between the
end wall and a point about 30 ft up the ramp (Fig. 3.1). The top
of the ramp side wall opposite the door entrance was pushed into the
earth about 1 ft at the end. The top edge of the ramp wall farther up
the ramp showed no apparent displacement. Although there was no
visible damage to the ramp slab, the slab, together with the ramp wall,
was separated by 1/2 in. to | in. from the main garage structure at
the expansion joint (Fig. 3.2). Gravel backfill was sucked through
the weepers onto the ramp (Fig. 3.3). More gravel was found opposite
the weepers at the mid-length and toward the top of the ramp than
opposite the weepers at the lower end.

The end wall of the ramp was the only areca badly damaged (Fig*.
3.4 and 3.5). The top 8 ft of the end wall was broken off as a single
unit on a nearly horizontal plane at the top of the splice of the
vertical steel. It tipped into the backfill and slipped over the
lower section until it wedged tightly between the garage wall and the
longitudinal wall of the ramp. It was torn loose on a diagonal
through the corner at its junction with the longitudinal retaining
wall. In its final position, the t op was displaced approximately
5 ft 6 in. into the earth backfill, which was pushed up and mounded.
It is estimated that it may have been displaced approximately 8 ft
before sliding back. The concrete cover had split off most of the
lower section, and the bars had separated at the splice apparently
without having developed their yield strength. Near the middle of
the panel where the concrete had not split, three bars failed in

tension and had fractured after necking down at the top of the splice
(Fig. 3.6).

The bars in the lower section were bent away from the displaced
concrete; the cover was deposited at the base (Fig. 3.7). The remain-
ing concrete behind the bars was reduced to rubble, varying in size
frcm 6 in. to 3 ft in diameter. Fractures, including the one at the
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Fig. 3.1-Cracks in ramp side wall opposite door.
View from interior of garage through door opening
(postshot).
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Fig. 3.2-Open joint between ramp slab and wall
of main garage structure (postshot).
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Fig. 3.3-Gravel backfill at weepers (postshot).

Fig. 3.4-View of ramp looking toward damaged end wall (postshot).
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Fig. 3.7-Detail of lower portion of wall (postshot).
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bottcan of the top section of the damaged end wadi revealed no breaks
through the aggregate. The concrete had also separated on the plane
of the rear-face reinforcement.

The end corner of the 1 ft 3 in. parapet wall at the lower end
of the ramp was cracked as shown in Fig. 3.5.

The door withstood the blast without any evidence of shifting or
disalignment. Locking bolts in the door were intact and freely
retractable (Fig. 3.8). The 1/4-in. cover plate angle at the exposed
top edge of the door frame was separated frcm the concrete at several
locations. The 12-in. steel guide plate on the 4.5“ft wall was not
made continuous as intended and was torn back by the door during the
postshot opening (Fig. 3.9). The door wheels were not damaged, and
the track was not displaced (Fig. 3.10). The door and end pilaster
were partially blackened by the termal radiation.

The pneumatic gasket around the door frame was blown in and torn
apart by the blast pressure (Fig. 3.H). The gasket had a slow leak
prior to the shot, and a compressed-air cylinder was installed outside
in the doorway recess to maintain the air pressure. The cylinder and
air hose were sandbagged and were not damaged by the blast. No inform-
ation is available regarding the condition of the gasket at shot time.

All dosimeters in the ramp fastened with a single wire and two
ramset bolts were dislodged. Of two dosimeters fastened with two
1-in. light-gauge steel straps and four expansion bolts, one damaged
dosimeter remained on the outside face of the door.

The two BRL deflection gauges on the ramp were intact, but the
drum wires were snapped.

Pressure gauges and Q gauges in the ramp and at column line A
were all intact.

No damage to the garage interior was observed. Lateral movement
of the isolated columns was indicated by a small amount of concrete
spalling and cracking of the floor slab around the perimeter of the
column. The cracking occurred at the blast side of the columns, and
the spalling occurred at the leeward side.

