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ABSTRACT

The objective of Preteet 30.7 was to investigate the predicied behavior of German under-
ground personnel shelters, equipment, and cettain instrumentation. Data obtained well be used
for evaluation and improvement of present design criterta.

Nine reinforced-concrete undergrournd shelters, designed uy German eaginee, s, were
tested at the 170-, 155-, 110-, 78-, 36-, 11.5-, and 7.2-pel overpressure ranges as determined
from average blast-line instrumentation measurements.

Reinforcing steel, doors, and ventilation equipment were received from West Germany and
were incorporated in the shelters.

Preshot and postshot precise location surveys were made to determine the total lateray
and vertical motions of the structure as a result of the blast.

Blast instrumentation used ia the sheiters and entranceways consisted of U. §. Wiancko
pressure gauges,'Cnlson earth-pressure gauges, Ballistic Research Laboratories (BRL
self -recording pressure gauges, and dynamic pressure gauges. Free-field measurements
were recorded along the blast line using U. S. self-recording and electronic pressure gauges
and German sel{-recording pressure gauges. Structural response was recorded by BRL d¢ -
flection and acceleration gauges, SR-4 strain gauges, and Waterways Exper.ment STation
scratch gauges.

Radiation measurements were taken using U. §. gamma -radiation [ilm dusimete.s,
gamma -radiation chemical dosimeters, neutrun detectors, telemetering gamma dosime -
ters, and German gamma chemical dosimeters.

Mice ware used as biclogical specimens in enviroamental tests in seven of the muw struc
tures tested. In addition to the environmental tests, a series of tests was performed 1.1 the
nine structures to check [or the pussible occurrence of dust tn the shelters 28 a consequence
of nuclear explosions.

Ground shock spectra were recorded under Project 19 for tr- ‘leld conditions and for the
interior of a sheiter.

An experiment was inc luded ta investigate tac transmission of ground shork acceieratinon
te a simulated body. This test recorded the shock -absorbing characteristics ol a commercial
product (Ensoclite) manufactured by the United States Rubber Company







PREFACE

The policy of the U. §. Government of furnushing the guvernments of [riendly nations with
un:lassified information on nuclear effects, through NATO and elsewhere, has led to the par-
ticipation of the West German Goveranment, acling through their U. 8. representatives, in the
1957 Nevada contlinenta! test series, Operation Plumbbob, at the Ncvada Test Site. The tavita-
tion to participate in the test was extended by the Federal Civil Defense Administration (FCDA)
in response 1o a request {rom the West German Government. Their participation was corre-
lated by, and under the sponsorship of, FCDA.

Test information will be made available to the West German Government in accordance
with the procedures and limitations imposed by the security regulations of the United States
Atomic Energy Commission (USAEC). It was expecied that the information ohtatned would be
of interest and value also to the FCDA and other agencies of the U. 3. Government.

The West German Government engaged the firm of Ammann & Whitney, Cosulting Engi-
neers, a: their agent to pursue the outlined program to its completion here in the United States.
The servicvs of Ammann & Whitney included developing the contract drawings and maintairing
iiaison with FCDA, including {inancial arrangement, allocating and arranging [of equipment to
measure blasi ,.vssure, radiation and structural response, recetving the cquipment from Ger-
many and arranging for its shipment to the Test Site, providing lield supervision during con-
struction, and inspecting . nd reporting the test results 1n accordance with USAEC and FCDA
requirements.

Edward Coher, senior author, was tn charge of the work for Ammann & Whitney and
served as Project Officer. Anton Bottenholer scrved as Assistant Project Officer.

The structures of Project 3J0.7, which consisted of aine German shelters, were tested tin
the Smoky shot of Operation Plumbbob at $:30 a.m. on the morning of Aug. 3, 1957, The de-
vice used was a 43-kt nuclear device mounted ¢1 a T00-ft steel tower. The test was lecated
in area TIC of Yucca Flats at the Nevada Test Site.
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Chopter |
INTRODUCTION

1.1 OBJECTIVE

The main cbjective of this test was to obscrve the brhavior under blast conditions of pro-
tective structures of German design built with German materials (0 determine the relative ef-
ficiency of different types of construction and to obtain informition for the improvement of
these siructures and the development of design criteria for future protective structures.

Data on strains, deflections and deformations, pressures, soil displacements, and radio-
activity were oltained from German instrumentation and {rom extensive supplemental instru-
mentation provided by U. 8. agencies. Physical characteristics and structural behavior were
determined by observation and inspection.

1.2 GENERAL INFORMATION

1.2.1 Scope

This project included three types of underground cast-in-place concrete personnel shel-
ters: (1) type A rectangular shelter, designed for an overpressure of 132 psi; (2) type A ¢y~
lindrical shelter, designed for 132 psi, and (3) type C rectangular shelter, desigred for 14,7
pst.

Nine structures were buill, four type A rectangular shellers, wo type A circulas shelters,
and three tywe C rectangular shellers.

The archuteciural drawings of the sheliers are shown in Figs. 1.1 o 1.3

1.3.2 lLovation

The shejlers were construried o the Ipliowing predicted pral averpresayrs levela
I lype A reclavgular idesigneled WRal 25406 poi.

1 %3:*,:@ A rf:;'t;;::{'aiér @csxgn'.ued R_M»H} 1958 psi

Diype A circular (designated CAad i

I type A rectangular {designated RAC) 132.3 ps:.

L type A circular (designated CAb) { )

1 type A rectangular {(designated RAd)  $8.2 pa:,

1 type C rectangular (designated RCa’  29.4 psi.

! type € rectangular ‘designated RCE) 147 pai.

t irpe € rectangular tdesignated RCc) T.4 pai.

Sce Fig. 1.4 for mazimum recorded overpressutes.,

1.2.2 Oricxtation

The cntrances of ke structure were oriented as shown in ¥Fig. L4 This oriemtation plared
the dircction of the catrance statrs radial fo Groged Zere GZ). R wad cxpected tAat this orien-
tatiol would provide munimum reflested presagres on the main blast door.




1.3 DESCRIPTION OF SYRUCTURES

1.3.1 Type A Rectangular

The type A rectangular shelter is designed for 25 persons. The general over-all dimen-
sions are 13 f1 9 in. wide by 35 ft Sin. long by 11 ft 5% in. high. The shelter consists of the
entrance stairs and ramp, a vestibule, the main shelter body, an exit chamber, an emergency-
exit tunnel, a vertical exit shaft, and a ventilation shaft (Figs. 1.3t0 1.12).

The entrance consists of a 4-R 7-in. -wide stair on one side and a ramp on the olier, cach
ramp being 19 ft 8 in. long and leading to a common landing in [ront of the shelter (Figs. 1.5t
1.7). The stairway and ramp wails and slabe are 113 in. thick. Entrance {rom the landing into
the vestibule is through a 2-1 10',-1n. by 6-R 1%,-in. opening, which is closed on the exterior
side by means of a steei arch {ype blast door.

The vestibule, 6 1t 8% 1n. by 4 1 11 1n. by T R 6', in. high, provides aa air lock for entry
into the main chamber (Fig. 1.8). Eitrance is through a 2-ft 10%)-in. by 6-0 1%, -in. vpening,
which is closed by a gastigt fire door..

The main body of the shelier h.s a floor area 9 (1 10 in. by 13 Rt 1%, in. and is T R 6%, :n.
high (Figs. 1.9 10 1.11). The walls, floor slab, and roof slab are 1 ft 11', in. thick. The roof
slab has a 4-1t earth cover lor radiation protection.

An emergency exit is provided through an exit chamber al the onposite end of the sheller.
‘The exit chamber is entered through 2 2-° 1%,-in. by 2-Rt 9';-in. gastight fire door. The cham-
berts 2ft 11, in. by 3R 3%, in by 7 ft 8', in. high. Access from the exit chamber ialo the
emergency-exit tunnel ts through a 2-1t 1%,-1n. by 2-1t 9% ,-in. opening provided with a blast
door on the exterior side. This tuane!, 7 [t long, has a cross sectica of 21t T4, in. by 5t 3 in.,
with 112 -ta. -thick walls, roof, and lloor slab. It leads to a verlical shaft, 2 ft 7%, in. square
with 11%,-in -thick walls, which provides access to grade above

Adjacent to the erit chamber is a 4-ft 11-in. -square reinforced-concrete air-intake stack
(Fig. 1.12), extended toc a grade level. This stack provides {iltered air {or the protected ventila-
tion system of the structure, which normally operates during blast conditionc.

The liltered-air system was not placed in operalion during this test.