All pressure gauges on the roof and walls were intact, and all
interior deflection gauges were in good condition.

There was no obvious soil settlement in the vicinity of the
garage. However, surface soil cracks up to 2 1/2 in. wide were opened
around the projected perimeter of the roof slab of the structure.
Another surface crack was opened parallel to the ramp wall at column
line E (Fig. 1.2) about 6 ft from the outside face of the parapet wall,
extending from a position about 30 ft from the top of the ramp to the
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Fig. 3.8-View of door showing locking bolts (postshot).

ill

Fig. 3.9- Torn guide plate before removal
to allow opening of door (postshot).
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Pig. 3.10-Wheel assembly and rails, door partly open (postshot).



Fig. 3.11-Damaged gasket at lower corner
of door opening (postshot).
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crack along column line 5. A similar crack was observed about 6 ft
away from the ramp wall at column line F extending as far as column
line 3 along the approximate line of excavation.
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Chapter 4

DISCUSSION OF BUST DAMAGE

The only substantial damage noted in connection with this pro-
ject was to the retaining walls at the end of the ramp where damage
was expected (see Sec. 1.4). The loading on this wall was about
6 to 7 times the nominal design pressure, and a very low or negative
surcharge could be expected on the backfill behind the wall because
of high turbulence. The turbulence and diffraction patterns in this
region are not well defined. Measurements made for this project indi-
cate additional shock-tube and wind-tunnel data may be desirable.

There is evidence that the upper several feet of backfill behind
the wall was not compacted in accordance with the specifications at
the time of detonation because of excavation and backfill for an in-
strumentation trench after original backfilling had been completed.
Such a condition would mean that a greater deflection would be re-
quired before developing the maximum passive resistance of the soil.

Although the damage to the end wall is not important in connection
with this project, the mode of failure is technically interesting and
important.

Because of its orientation and high pressure loading, the wall
was expected to deflect into the backfill by yielding of the reinforce-
ment, but the concrete and reinforcement were expected to remain banded
together, although the concrete would be badly cracked. The complete
separation of the top half of the end wall from the bottcan, disintegra-
tion of the bottom portion into loose rubble, separations along the
planes of the reinforcement, and failure of the splices without yield-
ing of the steel can be attributed to the poor adhesive quality of the
concrete in place. However, the mode of failure also may have been
influenced by the rapid blast loading and the probability that the
strength of normal splices under such load may be much lower than
under static loading. Laboratory data to verify splice efficiencies
under dynamic loading would be highly desirable. The ductility of
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the wall would be greatly increased by raising the splice point, weld-
ing the splices, or using full-length bars thus eliminating the splice.

Had the ramp been of a symmetrical through type without an end
wall, high door pressures would have been avoided. However, a through
type ramp, although desirable to minimize blast effects, is often
not economical or practical. Damage would have been considerably
less if the backfill had been compacted to specifications.

The side wall toward the top of the ramp was subjected to a
less severe face load in combination with a positive surcharge load
and consequently was not noticeably damaged. Although the ramp side
wall opposite the garage door was loaded by the backup of reflected
pressures, the dynamic pressure effect was less pronounced. There-
fore, the ramp side wall was only moderately cracked, although it
appears that there may have been some bond failure in the cracked
area.

The exposed wall of the garage and the concrete door were more
than adequate for the blast effects experienced because of the thick-
ness required for radiation protection. No damage was evident.

Because the as-built clearances between the door and frame were
as high as 13/16 in., more than three times that shown on the plans,
the pneumatic seal would have been ineffective even in good working
condition. To prevent excessive infiltration of the blast pressures,
clearances at the base were reduced prior to the shot by 3 x 3 x 3/8
angles; one leg was inserted vertically into the opening and the
other bolted to the frame. Although it is not known if the compressed-
air cylinder placed prior to the test was adequate to maintain pressure
in the gasket up to shot time, the blast pressures entered the joint
and forced the gasket toward the interior of the shelter, stripping
and tearing it along its entire length.

All film-badge dosimeters in the ramp attached to the walls ty
means of one-way wiring to two ramset studs were blown away. The
one surviving dosimeter on the concrete door was bolted to four
threaded ramset studs by two 1-in.-wide light-gauge metal strips.
This method of attaching was adequate for the garage test structure.
The dosimeter with the heavier fastening attached to the damaged end
wall was lost.

The absence of cracks on the roof slab and walls indicates that
the structure was capable of resisting the blast load without addi-
tional energy available in the plastic range. Because the 12-in.
garage walls were designed to resist a blast pressure of 15 psi and
the loading was probably much less, it is reasonable that the walls
were not damaged.
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The column deflections were small in magnitude. This was expected
because the soil bearing stress used for design (10 tsf) was only
1/3 to 1/4 of the static ultimate bearing capacity indicated by the
postdesign soils-test data.

This discussion is based on visual observations and may be re-

vised when evaluated pressure and deflection vs. time records become
available.
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Chapter 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

1. The test structure would have provided adequate protection
from the effects of the test weapon at the test GZ distance.
Preliminary reports indicate that the structure provided a gamma
attenuation of between 40,000 to 70,000 and calculations indicate that
the neutron dose inside the shelter would be much too low to measure.
The rise in pressure on the interior did not exceed 1.0 psi, despite
failure of the door-sealing gasket.

2. The flat-slab roof and supporting structure are more than
adequate to resist the 42 psi peak incident test loading. When the
air and earth pressure-time records and results of material tests are
available, a more detailed analysis will be made to determine the
safe peak incident pressure for a megaton type loading. It should be
greater than the long-duration peak incident pressure of 30 psi.

3. The shear stresses used for design were substantially in
excess of values recommended by other sources and were conservative.
They will be reviewed in light of recent laboratory tests when the
actual concrete strength at test time has been determined from com-
pression tests on cores taken from the region of critical shear or
diagonal tension.

4. The door survived without damage.
5. The pneumatic seal around the door frame was unsatisfactory.

6. High pressures that acted on the end retaining wall were the
result of the particular orientation of the structure relative to GZ
and the site conditions. Even under these severe circumstances, the
damage that occurred did not impair the usefulness of the ramp for
vehicular use during the immediate postshot period. In addition, an



actual shelter-garage structure would have alternate vehicular and
personnel entrances and exits. For this reason, the design strength
of the retaining walls need not be increased. However, the brittle
type failure is undesirable, and the problem should be studied further
in an effort to modify the details to produce a more ductile retaining-
wall structure.

With the given orientation, the high pressures and damage ex-
perienced by the end wall can be avoided by use of a through type
ramp where such a layout is not prohibited by other factors.

5.2 RECOMMENDATIONS

1. The pneumatic seal should be replaced with a rigid mechanical-
ly operated seal adequate to resist the maximum peak pressures in the
region of the door.

2. Additional study should be given to the mechanical equipment,
space, maintenance, and operating requirements in actual garage shel-

ters for vehicular doors of the type proof tested.

3. Further laboratory tests and studies in connection with the
reflected pressures and air flow in the ramp are desirable.
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FOUNDATION PLAN
SCALE:j *IO"

Ties .
Vertical Reinf See Schedule

Expansion joints

See Schedule

3"Cover ofH each way
Typical

TYPICAL COLUMN FOOTING DETAIL
NTS

z

£

COLUMN a COLUMN FOOTING SCHEDULE

MARK 3c 2B,2D,4B,4D 2C,3B3D.4C
Size 36 ¢ 334 36%
Core 33 ¢ 304 336
Vertical Reinf 20 #9 16 *9 12*%9
Spiral #50© 3" *503" *503"
Dowels 20%9 16 *9 12 *9
a 16-9" 150" 16- 0"
b 8-3" 7-10¢
. 2rom Pt
d 2 210
Reinf each way 44 #11 41 *11

Notes;