1.3.2 Type A Circular

The type A circular shelter consists of a protected entranceway, 3 vestibule, the main body
ol the sheler 25 persons), an exit chamber, and a combination emergency exit and ventilation
shafe (Figs, 1.13 10 1.20).

The over-ali length of the cylinder is 44 & 75 in. The vestibuie and the main chamber are
of vitenlar cross section, with an interior radius of 4 it 1 in. and 1-ft ¥ -in.-thick walls
iFigs. 1.13 and 1.14). Radiation protection i3 provided by S 88 3 in. of carth cover over the
shelter,

The sheiter 18 entered by means of a covered stair with 117 -in -thick walls, siair slab,
and ro! slab (Fig. 1.15). Entrasce into the vestibele is through a 2-8 10';-ir. by 8.2 17 in.
afeel arch t- w blast door (Figs. 1.16 and 1.17). Estrance from the vestibuile to the main cdam-
ber is thoough o 2-R 10" -1n. by 8-t 17 in. gastight fire door. At the rear of the sheiter, the
cxit chamber can be enlered throuzh 3 1-8 !"-m. by 2-8 !"«ria. gasdigh fire aoas, and from
ihiw cRasaber acreax is made to the exil shaflt through a 2-8 17 -in by 2-R 9',-in. blast door
(Fig. 1185 Exit to i grade abwve 5 provided by this shait, whki-h has ll’.-m. -thivk walls and
2 3-8 'y-in -square opening at the top. which is closed by a steel rover or grating (Figa. .19
and 1M

Adizcrnt to the exit ahalt in the fitered-atr intake chamber (Fig. 1. 18), whi' & provides
praterted ventilation dering blast conditicas.

1.3.3 Trpe C Rectanguler

The trpe O rectangular shelteor (23 prraans) i also of reinforced -dawrete. The over . all
Emensions, cacloling the casergenct funnel, are M R 41 by ITRE, in by 6 8 € in Mg

. o Al

oy




The shelter consists of the double entranceway {ramp and stair) leading to a common landing,
the entrance vestibule, the main body, the exit chamber, and the emergenc; -exit tunnel and exit
shaft {Figs. 1.21 to 1.27).

The entrance stair and rzmp are similar to those of the type A rectangular shelter (Figs.,
1.5 10 1.7). Entrance into the vestibule 1s through a 2-t 10,-1n. by 6-Rt ! ,-in. blast door. The
vestibule 15 4 1 3' in. by 3 U 3%, in. by 6 R 6%, 1n. (Fig. 1.22). Entrance from the vestibule into
the main chambe: is through a 2-00 7% ,-tn. by 8-t 8% ,-in. opening (no fire door 1% provided for
this lype structure).

The main chamber is 10 8 A in. by 138 1,40, by 6 1 8%, in. high (Figs. 1.2210 1.25). The
walls, floor slabs, and roof slab are 117, in. thick. Radiation protection is provided by 3 ft of
earth cover.

An opening (with 1o door) at the rear of the shelter provides access to the -0 3'.~-m. by
3-00 3';-in. exit chamber, {rom which entrance can be gained to the T-fl-lorg cmergency - exil
tunnel through 2 2-ft 17 -in. by 2-1t 9% -in. Liast door (Fig. 1.26). The emergency tunnel has 1
cross section of 2 1t 5y in. by St 3 ia_, with 11, -in. thick walls and slabe.

Exit from the end of the tunnel 10 the grade above is through a 2-ft 7%,-1n. -square vertical
shaft, which is closed Uy a hinged cover or grating to prevent debris {rom {alling into the shaft,
Adjacent o the exit chamber ts the filtered-air intake chamber, whichis 4 {1 ¥, 1n. by
201, in by 81t 8', in. high Figute 1,27 is the above-ground view of the combination emer -

geacy-cxit and air -intake shaft.

1.3.4 vJenttlation

The ventilation for all three types of saelters is similar. Although liwe structires were do-
signed for (he use of two systems (ratural and filtered air), only the filtered-air sysiem was
provided in this test. With this system the air enters the four 2-in. pipes passing through the
alr-intake stack at the ground surfacs. The air passes down and through a 3-ft 4-in. aepth of
double -washed coarse sand. The liitered air is !heh pumped into the main chamber of the
structure by a manually or clectrically operated air pump located 3 It T', in. above the (luor
slab (Fig. 1.24). In the shelters that have 2 gastight door between the main chamber and ante -
chamber {type A, rectangular and circular), the foul air is exhausted at the entrance -nd af the
main chasuber by a manually operated exhaust valve (Figs. 1.8 1.9, and 1.13). Once the foul
air is in the vestibule (amtechamber), il is removed from the structure by means of an over-
pressure {lap valve through the exterior wail iato the entranceway,

The quantity of air entering the shelter can be regulated during cither manual or electrical
operation. A calibrated flowmeter indicates to an operator the quantity of air passing ihrough
the pump. When the {low indicator is ! +ld steady at ity center positior, the quantily being drawn
in is 750 liters min. A flow greater than tAis exceeds the functioaal capacily of the coarse -
sand filter.

Fur clectrical operation ol the alr pump, assuming the spoed of the motor to be constant,
the quantity of air is manually regulated by a hinged throttling valve, When the air pump is
operated manually, the tArotiling valve is placed in the fully open position (Auf), and (e quan-
tity of air is regulated by the person tuming the Raadle.

In the fully closed pomition 2y, the LArottling valve and cast-troe pump case do ot seatl
perfoctiy and somic lead igv is poosible. Howvrer, this icakage is of no coascguence since the
valre is used only a3 & means of regulating the quantity of air passing tArough the pump.

Diring the test all tAruttling ralves were loft fully open. The manually operated cxbaust
valves in the Sour type A rectangular and two type A circalar shedors were leB open 1 v All
overpressure [lap ralves operated freely and were in a vlogcd position for the test,

1.3.% Dxors

The main blast dowors of the stractures are of twe types. The main entrance doors of the
type A rectamgelar and the type A circular sheliets consist of & plate curved inward with tubx -
lar memdwrs 3cro8s 1O act 38 rax (0 Lake the compressive Orces when the curred plates of
the door are pat into tension by the blast inade Figs. 116 amd 137,

n




The second type blast door, used for the main entrance of the type C shelter and a smaller
size for the emergency exits of all the structures, i8 a flai plate with horizontal stiffeners
(Fig. 1.26).

Although placed at various pressure levels, the blast doors for the type A rectangular and
the type A circular structures were designed for an overpressure of 220 psi. The blast doors
for the type C rectangular structure were designed for an overpressure of 66 psi. The vertical
and horizontal emergency -exit blast doors were designed for 147 and 13 psi, respectively.

The fire doors are made of two flat plates, with a fire-resistant material between (Fig.
1.8). The whole assembly is 1!4 in. thick. These doors were previously tested to resist a tem-
perature of 1100°C for a period of 2 hr.

All doors, both blast and fire, are made gastight by rubber-tubing gaskets.

Recesses left in the concrete to receive the frame anchorzges permitted the installation of
the door frames after the structural concrete was placed. Doors were manufactured by
Mannzsmann-Stahlblechbau, West Germany.

1.4 THEORY

The German shelters were designed by German engineers in accordance with German
codes! and criteria.?? .o duplicate, to as great a degree as possible, the conditions that would
prevail for structures constructed in Gemany, the specifications and drawings were developed
1n accordance with German construction practices. The reinforcing bars, ventilation equipment,
and doors were shipped to the Nevada Test Site from West Germany. A shortage of reinforcing
bars developed during construction, and ~omparable U. S. steel was substituted.

The structures were designed for static loading conditions. The equivalent loads assumed
were equal to one-third the peak incident overpressure and were considered to be uniformly
distributed on the exterior walls, roof, and floor slabs so as to cause maximum working
stresses. The working loads considered in the Jesign are given in Table 1.1.

The minimum materiai specifications and allowabie design stresses were as follows:

Concrete: f., 4260 psi (cube strength); and f., 1420 psi (allowable design stress).

Steel: minimum yield strass, 31,300 psi; ultimate strees, 47,500 to 71,200 psi; minimum

elongation before breaking, 15 per cent; and allowable design stress, 20,000 psi.

The structures were designed for either an 80-kt davice at an explosion height of 1550 ft
or o 5-Mt device at a height of 4140 ft. (A postshot dynamic analysis of the roof slab of shelter
RAa is included as Appendix C of this report.)