7 Spirals to be held firmly in place and true to tine
by a minimum of four vertical spacers.
2. /=~ extra turns of spiral rod at each end of spiral
to be provided for anchorage
3. Spirals to extend from top of footing to a plane at
which the dia. of the capita! is twice that of the column
4. Column reinforcing to extend from top of footing to top
reinforcing in roof slab.
5. For column footing 2B only, distribute 36*11
reinforcing bars each way except cs follows:
Middle strip(b *7-2J-ZZ *1/
Outside strip(7'-/o"jm )4 *!1

Fig. A.l-

Foundation plan.
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COMBINED FOOTING

SCALE - 5*1-0

GENERAL NOTES

Material:

L Structural steel, (inchidtrg welds and bolts), shall conform to A.STM.
specifications designation A/-53T and to Federal specifications
00-S-74la.

2. AH concrete shall have a minimum compressive strength of 4, 000
pounds per square inch at 28 days.

3 AH reinforcing steel shall be intermediate grade. Deformation shall
be in accordance with A.S. TM. specification designation A305-53 T
and with Federal specification 00-B-7!a(3).

Miscellaneous
/ Waterproof as required.
2. AHreinforcing lops and splices to be a minimun of 30 diameters
except as noted.
3. Minimum cover for reinforcement is to be 2"except as noted.
4 For alternate structure, omit all construction between match lines
sand 2. AH other details remain unchanged.
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Goplka UNDERGROUND-TEST SECTION
FOUNDATION PLAN
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89-0"

in open position

8"fi VCP Bell s 1
Spigot Drain to /
existing drainage

FLOOR PLAN
SCALE:-jf*I'-0"

Casket Assembly
(See Sheet 7).

~Bar 1" 4"<5>12 ‘0.
29-0'

- W Concrete Anchor.
18 "long welded to 'tt (L
2"0"ox.

12765(Cut 2"j holes
inweb ['-6"0.c.)

Make  first pour of slab to this line. Set IV and

66-00WWF 1op 5 bot. rail to correct elevation and grade. Pour remainder

Typ for 9' Slab
SECTION A-A
Match Line No. /

Groove, Run half of reinforcement (top s bot,)
through control joint.

Provide Control Joints along all
column £s. (9slab section only).
Match Line No. 2

-Construction Joint

TYPICAL CONTROL JOINT DETAIL
SCALE: 1i

For Bumper details
see sheet 6

2-G" Sidewalk Expansion joint

12"Curb

40’-0
160'- s

Fig. A.2-Floor plan. sections, and detail.
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NOTE:

t Removable pit cover to be in two sections II'-11" long. Provide 4'-2"
diameter holes in each section for lifting purposes. Holes to be located

2"-on from ends in long direction.

2. Reinforcing not shown, see sheets 18 6.

1"Sealer
Sealer (Hotpoured type)
. % Premolded Joint Filler——

SLAB

TYPICAL EXPANSION JOINT DETAILS
SCALE(IT'-O""
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Tk ar PARKING GARAGE SHELTER
crm: UNDERGROUND-TEST SECTION

"T/rjyrifirr- FLOOR PLAN, SECTIONS 8 DETAILS

AP-WOVID
AIPWOVTD: AS NOTED | —

DRAWMO NUMBER
2>/HECTXPH £/UG}/VEL/?/va O r/CE£
DATE: S SHEET 2 OF 11
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(>

(5>-

®°°V

o

! v 28-"10TB
1 14-%95 | —
il Ns o,
1
i
15-*9TB
‘P()- neS
L 28- - pTB——

4ivV

A

30-0'

32-0'

14-*98 [

/
v

5-0- .

Expansion Joint

ROOF PLAN

9'curb S

Top of curb 3 sidewalk

40-0'

SECTION A-A

- Match Line Mo./

V' —Match Line No.2

NOTES

I. Rein/. w..t.in.roof slab symmetrical about column
lines (1 1 ©.

2. Reinforcement similar in both directions.

3. See sheets 4 S 6 for reinforcement details.

4. B" - Denotes bent bar.
'S" - Denotes  straight bars.
7#"- Denotes top bars.

20-0'

. Top of roodway

207C

40'-0"

to’-0’"

Fig A.3-Roof plan and sections.
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SECTION

B-B

SECTION C-C
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tmAWW my
Td i PARKING GARAGE SHELTER
UNDERGROUND-TEST SECTION
ROOF PLAN 8 SECTIONS
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-ZV N Cn&ir ~4*8b -30
APTROVKOI ccy/s-r-c T
crgrQ .opt- DRAWMO NUMBER
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Typreo/ for wolla ofony
&>///n*a 4./<5
SBr twol/ ofonp Col. /in» £

«</Top
*71%6 Qot

6“6’ Haunch

d/a t spacing as

66 "Haunch

6 GrauW/ FH/
3'Co*or

EXTERIOR WALL DETAIL
TYPICAL AT COL.LINES A,I,85

REINFORCEMENT FOR COLUMN STRIP
TYPICAL EXCEPT AS NOTED

'7f %6 Bot.

htle/e/lo Strip

REINFORCEMENT FOR MIDDLE ft END STRIPS
TYPICAL EXCEPT AS NOTED

DETAIL AT WALL CORNER
TYPICAL AT A-18 A-S

Fig, A.4-Typical roof slab and wall
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aymmotrico/ about (.

*/0 Top
AMMANN & WHITNEY FEDERAL CIVIL
ill1-STH AVENUE. NEW YORK. N. Y. DEFENSE ADMINISTRATION
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e~ UNDERGROUND-TEST SECTION
TYPICAL ROOF SLABSWALL DETAILS
APPROVED; “CAL" VrfV-ol MO
ZMJeSCTO/R &/vb/dE£%5/h/<S Oi>CE DRAWING NUMBER
DATE: T--T-S~> *MEET 4 OF 11
Reev'd Vi/sv "'Yb i-effe* Vsl hjyj
details.



so- 0% 20°a 20"0'

#3 > /g- US 4 S

to & iz'us 4 rs
a

*99) 1gV3 #Q & 2~Q5

/Eg"-fll.

‘sd)IZ
-4 a 121> 4 7%

ELEVATION OF RAMP AT COLUMN LINE F

#Oa)/ - 7/JBfbn'l4| 09N2'fbne] A dfif.
* 9 UtZ'Tft ‘hsne! B\ 09*>/rfbne] « -'-.
caone'tone C i

#<Ta> /2

1040
See Pane! A

/1-0-

SECTION D-D
CALEf

PANELS A, B, AC

*4 a) 12—tone/ E
*& d> tZ’Pone/ F

See Section 7-7)
14'0Q ‘Pone! E j It-9’ tone! r
'G Tj 6 Fane! tv t* Tf0 *»e/ F

ELEVATION OF RAMP AT COLUMN LINE | SECTION C-C
SCALE:-jJ”-I'-O" SCALE :-f-r-0"

SCALE: jJ.1'-O*

Vertical- Pane! F'

7 1Z tone/L
ei /2" Pane/ F

go - o*

SECTION B-B

Stondorc/ open
grating Sump Cover

SUMP PIT DETAIL
SCALE:-£ n I'-0%

Fig. A.5-Ramp elevations and sections.

51

NOTE:
Elevivation of Ramp at column lino E
similar fa Panels D, E, F (opposite hand).

W% Elevation

CORNER DETAIL
SCALE i-j'-1'-O"

NOTE.

For alignment of romp see sheet 3
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PARKING GARAGE SHELTER
UNDERGROUND-TEST SECTION
RAMP ELEVATIONS S SECTIONS
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AS NOTED |
DKAWMO NUMBER
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2>Q'b-SITS

S*« Bumper Dmto/fo
tolling door rCl/osedposition) -12"*12~Timber

-Gaa/Cmt assembly cont. a//around (see sheet 7)

cont around door

-£5*3"> bYSTTLo)

Expansion «Joint

PLAN OF WALL AT COLUMN LINE E

State ELEVATION OF ROLLING DOOR

s<-p_Detail or for beam
inf. and stirrups.