The thickness of earth cover above the roof slab of the main shelter was so proportioned
that the attenuatea radiation present in the structure was equal to 25 r. The attenuativa factor
vsed in the design was computed from “Effects of Atomic Weapons.”*

PEFERENCES

. German Cole of Standards, D.I.N. 1045,

«<orman Leutz, Aufgaben des baulichen Luftschutzes, Ziviler Luitschutz, December 1956.
Herman Leutz, Grundsitzliches zu den Richtlinien fur Schutzraumauten, Bundes Baublatt.
8amuel Glasstone (Ed.), “The Eifects of Atomic Weapons,” Superintendent of Documents,
L. d. Government Printing Office, Washington, D. C., 1950.
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TABLE 1,1 —DESIGN LOADS

Peak Equivalent static loads

overpressure, psi  Direct Joad, psi Rebound, psi

Type A, rectangular 132,5 44 5
Type A, circular 132.5 . 44 5
Type C, rectanyular 14,7 5 1.7
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Fig. 1.5—Entrarce facing away from GZ (structure RA).

Fig i —Entramce fac- g G (structure RAY
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Fig. 1.7—Entrance landing (structure RA).

Fig | *— YVendule titnatwee XA

it




]

Fig. 1."—Main chamber ad;..ent to vestibule (structure RA).
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Fig. 1.11==Main chamber (structure RAD).
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Fig. L.15—Man catrance (structure CA).
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Fig. 1.19—Emergency exit shaft (structure CA).
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Fig. 1.21=—Vestibule (structure RC).

Fig. 1.22—Interior view of vestibule (structure RC).
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Fig. 1.23—Forward view of main chamber (structure RC).

Fig. 1.24 —Rear view of main chamber (structure RC).
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Fig. 1.26=—Emergency=exit blast door (structure RC).




Fig. 1.27=—Above-ground view of the emergency-exit shaft and vent stack (structure RC).
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Chapter 2
PROCEDURE

2.1 SURVEYS

Preshot and postshot high-order field surveys of the horizontal and vertical ccordinates of
survey points, designated Y,, Y,, etc., were required to allow & determination of the absolute
and relative lateral and vertical movements of the structures during the blast.

A second set of survey points, X,, X,, etc., was located in the structures to allow a deter-
mination of the relative lateral or horizontal movement of component parts of the structures.

The locations of these survey points are shown in Figs. 2.1 to 2.3.

2.2 INSTRUMENTATION

2.2.1 General

The major portion of the instrumentation used in the structures of Project 30.7 was U. S.
equipment. The U. S. instrumentation, as provided by the Federal Civil Defense Administra-
tion (FCDA), recorded blast pressure, ri.diation, and structural-response variations. In addi-
tion to this equipment, supplemental pressure instrumentation supplied by thc West German
Government was incorporated in the test.

2.2.2 U. 8. Pressure Instrumentation

The U. S. preasure instruments installed in the structures of Project 30.7 consisted of
Wiancko electronic pressure gauges, Carlson electronic earth-pressure gauges, Bailistic Re-
search Laboratories (BRL) self-recording pressure-time gauges, ana BRL electronic and
self-recording dynamic pressure gauges. The pressure instrumentation *vas installed in the
structures by members of Project 30.5¢.

The number, type, and location of the pressure instrumentation are tabulated in Table 2.1,
and iocations are shown in Figs. 2.4 to0 2.12.

In addition to the instrumentation in the structures, U, S. blast-line pressure data are
available for determining both the free-field suriace overpressures and the dynamic pressures
to which the structures wer2 subjected.

The blast-line instrumentation and the maximum overpressures recorded are indicated in
Fig. 1.4.

The Instrumentation description and test results have been extracted from the Project
30.5¢ report, WT-133€, and are more fully described therewith.

2.2.) German Pressure Instrumentatiosn

Five gell-recording pressure gauges, supplied by the West German Government, were used
in the test. These gauges were so positioned along the blast line that their postshot results
could be checked by U. §. instrumentation. The locations of the German gauges and corse-
sponding U. S. gauges are shown in Fig. 1.4




2.2.4 Structural Response

Structural response of the structures was recorded by BRL displacement and acceleration
gauges and SR-4 strain gauges. These gauges were provided by FCDA and were installed by
Project 30.5¢c.

Scratch gauges, supplied by the FCDA, were also used to determine relative deflections of
structure RAa. The gauges consisted of two separate sections of metat {ubing, each having a
steel base and a universal-joint connection between the tubing and the base. One tube was of a
larger diameter than the second. The smaller tube was placed inside the larger scction, which
had a pointer-spring type assembly mounted on it. A mark was inscribed on the smaller of the
two tubes when there was a differential settiement between the bases of the gauge. Th? length
of the scralch indicated the amount of deflection of the member on which the gauge was
mounted.

The locations of the structural-response instruments are tabulated in 'able 2.1 and shown
in Figs. 2.4 to 2.12.

2.2.5 Radiation Instrumentation

Radiation measurements were made with U, S. gamma-radiation film dosimeters, gamma-
radiation differential chemical dosimeters, and neutron detectors and with gamma -radiation
differential chemica! dosimeters supplied by the West German Government. Also included for
gamma-radiation measurements were two dual-unit telemeters. One of the units was placed in
structure RAc, and the other was located on the blast line at a predicted pressure level of 88
psi. The telemetering instruments act as remote radiation detectors, transmitting gamma-
time records to a central receiving station.

Five gamma-radiation dilferential chemical dosimeters were placed along the blast line
(Fig. 1.4) as a part of the radiatior program.

The installation of all radiation-recorcing instruments, including the German equipment,
was performed by Projects 30.5¢, 39.9, and 38.1a.

The placement of the radiation-detection equipment in the structures is shown in Fig. 2.13.

2.3 GROUND SHOCK SPECTRA

2.3.1 General

Displacement spectra of ground shocks produced by nuclear devices, from which the ve-
locity 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 gpectrum
is a convenient method for interpreting free-field earth motions with regard to the reiative el-
fects in a structure or the ef{fects 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.

2.3.2 Theory

A ground-shock spectrum is a plot of the maximum responses of singie -degree -of -{reedom
systems (reed gauges) vs. the natural frequencies of the systems. The response ia due to
ground -induced motion of the reed-gauge base and is measured in the tests as peak instantane -
ous displacement. Acceleration and velocity spectra are derived from the measured displace -
ment spectra. The mathematical relations given below are the bases for the response specira.

Figure 1.14 illustrates 3 single -degree -ol -{reedom spring-mass system (neglecting damp-
ing); (a) shows the system at rest, and (b) shows the system in melion in the x direciioin as a
result of an acceleration of the base.

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

crwl -t




where u=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 of a spring-mass system
The dots denote differentiation with respect to time.
The system responses have the following relations:'

B, =D, the displacement (response) spectrum
wi_,, = V, the velacity (response) spectrum
Wlimes = A, the acceleration (response) spectrum

The displacement-response system ;D) consists of the recurded values of the maximum
displacement of the various ma ises relative to their bases {or a number of spring-mass sys-
tems covering a range of frequerncies. The acceleratioa-response spectrum (A) consists of the
maximum absolute accelerations of the mass systems. The velocity spectrum is composed, not
of the actual peak velocities of the :masses relative to their bases but of pseudo relative veloc-
ities that are nearly the same 43 the: peak relative velocities. The velocity spectrum is useful,
however, in the determination of the upper bound of the strain energy in structures.

2.3.3 Instrumentation

Twelve shock gauges and protecting canisters were used in the tests. The shock gauge is
a completely salf-contained mechanical unit requiring no electronic or communication chan-
nels. Essentially, it consists of 10 masses attached to cantilever springs mounted on two sides
of a vertical plate (Fig. 2.15). The natural {requencies of the spring-mass system are approxi-
mately 3, 10, 20, 40, 80, 120, 160. 200, 250, and 300 cycles sec.

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 s{,ius attached to each mass.

The gauge is protected by a cylindrical canister 2 ft in diameter and approximately 2 ft
deep. Figure .16 shows the two canisters as they were placed in structure RAc. Transmis-
sion of shock input to the gauge (cither in the vertical or horizontul direction) is secured by
bolting the gauge in the desired position to the 1-in. baseplate of the canister.

Vertical and radial gauges to record ‘ree-field effects were placed approximately 1 ft be-
low the ground surface at various distances frora CZ during shots Smoky, Whitney. Galileo,
Charleston, and Stokes. During shot Smoky one radial and one vertical gauge were placed in
the underground rect.ngular structure of Project 30.7 at the 1005-ft range (Fig. 2.168). The
canisters were bolted to the fioor slab of the structure. One radial and two vertical gauges
were placed adjacent to the structure; a distance of 5 {eet was used between gauges.