Ground L/ns
-Top oD R.00P 5lob

P-bottom of RooPS/ab

Hard

-Top ofFloor Shb
b'Go/t with tfsx.
—YConcrete anchors
i Jlp welded to 6E<32

f-Top of Pit Slob

1@<2>'SLS < *S@&F.S.

ELEVATION OF WALL AT COLUMN LINE E
SECTION D-D

SCALE- Ir-o" ELEVATION
. ) BUMPER. DETAIL
Ground Line SCALE- mE»r-0’
Some dio. tspacing SFN Roof Oeinf
Same cho fspac- —See Roof Be/nf
ing as bottom
concrete Spaced
,5-0°0.C.
-Iptfe tk to be ottoch
T henber boasin
AMMANN ft WHITNEY FEDERAL CIVIL*
111811 Avszuk. nkw vvike ~. v, DEFENSE  ADMINISTRATION
PARKING GARAGE SHELTER
UNDERGROUND-TEST SECTION
BTop $ bot. SN
e w3 Top fibof, S SECTIONS A DETAILS-COLUMN LINE E
ApOVKD A
Foarad
AFPHOVKDi e AQ NOTED | "¢ o"
A iyv&att fSstUrnfb.a YiSir DHAWINO NUMBER
SECTION A-A SECTION B-B SECTION C-C PTALL fl
" " SCALE-J"* 1'-0" DAT*: X--7-*T SHEET 6 OF 1
SCALE-i"- r-0 SCALE* M I-0" Read tys? rith lef/tr Of V./s? /c£2

SCALE* | ** I'-O'

Fig. A.6-Colu»n 11M E, sections and detail.
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290"

Punch 2'-0" diam. holes 4'-0"o.c. in fop it
for concrete pouring. v

Jk'" 4 Bor embedded in
concrete, (3 required).

Recess /'-0"x9

"x 6" deep,
(3 required).

FRONT

ELEVATIONS OF

SCALE; nt.I-C*

DOOR

Face of ramp wall. Door opening<

NOTE

AH steel contact surfaces of door

& pit to be greased.

/- *H Reinf. bar with IBOo
bend, for block s tackle,
2req'd, / each side of dooc>-

openmg).

-/ 3x3 (See sheet 7)

Sidewalk

FRONT

Top of sidewalk

Top of ramp floor

Fig. A.7a-Rolling-door
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SECTION A-A (TYPICAL)

/x' Stiffener ft 24"cc,
centered between 12"xI2"
stiffener t, (fyp for bottom
of door,) Use 24"deep £ |
at ends of door.

SECTION

details.

Cone, face to face

4~ Stiffener it 48"cc,
centered between 12"x12'
stiffener it

~ Stiffener £ 24"cc,
~(typ. for bottom and end of door).

AMMANN

8¢ WHITNEY

FEDERAL CIVIL
DEFENSE ADMINISTRATION

PARKING GARAGE SHELTER
UNDERGROUND-TEST SECTION
ROLLING DOOR DETAILS

AS NOTED T

7 or 11



Bottom of door

Zll [ P

SIDE ELEVATION

Grind inside flonge of
\tees toremove sharp edges™

A

Seonfi)

Inai&* foe™ of
cfoor opening

| beoprene base

3'wide (fiat dia)un/ined rubber
+hose gostet 'm'thick, f/at when

dosed position.

Fif” Anchor bolts 2-0'0C
weld to 3~%3~2.

GASKET ASSEMBLY
FULL SCALE

| “Si'Anchor bolts 2-0"Lp.f4Qeof'cfCo. Sidej

if'* I'Dio cover
attached with

?— &'Bolts,

i'sg '17deep
wedge welded to cover-

1o fit hot* in ox/fi
Lubrication fitting

Mote AH welds on wheel
assembly

WHEEL ASSEMBLY
SCALE' 3*

«flexible rubber hose SCTip.

.hose gasbet. Tire vo/ve
cop atotherend.