1.4 ACCELERATION TEST

A test was performed under the direction of Project 30.5 to ascertain the effects on the
human body of the acceleration of a structure subjected to blast loads:

In structure RAc concrete blocks were cast around concrete -filled rubber boots. The
boots and Llocks had a weight approximately egual to that of the average human. Three pairs
of boots were mounted an taree different types of flooring: (1) three 1-in.-thick layers of
Ensolite comented t(gether; (2) one 1-in. layer and onc ‘,-m. layer of Ensolite “emented to-
gether, and (3) the existing concrete oo of the structure. The instrun,. ...lion used in the
test included one Wiancke accelerometer mounted on each of the three ble ks and two ac-eler-
ometers mounted on the {loor. The instruments mounted on the {loor were arranged to measure
both vertical and corisontal acceleration of the structure. One displacement gauge was used on
the biock that was (. ated on the 1',-in. -thick pad of Ensolite.

The location and details of the Eninlite test equipinent are shown in Fig. 217, and a view
i tie test is given in Fig. 2,16,
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2,5 BIOLOGICAL TEST

2.5.1 General

'nder the direction of Projocts 33.5 and 33.8, internai environmental biological tests
were performed in the structures of Project 30.7. The objectives of these tests were (a) to
determine the effect of »nvironment on biological specimens (mice) occupying the shelters
during 2 nuclear expliosion and (b) to determine the existence and origin of dust resulting from
a nuclear detonation, which would be a potential hazard to personnel located in structures.

In general, the biclogical test consisted of a sample of 20 mice; one sample was placed in
cach of seven of the nine structures tested. The test objectives were twofold: (1) to place the
specimens in the shelters and to follow their mortality rate over a 60-day period postshot and
(2} if possible, in case of death, to relate the cause of death to a specilic environmental factor.

The dust-accumulation test consisted in placing one or more of the same and or different
types of dust accumulators in the siructures {or exposure during the detonation. The purposes
o!f the study were to (a) cbiz:n s2amples of postshot dust appearing in the structures as a con-
sequence of the nuclear explosion, (b) establish, i{ possible, the sources of postshot dust, i.e.,
whether paiticies arose from preexisting dirt on the fioor or actually spalled from the ceiling,
wall, and floor slab as a result of the explosion, and (c) establish the particle sizes of the pre-
shot and postshot dust.

The biological-test description and resull's, as accumulated in this report, have been ab-
stracted from the reports of Projects 33.5 and 33.8, ITR-1447 and WT-1507, respectively.

2.5.2 Environmemal Test of Mice

{a) Amimals. The animals used in the study were mice of the RAP strain. Body weights
were between 20 and 25 g, and ages averaged approximately six weeks. In addition to the sam-
ple used in each stricture, 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 F.g. 2.18). The cages con-
tained copious amounts of 1ood {Purina Laboratory Chow) and two water bottles, In the event
the blast were to jar the water bottlies from the cage, each cage had sliced raw potatoes to act
as a source of moisture. Control tests had shown ‘hat animals under these circumstances
could survive iur four days unattended.

W) Locations. The cages were placed in seven of the nine structures tested. The cages in
structures RAa RAc, RAd, RCa, RCb, and RCc were placed on the {loor siab near the corner
of the n.2in chamber formed by the walls facing GZ and the antechamber. In structyre CAb the
cage was located between the gasoline generator and the gasoline storage tank. The cages in
all seven structures were secured to the {loor by an elastic band stretched across the top of
the cage and anchored to the floor slab.

The location of the mice is shown in Fig. 2,19,

{¢) Time of Placement. The animals were placed in the structures three and four days
before the shot. Each day thersafter the food and water supply was replenished up to, and in-
cluding, 'he day before the shot.

2.5.3 Dust-arcumulation Test

(a) Dust Collectors. Two types of dust collectors were utilized in the study. These col-
lectors consisted of siicky -tray fallout coliectors and motor-driven air sampiers.

M) Shichy-trry Fullowt Collectors (Tvpes B, C, and D). Two types of sticky -tray colicctors
were used duriag the study. The first type consisted of sticky paper (8 by 9 in.) mounted by
masking taps to the top of either aluminem trays (12 by 121a.) or ! 4-in.-thick plates of galva-
nized sher! sietal (9', by IO’, in.}. The top of the sticky paper was protected by two rectangu -
lar pie < of paper, cach covering half the sticky surface. The paper protector was removed
when cxposure of the tray was desired. The stickyv-resin trays, which were the second type
ared, were prepared by coaling one sioe of the aluminum travs with ar alky! resin put ia 3
solution of tolurne (1 part resin to 4 parts toluenc). The coating operation was done with an

L}




atomizer of the type commonly employed to spray nasal passages. Dummy trays were taped
over the resin collectors to protect them during transportation and installation.

The sticky-tray collectors were broken down into two additional classifications, namely,
type B (paired sticky-paper trays) and type C (single sticky-paper trays). Type B sticky-
paper trays were placed {n the nine structures for preshot contrc!s. These control trays,
which recorded the preshot dust accumulation, were removed {rom the shelter at the time the
structures were finally prepared lor the detonation. The sticky sides of two trays were placed
f{ace to face to trap the collected dust between the two layers of transparent material. At the
time of removal of the control trays, two experimen‘al type B trays were uncovered 8o that
the postshot dust accumulation could be recorded. In addition, single sticky-paper trays (type
C) were installed in the structures that had been coated with fluorescent dye. The single
sticky -paper trays, when rot in use were protected by dummy aluminum trays, which were
taped over them.

Single resin trays (type D) were installed in the structures that had been coated with {luo-
rescent dye. As in the case of the type C trays, the resin trays were protected by aluminum
tray covers.

The fluorescent dye was used to establish the source of postshot dust. A 0.1 per cent
solution of {luorescein-sodium, rlaced in a 50 50 water-alcohol solution, was applied with
ordinary paint rollers. The Noors of structures RAa. CAL, RAd, and RCb were covered to
avoid contamination of the floor dirt with the dye.

At the time the dust collectors were placed, a sample of dirt was scraped {rom the floor
of each structure to establish the character of the shelter dirt which existed preshot.

The control sticky-paper trays, as previously mentioned, were broken into two categories,
dirty and clean. Twelve dirty coutrol trays were placed in the structures, as indicated in
Table 2.2. These trays were placed in the structures 14 days before the test, at which time
dust on the floor was disturbed by swatting the floor with a piece of cardboard. The 12 control
trays were removed the day {ollowing their placement, at which time 3 additional clean trays
were placed. The clean trays were uncovered three days before the test and removed two days
later.

All experimental dust collectors (types B, C, and D) were exposed in the structures from
one to three days before the test.

(c) Air Sampler (type E). A high-volume automatic air sampler was installed in structure
CAb (circular at 132 psi) to check the concentration of dust particles suspended in the air at
different times after the blast.

Thie instrument is equipped with a 'f,-hp motor, which operates a suction pump that
draws apgroximately 15 cu ft min through a Whatman No. 41 filter paper. The volume of air
sampled depends upon the particular filter employed and the amount of dust which has accu-
mulated on il during its operation. The air {flow rate used for calculations 1s the 'aean of the
initial and tinal {low rates as deterwined by a Fischer and Porter Flowrator.

The sampier consists of two basic units: the molor and pump unit and the lilter magazine
unil. The latter accommodates eight 3’,-m. -diameter filters, which cvele sequentially accord-
Ing v & preset sampling interval. Initiation of sampling is also controlied by a preset timer.

For this (et two samplers using Whatman No. 4] tilter paper as the {ilter medium were
cmployed. The first instrument was sct so that each of the cight filters was exposed for a
period of 1’, hr; after 12 Ar, the instrument having vun its cyele, the operation would cease.
The sc-ond instrument was set 30 that it would run (ontinuously on one filter unitl the power
supply failed.

The air sampler with ils power suppiv, was installed in the structure six days before the
test. Several preshot tests were run on the equipment to determine whether ar not the genes -
ator air supply was sufficient. The sampler operated during s™ Line test, byt under a pro-
longed test two davs belore the shot, I air supply was found ‘o be insufficient. Even though
the sampler war unliksly (0 function properiy, it was started 8 hr be ‘ore the test.

The samplers used in the test by Project 315 and the description of thrir opera®iun were
obtained liom Prugram Y7 through the cooperation of K. K. Larsen.
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(d) Locetion. Two experimer.tal sticky -paper trays (type B) were placed in ecch of the
nine structures tested. Structures RAa, RA4, CAb, and RCD had one sticky -paper tray (type C)
and one resin tray (type D), in addition to the type B trays. These structures, which contained
the type C and D collectors, were alsd coated with fluores ~ent dye. Both air eamplers, along
with their gasoline -gonerator supply, were located in structure CAD.

The number and type of dust collectors are given in Table 2.2, and their locations are
shown in Fig. 2.18.
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TABLE 2.2—NUMBER AND TYFE OF DUST COLLECTORS*

Remarks

Dye-treated 11 days before test

Dye-treated 11 daye Lefore tast;
vacuumed 1 day before test

Dye-treated 11 days before test;
vacuum:. . 1 day Yefore test

Dye-treated 11 days before test;
vacuumed 2 days before test
Vacuumed 1 day before test

No. and type of No. and type, type B
experimenwai collectors control collectors
Structure B C D E N, Type*

RAa 2 1 1 1 C
KAb 2 1 C
RAc < 1 C
i C,
RAd 2 i l (o
CAa 2 1 C
CAY 2 1 1 2 . C
RCa 2 1 - C
1 C,
RCbH 2 1 1 1 Cc
RCe 2 1 C
1 Cy

*Control collectors: C, dirty control; Cy, r control.
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tig. 2.14-—Single-degree -of-freedom spring-mass system.




Fig. 2. 1" = Shock -gauge canuters and Ensolite test equipment.
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Fig. 2.18—Mouse cage.
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Chapter 3
BLAST RESULTS

3.1 Structural Blast Damage

3.1.1 Rectangular Concrete Shelter (Structure RAa)

(2) Entranceways. In the ramp entrance facing GZ separations formed at¢ the intersec-
tions of the interior and exterior walls with the ramp slab. The interior wall was pulled
away from the slab 7 in. at uie bottom and Y in. at the top of the ramp. The intersection of
the ramp and exterior wall was similar to that at the interior wall; that is, the crack varied
from 4 to 7 in. near the bottom to zero inches at the top of the ramp. Bowing of the interior
wall into the backfill was produced at the quarter-height along the contraction joint. A Y- to
‘/,-m vertical crack was formed near the bottom of the ramp. This crack terminated at a
laminated area located at the mid-height of the wall. There was spalling on both sides at the
upper section of the crack. Cracks varyine from Y to ’/. in. in width, perpendicular to the
plane of the ramp, were located approximately 2 ft on center along the length of the wall. The
majority of these cracks ran the full height of the wall. A crack starting at a chipped-out sec-
tion located at the intersection of the end of the roof slab and the interior wall ran diagonally
toward the top of the wall. The section of the wall above this crack was deflected back into the
{ill. The exterior wall damage was similar to that described for the !nterior wall. A chipped
section of the exterior ramp wall was located approximately 4 ft above the landing at the con-
traction joint. A horizontal crack, with spalling on both sides, above this section produced a
Ys-in. bow in this wall. There were numerous diagonal cracks perpendicular to the plane of
the ramp located approximately 2 to 3 ft on center .n the upper two-thirds of wall. These
cracks varied in size from Y, to 1 in. in width. The top of the parapet located above ‘he land-
ing roof slab that faces GZ was deflected into the backfill 6 in. at the intersection of the ex-
terior wall and 1 ft at the interior wall. The corners of the parapet and side walls were
chipped, and the reinforcement was exposed.

A 3-in. crack in the landing Moor slab ran from the cocntraction joint at the bottom of the
ramp along the center line of the slab to the Q-gauge mount. There it brcame a 2-in. crack,
running diagonally to the exterior wall. A 1';- to 2-in. crack was located along the intersec -
tion of the floor slab and the exterior wall. The crack was continuous the full length of the
landing. The roof slad had a continuous longitudinal t-in. crack alorg its cemter line. Two
Magunal cracks 'y in. in wEA bracched off the main crack, one terminating at the interior
will and the other ai the exterior wall. A 'y-'n. crack was produced along the ‘ntersection of
the ™ol slad and the exterior wall. The exterior wall was Sadly damaged, having a longitudi-
nal crack located at the mid-height of the wall. Spalling of 2 tu 3 in on sach side was observed
along its entire length.

In the entrance away from GZ, bowing separstions were pruduced along the intersect.on of
the olairs and the two walls. The separation of the interior wail varied from 2', in. 3t the dot-
tom to ¢!, in. at the three-quarter paint from the bottom and back to 3 in at the tap of the
stairs. The exterir wall had 2 separation of *, in. al the bottom and 2 in. af the  p of the
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stairs. The exterior wall naa several ’/,,-ln. cracks perpendicular to the plane of the stairs
located in the upper section of the entrance. The interior wall had a spalled crack located at
its quarter point which started at the contraction joint, ran parailel to the stairs, and ended
above the sixth riser from the bottom. At the intersection of the top end of the roof slab and
the interior wall was a chipped-out section of the wall. This section had two ¥, -in. cracks
leading out {rom it and running parallel to the stairs.

The interior surfaces of the ramp, stairs, and the landing were completely scoured by the
blast. Debris covered the entire entrance.

(b) Antechamber. No damage was noted in the walls, roof, and floor slab of the ante-
chamber.

(c) Main Chamber. Hairline cracks were formed at the intersection of the roof slab and
the haunches along the rear and side walls of the main chamber. The intersection of the walls
located at points A, B. and C of Fig. 3.1 had continuous hairline cracks the full height of the
walls. Diagonal hairline cracks were formed at the four corners of the door opening located at
point D. Numerous traasverse and longitudinal hairline cracks wer¢ produced on the floor slab
of the main chamber. No cracks were present in the {loor slab of the main chamber adjacent
to the main seal door.

The crack patterns for structure RAa are shown in Figs. 3.1 to 3.3. Appendix C contains
the postshot dynamic analysis of the roof slab of shelter RAa. The analysis indicates that only
minor cracking was expected under the applied blast load.

(d) Exit Chamber. As in the main chamber, diagonal cracks were formed at the four cor-
ners of the door opening located at point E, Fig. 3.1. No structural damage was evident in the
roof and floor slabs.

(e} Exit Tunnel and Shaft. The tunnel and shaft themselves had no visible cracks. There
was 2 Y- to Y;-in. lateral separation at the contraction joint between the exit tunnel and the
rain structure. The tunnel was displaced ! in. vertically upward at the opening {rom the main
structure. An area approximately 1 ’t square had spalied in the tunnel roof slab adjacent to the
contraction joint. Debris was strewn the full length of the tunnel and was piled 3 ft abovz the
tunnel floor directly under the exit hatch.

() Doors. All doors, with the exception of the horizontal emergency-exit hatch cover,
were undamaged by the Dlast. Th= grout pockets holding the door frame anchors were all
sound except for the top pocket on the latch side of the large sealed door, which was cracked
around the edges of the grout pocket.

The ernergency-exit hatch cover was blown down into the exit tunnel and deposited opposite
the small blast door. The exit hatch cover showed no other damage except straightening of the
hinge support straps. The releasing mechanism was also undamaged.

{g) Ventilation. The overpressure flap valve was closed before the test and was {ound
closed after tise test. Ticre was m sign of damage to the valve or hinge assembly or to the
mianually operated exhaust valve inside the sheiter.

Inspection showed the manuallv operated ventilator to be in good working condition, except
that some loakage was noted. On the “Zu” (closed) setting, the flow-indicator plug rir~s slowly
to the top of the gratuated tube when the handle is turned rapidiy. However, it is doubtful i
leakage, in addiitua to ih\t noted in Sec. 1.3 4, was caused by the blast.

The results of the blast are shown in Figs. 3.4 te 3.24.

3.1.27 Rectargular Concrete Shelter (Structure RAb:

ta) Enfruwcenarvs. In the entrance facing G2 the separation of ihe ramp fm the interice
wall varied in size from haitiine near the tor to 27, in. at the txdto~ o the ramp The exte-
rior wall and ramp slab intersertion had 3 similar crack that varied from Aeirline near the top
to 2 in at the buttom. A transverse cTack 7as lageitd a the onx-third po. *- un the ramp The
interior ramp wall had a2 laminated section loca?ted moa “ie roaf sy, & 2 wal laminated
area was formed at the intersection of the ramy; ais s wall B2u 13 5 siod arecs had *  -in.
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cracks along their top edges. A Y- to !;-in. vertical srack was located at a paint midway up

the ramp. Spalling was evident along both edges of this crack. Two vertical %-and - to ¥-in.

cracks were located in the upper third of this wall. There were several Y,-in. cracks in the
wall. Numerous vertical and diagonal 'j,- to %-in. cracks were present along the face of the
exterior wall. A chipped section of the wall was located at the contraction joint between the
ramp and landing. The top of the parapet located above the landing roof slab was deflected

3 in. into the backfill.