Al

R

continuous shop welds

R 1~ 1HI

/2WN6S -

HALF SECTION

DETAILS

o

Cut %'thole through it
wi'thole through hose poster

2'pipe welded to
end fSeeelevation, this sheet
for location of pipe.)

S g odp. fro be flush with
when threaded into pipe.)

INLET DETAIL
HALF SCALE

Fig. A.7b-Rolllng-door details.
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Hfbar Anchor strops /-0

wtt car — bo'tc®, =/ ey

£~ccentr/c filler It S-O'0.C.

Inside edge door opening

GASKET CORNER DETAIL

SCALE' 3" « I'-O"

'OC continuous
Prr.ms..r ef VbbrfTyn)

A? for /oefing hors

Y 2"*pipe for (posbet air inlet
pa

~Top aframp floor

V4

PARTIAL ELEVATION OF WALL
AT DOOR OPENING
SCALE' +i"* I'-O*

fa'Plug—

LOCKING DETAIL
SCALE'{"- I'-O"
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susMjaft ROLLING DOOR-DETAILS
APPROVED
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iKs&fbis r=ice=o*=viivt 20
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DRAWING NUMBER
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Step 3

Step 6™

uStep 6 -Step 3

SECTION A-A

Step /

Step 7

Step /

SECTION

007 oe STotr

PLAN OF WALL AT COLUMN LINE E

Fig. A.8-Erection procedure at column line E.
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~

Recomended Erection Procedure at Column Line E

Pour 2'-6" pit stab,combined footing and floor stab. Roof stab and
4'-6" watt may be poured to the extent indicated. (Sections A)

2. Place door assembly (plates, wheel assembly, etc., on rail) in trench
at door opening. Support bottom of door with a sufficient number
of blocks and/or jacks to prevent bending of the bottom plate
due to the load of the wet concrete.

3. Pour sections B above the door opening along with the pilasters
on each side of the door opening.

4 Place reinforcement and forms for doori brace securely and pour
concrete. (Section C)

5. After concrete in door has attained sufficient strength, remove blocks

and jacks, and roll door to open position.

6. Pour sections D at the door opening.

7 Roll door to closed position and complete pouring of 4'-&" watt and
roof slab adjacent to pilaster. (Section E)

AMMANN & WHITNEY FEDERAL CIVIL
CONSULTING ENGINEERS

1I-BTH AVENUE, NEW YORK. N. Y. DEFENSE ADMINISTRATION

PARKING GARAGE SHELTER

UNDERGROUND-TEST SECTION
RECOMENDED
ERECTION PROCEDURE AT COL. LINE E
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4°ID.Condult3 f-1"/g. (SGHIU) Loca,
bottom of roof 3lab Cap at oxtortor.

ID Condu/ta I-Cilg._#3 Qocr'd] Locoto £'-O'botow
- /"-O'ty/ow

o —_———
s N
I I J.
NOTE
Conduits for Attornot* Structure Roof Plan
Similar to Poof Plan conduits
ROOF PLAN — ALTERNATE
NOTES
/ BPL *ploc* a// instrument cablea, (not conduitsj install
a// gages, and provide a// ditching recfuired for same
2 Earth pressure gages (Carlson Typo) must be calibrated
byBP! prior to bocKf/Uing.

3 Dynamic Pressure gages 1)
4 Wiancto Type Pressure gages P

ROOF PLAN 4 Car/son Type Pressure gages. P
6 Ind Type Deflecti &

ELEVATION ALONG COLUMN LINE o _— ALTERNATE 7 BPL Deflection gages

6 Conduits with bends 1o be equipped with pull wire.
9 Jlconduits to be lfnlO except as noted
0

Conduit for Pe is to be toten down fhrough

column and bent out d'-O’above floor /evel.

// Gage DI is to be referenced to the steef plfe m the
floor s/ob below Pq /See Sheet *11)

& (Tie tn pt for OH) A(Tie in pi for D/?J /2 See Sheets ft t/Bf for btount details.

o AMMANN & WHITNEY FEDERAL CIVIL
O aiw.dim.