On the ramp side of the landing a 1'4-in. crack was formed at the cemec: iine of the floor
slab. The crack ran to the center of the landing. A ¥;-in. crack branched {rom this crack and
ran next to the Q-gauge mount, at which point it became a 1-in. crack and continued to the first
riser of the entrance away from GZ. The intersection of the roof slab and the exterior wall
had a continuous 1%;-in. crack along the entire length of the landing. The exterior wall had
several ';,- and ’/,,.m cracks located midway along the landing. There was also a ’-in.
horizontal crack 3% ft above the floor slab of the 'anding on the GZ end of the wall which ran
10 the %;,-in. vertical crack. Sections of these exterior walls at the cont=action joint of the en-
trance facing GZ were chipped out by the blast.

Continuous separations were observed along the intersection of both walls and the stair in
the entranc. facing away from GZ. At the interior wall the crack varied from 1 in. at the bot-
tom to 2 in. at the mud-height of the stairs and then decreased to ’/. in. at the top. The exterior
wall separation was similar but varied in «ize from Y, in. at the bottom to 1Y, in. at the mid-
height and back to Y in. at the top of the stairs. The interior wall had a laminated section lo-
cated adjacent to the edge of the landing roof slab. The laminated area had a 'y,-in. horizontal
crack that ran toward the top of the stairs. The exterior wall had a vertical Y;,-in. crack lo-
caled above the sixth riser from the boitom of the stairs. Several ',- and Yy;-in. cracks were
also present in this wall.

(b) Anlechamber. The walls and roof were not damaged. The floor slab had one hairline
10 ¥i¢-in. crack running from the rear wali of the antechamber to a point located midway be-
tween the main door opening.

(c) Main Chamber. The section of main chamber adjacent to the gastight door had several
Y5-in. cracks in ita floor slab. The roof and walls of this section received nc structural dam-
age. The roof slab of the main room in the structure had diagonal hairline cracks that start.-d
at a strain-gauge block out al the center of the room and ran toward the four corners. A longi-
tudinal crack, hairline in width, was located ajong the center line of the slab Hairline cracks
were developed at the intersecticn of the haunch and the roof slab along the rear and both side
walls of the room. Cracks were formed along the intersection of wails at points A and B of
Fig. 3.15. Also, at the gastight door opening, located at paint C ol Fig. 3.25, diagonal cracks
were furmed leading out from the fuur corners of the door upening. Numerous transverse and
longitudinal cracks were pruduced in the fluor slad, their sizes varylng from 'y to ' in

The crack patterus lor structure RADb are shown in Figs. 3.23 t0 3.27.

(d) Exit Chambder. The opening located at paint D of Fig. 3.25 had diagonal cracks leading
from its four comers. No damage was observed in i - ¢on! r floor slabe.

(@) Extt Twwmc! and Skart. No sracking was found tn the vertical exit shaft or the exit
tunnel. The contraction juint between the einergency exit tunael and the main part of the shel-
ter was cpened 'y to ' in, with spalling at the faint of the tuinel walis and roof slab. Theree
wae 2 vertical disloration brtween ' unnel nd sheiter, the funnel being ' in. nigher

(f: Doors. The oaly door showing any damage was the emergency-exit hateh cover. As in
structure RAa, the berk steel hinge straps again were sttaighiened onut and allowed the hatch
cover to be puahed into the >mergency -exit tuinel. The hatch cover was deposited on the [loor
of the exit tunnel a3t the odge oi the pit and was buried wxier 3 8 of debris The hatch operating
mechanism and the hateh frame were undamaged

The grout ureder the frame of the maur L last door was blown into the anterhamber i the
overpressure, but this danr 2ad the remaining biast door and tw gastight doors were 1o giend
wrking crder.
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(g) Ventilation. The ventilation system was in working condition and had the same set-
tings after the test as before. That ir, the overpressure flap valve was closed and was working
easily, the manually operated exhaust valve was open 1 cm, and the ventilator was on “Auf”
{open). As in structure RAa, there again was some small leakage in the mechanically operated
ventilator when it was set on “Zu"” (closed) and turned rapidly. The cast-iron flange of the
ventilator assembly, which bolts to the projecting intake pipe from the sand filter, was broken
at the time of initial assembly and not during the test.

The blast damage incurred hy structure RADb is shown in Figs. 3.28 to 3.32.

3.1.3 Rectangular Concrete Shelter (Structure RAc)

(a) Entranceways. The entrance facing GZ had cracks formed along the intersection of
the ramp siab and both walls. The separaticn of the interior wall from the slab varied from
hairline at the ground surface to ¥ in. at the bottom of the ramp. The exterior wall and slab
separation varied from Y, in. at the surface to %; in. at the bottom. The interior wall devel-
oped two Yg,-in. cracks at its mid-height. These cracks were located near the lower portion of
the ramp. The wall at the construction joint deflected into the backfill ¥ in. at its base and
2% in. at the top of the parapet. There were no cracks in the exterior wall, but at the contrac-
tion joint the wall deflected into the backfill zero inches at its base and l’/, in. at the top of the
parapet. The top of the parapet located above the landing roof slab was pushed 1Y, in. into the
backfitl.

The roof slab over the landing had a '/.-m. continuous crack along its intersection with the
exterior wall. A Y-In. crack developed; it started at the edge of the roof slab on the opposite
side of the landing from GZ, continued along the center line of the slab for three-quarters of its
length, then turned diagonally toward the exterior wall. The interior wall of the landing had a
vertical Yy-In. crack running its full height. The crack was located at the center of the landing.

Both walls in the entrance away from GZ separated from the stairs at their intersection.
The crack 2long the stairs and the interior wall varied from Y, ir. at the bottom tread to ¥, in.
<t the mid-height of the stairs and to ', in. at the top riser. The exterior wall and stair sepa-
ration varied from hairline at the bot'om to ¥ in. at mid-height and to ! in. at the top riser.
The interior wall had a laminated area located at the intersection of the wall and the roof slab.
The top of the laminated area was bounded by a Yj;-in. crack. Several additional !4,-in. cracks
and cne %¢-in. crack were located near the laminated section. The extarior wall had three
Ys2-in. cracks ind one Y -in. crack located near the contraction joint in the upper half of the
wall.

{b) Antechamber. The walls, roof, and floor slab received no structural damage {rom the
nlast.

{#) Main Chamber. One longitudisial hairline crack started at the center of the chamber
roof 8lab and ran to the interior corner of the antechamber. Theire were severul diagonal
cracks branching off this (ongitudinal crack. Diagonal cracks, starting at the center of the
chamber, ran tc vard the two vear cormers of the rcom. There were hairline to Y ,-in longi-
tudinal cracks produced in the fiuc~ slab. The center portion of the slad could not be investi-
gated owing to the presence of the Ensolite test equiprment. Cracks were formed at tie inter-
sect.on of the walla a3 localed by points A, B, and C of Fig. 3.33. Diagunal cracks were
present at the icyr cormers of the door opening at the rear of the chamber, point D.

The crack atterns for structure RAc are shown in Figs. .33 to 3.38.

(d! Exif (Azmider . No cracking was evident in the rvof and floor slabe. Cracks were
formed al the {our corners of the upening in the wall at point E, Fig. 333

(e Exst Faringl and Swonr?. The tunnej and shaft themselves had no visible cracks. At the
cortraction joint between the main structure and the tuancl, 3 ', in lateral displacement oc -
crrred. The tunnel flour was dislaced vert.cally ', in. atiove the ficor of the main structyre.
Debris was piled 2'; Rt above the fionr of the turnel bolow the exit shaft. Sand bags that were
used to reinforce the sloped ground surfice at the exterior end of the shaft were found broken
open and hanging from the chmbing rungs in the shaft.




(f) Doors. All doors, with the exception of the horizontal exit-shaft hatch cover, were un-
damaged by the blast. The hatch cover was found at the edge of the pit below the shaft. It had
been completely covered with debris. The anchor straps for the hatch cover had been straight-
ened out by the iorce of the cover being pushed away from it.

The grout pockets for holding the doors were found upon inspection to be sound, but the
grout under the main blast-door frame was blown into the antechamber by the pressure wave.

(g) Ventilation. The overpressure flap valve was closed before the test and remained
closed after the test. There was no sign of damage to the vdlve or hinge assembly or to the
manualiy operated exhaust valve inside the shelter.

Inspection showed the manually operated ventilator to be in guod working condition except
that some leakage was noted on the “Zu” (closed) setting. The flow-indicator plug rises slowly
to the top of the graduated tube when the handle is turned rapidly. However, it is doubtful if
leakage in addition to that noted in Sec. 1.3.4, was caused by the blast.

The results produced by the blast loading are as shown in Figs. 3.36 tc 3.53.

3.1.4 Rectangular Concrete Shelter (Structure RAd)

(a) Entranceways. In the entrance facing GZ there was a separation of the interior wall
from the ramp slab varying from Y, in. near the top of t* = entrarce to ¥, in. at the bottum.
The exterior wall was also separated from the ramp ihe e of re cracks varying from ',/. in.
at the top to Y in. at the bottom of the ramp. Tiere was a chinped-out section of the irterior
wall located at its intersection with the vdge »f the roof slab Lver the landing. The deflection
of the wall into the back{ill at the contraction joint varied from :cro inches at the ramp to
¥4 1. at the bottom of the roof slab. The exterior wall had a ', -in. vertical crack located
near the upper end of the ramgp.

A Y¢-in. crack was present along the intersaction of the exterior wall and the roof slab of
the landing.

The separation of the stairs in the entrance away from GZ from the interior wall varied
from hairline at the boti.an riser tu ‘/. in. at the top of the stairs. The exterior wall separation
varied from Y, in. at the bottom to %, in at .he mid-height and back to % in. at the top of the
stairs. The intericr wall had a 'y;-in. diagunal crack running from the intersection of the edge
of the roof and the wall to a pouint located at the top of the seventh riser {rom the bottom of the
stairs. No deflection of this wa'l inte: the backfill was apparent. The exterior wall deflection at
the contraction joint varied from zero inches at the bottom to ), in. at the underside of the roof
slab.

The crack patterns for structure RAd are shown in Figs. 3.54 to 1.56.

{b) Autechomber. No damage to the walls, rouf, or floor slabs was apparent in the ante-
chamber.

(e} Main Chamber., The ma.. chamber received no struciural damage from the blast.

{d) Exet Chambder. The walls, roof, and floor slab of the exi! chamber appeared to be in
the same condition before and after the test.

(e} Byvit Tumnel and Shart. No cracks were eviden! in the shalt ur tunnel. The contraction
joint between the main structure and the exit tunael had a lateral separation of about * ¢ in. No
vertical movement was apparent at this joint. One of the climbing rurgs in the ¢xit shalt was
deformed. Sand and debris filled the pit at the dottom of the shaft to 2 aepth of appraximately
9 in.

if) Doors. The only door showing any damage was the emergency - ext halch cover. The
kel steel hinge straps were straightened out, allowing the cover to be pushed into the emer-
.eacy -exit tunnel. The halch-operating mechaniom and ihe hatch {rame were undamaged.

gy Venfilation.  The overpressure Nlap valve was closed before the test and remained
closed after the test. Thi.e was no gign o.f damage to the valve ar hinge assembly or tH the
manualiy uperated exhaust valre inaide the shelter




Inspection showed the manually operated ventilator to be in good working condition, except
that some leakage was noted on the “Zu"” (closed) setting. The flow-indicator plug rises slowly
to the top of the graduated tube when the handle is turned rapidly. However, it i5 doubtiu} if
leakage, in addition to that noted in Sec. 1.3.4, was caused by tne blast.

The results produced by the blast lnading are shown in Fig. 3.57.

3.1.5 Circular Concrete Shelter (Structure CAa)

(a)Entranceway. The single entranceway, which faced away from GZ, had a '4;-in. crack
down the center line ~f the sioping roof siab over the siairs. This crack started at the free end
of the roof slab and cuntinued past the contraction joint 1o 1Y, it past the crown of the cylindri-
cal section.

A Y33~ to Y ;-in. crack ran along the center line of the stairs from the fifth riser from the
top to the contraction joint at the sixth riser from the bottom. Another Yj,-in. crack ran from
the fifth tread from the bottom to the floor of the landing along the intersection of the exterior
wall and the stairs. At the intersecticn of the exterior wall and the stairs, there was a g -in.
crack that started at the eighth riser [rom the top and ran to the top riser. [t continued diag-
onally from the intersection of the exterior wal! and the top tread as a ', -in. crack acrcss the
horizontal portion of the wall. A similar 'j;-in. crack starte.. at the other end of the top tread
and ran diagonally across the top of the interior retaining wall to its outside face.

At the bottom of the vertical contraction joint in the retaining walls, there was a ,-in.
separation of the exterior walls and a ’,«‘-in. separation of the interior. The joints were closed
1t the top. Diiferential verticai movement was apparent. The portion of the sloping roof slab
above the contraction joint was ¥ ¢-in. lower than the corresponding section toward the cylinder.

The corner formed by the sioping roof slab and the interior wall from the contraction joint
to top of slope had 4 hairline crack. This crack extended up to the top of the parapet partion of
the slopirg roof slab 1t {ts intersection with the interior wkil and ran dlagomably toward the
cylinder to the edge of the wall. This diagonal crack was ',; in. wide,

The floor slab of the landing had a 'y;- to | ¢-in. crack perpendicular to the plane of the
door across the entire width. A similar hairline crack was present near the crown of the roof
slab.

There was alsc 2 vertical hairline crack 1 ft from, and parailel to, the vnstairs side of the
main blast door. This crack started at the top recess on the far side of the door {rame {ron:
GZ and continued to the {loor. The grout in this anchor pocket was loosened.

The crack patterns fur structure CAa are shown in Figs. 3.58 tv 3.80.

ib) Andeckamber. The only visible damage in the ctambe- bet zeen t>» large bl.ist dowr
and large gastight doors was a continuation of the longitudinal «racks along the cente. line of
the floor siab and crown. In this chamber e cruck tn ihe {loor slav was 'y, in. wide and the
crack in the ¢crowh was hairline.

(¢) Main (Ramder. In the main chamber the ¢ rack in ‘he floor slab, which began at the
end of the crlinder, continued as a 'y,-in longitudinai ~rack down the center line of the floor
fur practically the full length of the cylinder Approximately 3 ft from the exit end of ™™g
cyitnder, this crack became ' in. wide. There was zlso a similar, bl rarrower, crack in the
crown of the roof slab {or the entire length of the main chamber.

The wall of the cylinder away from GZ had three cracks, hairline in width, starting a! the
irtersection of the cylinder with the flone slab and running up tc & goint wbout JO deg from the
ryown on the side away from GZ. These cracks were approximately at the center “nd ~ua~'er
Jints of (he o1t of they ynstiffened wall. Two §-la -lung vertical Pairline ctacks were also
found in the wall facing GZ around the middic diameter at the center of span of the will

(&) Exif Chamber. No damage o the walls, {loor slabd, o7 cylinder wvas noted in ihis
~hamoer.

(e Frst Shae!. At the intersection of the vertical exit ~3ant with e cylinder, a *y;- to
‘a-if. Rorizanta! crack had run around the shaft, except n (he end wall. About € -a. above this

n




intersection, there was a Yg,-in. crack on the wall facing GZ. On the walls toward and away
from G7, at about their mid-height, another fine crack was noted.

The hatch cover was deposited on the top of the sand in the filter chamber. The top climb-
ing rung was bent down by the hatch cover. No other damage was noted.

(1) Doors. With the exception of the emergency-cxit hatch cover, all doors were in place
and in good operating condition. The hardened grout under the bottom angles of the door frame
of the main blast door was blown in by the overpressure. This debris dented the large seal
door where it hit. The sheet-metal skin of the door was unbroken.

As in structure RAa, the hinge straps for the emergency-exit hatch cover were again bent
straight, and the cover was blown in and deposited as noted above., There was no damage to the
door operating mechanism.

(g) Ventilation. After the test the overpressure flap valve was found jammed in an open
position with no signs of structural damage. The manually oper.ted cxhaust valve was in its
preshot condition and, as in the other structures, the ventilator was sét on "Auf” (open) and
working with some leakage when set on “Zu” (closed) and turned rapidly.

The damage that resulted from the blast wave is shown in Figs. 3.61to 3.72.