1 11-®TH AVENUE. NEW YORK. N. Y. (DPEFENSE ADMINISTRATION
PARKING GARAGE SHELTER

UNDERGROUND-TEST SECTION
INSTRUMENTATION

-/ Conduit each gogo

T |
o0 ORAWMO NUMBI

b*, Edec&md* oA*vee
RAMP ELEVATION ELEVATION ALONG COLUMN LINE 5 ~ AUl

sueet 1Q orll
rdBf. Steitt, 1t/ l/t/s7

Feb 1J.1957

JSig. A.9-Instrumentation,
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14" t.D. conduit

BPL Displacement Gage

1'/1.D. Conduit-Won T-'¢'
into mside of garage-

Dta - 4 holes for
"/Dio J-bo/ts

4 Holes for -~ Dia J - bolts

Weld on joints
BPL Displacement Gage

Gage flush with shield

“4-u Dia. J-bolts—/-*
/=0"la. imbedded

anchoring BPL
Displacement Gage

BRI1 DISPLACEMENT GAGE SHIELD FOR POSITION

SCALE 3« I*

Brass plug to fit flush

Outside surface
of concrete

ix " Rehef

>k

?2Y00-2.438 ID.

'is"’45° Chamfer-

Do not chamfer bottom of plug

SECTION A-A

WtANCKO GAGE MOUNT

FULL SCALE

Concrete romp
~~4- g"Dio J-botts [-3"1g

imbedded in concrete floor
A- . for anchoring shield

Di

c

—tb" LD. Conduit
into inside of garage

CARLSON (EARTH PRESSURE) PAGE MOUNT

HALE SCALE

4 Holes for void. J-bolts

BRL Displacement Gage —

BPL Displacement Cage

4-1 Dia J-bolts r-0'vj 4\

Sfloor for anchoring
BPL. Displacement Gage

BWL DISPLACEMENT GAGE SHIELD FOR

SCALE V-1

Pipe Sleeve 5"ID

Steel Pile 4'e" Q0.

Bay C-D-3-4.
Boy B-D-3 (Alternate Structure!

REFERENCE PILE FOR DEFLECTION GAGE D,

SCALE' IIS--1,-0*

Fig. A.IOa-Instrumentation mounts and details.
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‘il 1Q Conduit in floor

"-4-'e"Dia J-bolts | -3"lg
imbedded in concrete floor
for anchoring shield

POSITION Pr

NOTES'

I. Tie-in points on ramp walls {'or Gages 0* B Oir to be 3g 4
bolts anchored into " the wall with one inch of thread
emending out from the concrete.
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Weld to devetope
strength of member

Bevel corners of side plate
+45°€ approximately -V'.

2nStiffener fi

2"ID. Conduit with putt

PLAN

Q-GAOE MOUNT DETAIL
HALF SCALE

£ Gage Mount-

Concrete Ramp-

Columns C-3,C-4, D-3,D-4
(B-3,B-4,D-3,D-4 Alternate Structure)

18 J-Botts - Three
sets of 4 placed
on right-han.

side of
Floor slab

AMMANN & WHITNEY FEDERAL CIVIL
CONSULTING ENGINEERS

111-8H AVENUE. NEW YORK. N. Y. DEFENSE ADMINISTRATION

PARKING GARAGE SHELTER
UNDERGROUND-TEST SECTION
INSTRUMENTATION MOUNTS S DETAILS
~3HfIMEH BB
ELEVATION DEFLECTION GAGE MOUNTS FOR GAGES D2 thru DI4 a£Ei7i/t£Afa4 Vg g

SCALE r* r-O’

Concrete ramp reinf.

through tower base

AS NOTED
DRAWMO NI

ﬂllQlﬂfél[.hwc OFFICE
FKDA
FeeSet. B.C.g-  S7w,-H, 177 Vri/s7/<A

TOWER @ BASE OF Q-6AG6E MOUNT AT POSITION Q, IIA or 11

SCALE: r«r-o"

Fig. A.lOb-Instrmnantation mounts and details.
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