3.1.6 Circular Concrete Shelter (Structure CAb)

(2) Entranceway. There was a 'y;-in. crack along the sloped portion of the entrance roof

slab. This crack started at the upper end of the slab and continued to a point located at the
contraction joint above the sixth riser from the bottom of the stairs. A ' -in. crack started at
the contraction joint and ran down the lower portion of the slab. The crack branched out into
two separate ’,“-in. c¢racks above the landing. A separation was present along the entire length
of the tntersection of the entrance roof slab and exterior wall; it varied from hairline to ', in.
in width. There was approximately |, in. of lateral movement of the entrance away {rom the
structure at the contraction joint. There was a ',-in. spalled area on each side of the con-
traction joint along the roof slab. The stairs had a crack located alonyg their center line rang-
ing in size from ‘“ in. at the seventh riser from the top to ' in. at the contraction joint. The
interior wall was separated from the stairs by a crack that started at the top riser as ' in.
wide and decreased to hairline in nature at the contraction joint. The separation of the exte-
rior wall from the stairs started at the top riser as a '(,-i~. crack and continued down to the
eleventh riser from the top, where it was hairline ir 2t7 .

The exterior wall had twou ', -in. cracks that were perpendicular tu the plane of the stairs
and were located above the eighth and ninth risers {rom the top. Several similar cracks were
located on the interior wall opposite the above-described cracks.

The cetiing and floor slab of the landing had longitudinal cracks that ran {rom the exte-
rior wall to points {ocated above and below the center line of the blazt door, respectively. The
sizes of the fluor and ruof slab cracks were hairiine and ', in. 1n width, respectively.

fhe crack patterns fur structure CAD are shown in Figs. 2.73 to .78

(b) Amteckambder, The cracks in the {loor and crown that were present in the {anding alco
continued into Ihe antechambe: with their samo widths. No transverse separations were evi-
dent tn this section of the structure.

o) Muew Chasber. Al the center line of the flour xlab in the main chamber, & ',-1n
longitudingl ¢rack started at the large gastight door and continued to the rear wall of the struc -
ture Ohis crack decreased to ' in. in width in the rvar portion of Ihe roont. The cracks i
the landing and artechamber are beligved ' be a continuation of this separativa. Several o=
transverse cracks were produced in the floor slab. The cmwn of the strycture had 2 ciach
similar to that found in the floor except [or the mize, which is Nairline,

The wall of the cylinder away frum G2 hat three hairline cracks. These cracks started at
the intersection of the cylinder and the floor slab and ran up to 2 point aboigt Jd dex from thw
ciown on the side away (rom G7

(4 Ear! Chaweher . No damage to the walls, {loor slabk or cxlinder w33 noted 1n this
chamber
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(e) Exit Shaft. ‘The below-ground portion of the shaft was undamaged. That part of the
shaft which extends above the surface had horizontal !,-in. cracks on the four faces of the
walle located 8 in. below the top of the shaft. The concrete around the hatch cover frame was
badly spalled.

The hatch ccver was deposited on the floor at the bottom of the pit below the shaft. The
sand at the rear of the filter was scooped out to a depth of approximately 1 ft and deposited on
the floor.

(1) Doors. With the exception of the emergency-exit hatch cover, all doors wer2 in place
and in good operating condltion. The hinge straps for the emergency-cxit hatch cover were
again bent straight, and the cover was blown in and depolited as noted. There was no damage to
the door oper~ting mechanisi. Again, the grout under the main blast door {rame had been blown
into the antechamber. However, as for structure CAa, the door was dented, but the sheet-metai
face was not torn.

(g) Ventilation. The overpressure flap valve was found in an open position after the test.
The manualiy operated exhaust valve was removed 8o that the exhaust pipe for the generator
could pass through the duct for the valve.

The results of the blast are shown in Figs. 3.76 to 3.81.

3.1.7 Rectangular Concrete Shelter (Structure RCa)

(a) Entrencesways. There was no physical damage to the ramp slab and only minor dam-
age to the interior and exterior retaining walls facing GZ. Several '(,-in. and hairline cracks
approximately 8 to § in. long were noted on the retaining walls. The contraction joints in the
walls located at the bottom of the ramp were opened 3, to ¥;; in., with Y to Y, in. of spalling
on the interior wall joint. At the top of the parapet wall by this joint, a piece 9 by 4 by 3 in.
deep was chipped out of the top of the parapet wall, and in the ramp slab a crack of from Y to
Yn In. was pregent. At the intersection of the exterior ramp wall and the ramp slab there was
a hairline crack extending approximately three-quarters of the way up the ramp.

A Yi¢-in. separation along the entire length of the contraction joint, located between the
parapet wall above the main structure roof slab adjacent to the landing, was observed.

The contraction joliat between the stairs and landing walls away from GZ was opened Y, in.
at the bottom and zero at the top. At the intersection of the stairs and the interior and exterior
retaining wzlls a hairline crack was opened the entire length of the stairs. As in the entrance
facing G2, 8- to 9-in.-long cracks ranging from '4, in. to hairline were found starting at the
upper edge of both walls. Spalling of !, to Y, in. on each side was also noted at the coniraction
joint between the shelter and interior stair retaining wall.

The parapet wall and the interior ramp retaining wall appeared to have been displaced
',.. in. inward at their respective intersections with the main structure.

The crack patterns for structure RCa are shown ir Figs. 3.82t .84,

{b) Antechamber. There was no damage to the walls of the antechamber, except that at
the corners formed by the various walls perpendicular to cne another (points A, B, and C,
Fig. 1.82) there were vertical hairline cracke the entire length of the intersection.

The floor slab had 2 ' y;-in. diagonal crack from the insiGe comer nearest GZ to the center
ol the chamber. Ths crack continued perpendicular ta the plane of the duor, termunating at the
center line of the main blast door. Twe other 'y, -in. -wide cracks, approximately § in long,
ran parallel to the rear wull

On the ruol slab there was a ', -in. lungitudinal crack running from approximately the
center line of the blast door to the rear wall. This crack ran through the lintel beam over the
main blast door and extended up the exterior face of the front wall te the comtraction ioint
Hairtine cracks at the intersection of the ~un! sla., with all walls were nated.

(e} Masn Chassder. DMhagonal cracks ' rting a« the center of the roof slab and extending
out toward the four cormers were abscrved .\ their origin these cracks were ', in ; they be-
came hairline in width at 6 in to 3 R away {rom their starting point. The intersection of the
haunch away from GZ and the maof slab had 2 hairline crack that continved arvund the rear
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wall of the main chamber at the roof slab. All interior joints between the walls had vertical
hadrline c.acks the full height of the wall, as shown by points D, E, and F, Fig. 3.82.

In the floor slab %,-in. Ajagonal cracks, similar to those in the roof slab, were formed.
Random longitudinal and transverse cracks, parallel to the front wall and the two walls per-
pendicular to the blast line, were also noted.

Located at the opening leading to the exit chamber, Y, -in. diagonal cncn were formed at
the corners of the opening nearest GZ,; at the other two corners there were hairline diagonal
cracks. No other cracking of the walls was noted.

(d) Exrt Chamber. Diagonal Y, -in. cracks, located at the four corners of the opening be-
tween the exit chamber and tunnel, were formed.

{e) Exit Tunnel and Shaft. The contraction joint between the emergency exit tunnel and the
main structure was opened ‘/,. in. Approximately 9 in. from the top of the joint on the side
away (rom GZ, a Yg-in. crack started in the wall of the main structure and continued up to the
roof siab at a 45 deg. angle. There was no apparent vertical displacement between the sections
on efther side of the joint.

(f) Doors. All doors, including the emergency-exit hatch cover, were in good operating
condition.

(g) Ventilation. The overpressure flap valve was found in an open position after the test.
The mechanical ventilator worked on “Auf” (open), but some leakage was noted on “2u"”
{closed).

The blast damage produced in structure RCa is shown in Figs. 3.85 to 3.91.

3.1.8 Rectangular Concrete Shelter (Structure RCb)

1a) Entrancenays, The ramp slab and its intersections with the intericr and exterior re-
taining walls showed no evidence of cracking. I each wall there were two cracks from Y, in.
to hairline in width, starting at the o7 of the wall and running vertically downward for 8to §
in. The contraction joints in the walls located at the bottom of the ramp were opened '3, to
',"“ in.

Along the entire length of the contraction joint located between the parapet wall above the
main structure and the roof slab there was a separation of from Y, in. to hairline. Al the
upper corner (away {rom GZ) of the grouted door anchorage recess, there was a hairline crack
that ran diagonally up the face of the wall to the above contraction joint. The grouwt in the an-
chor recess was loose and could be moved slightly.

The contraction joini between the stairs and the landing retaining walls away {rom G2
was opened '4; to '4, in. There were no cracks at the intergection of the stairs with either
the interior or exterior retai ng walls. In the interior stair retaining wall there were five
vertical hairline cracks some 8 to 9 in. long. These cracks started at the top of the wal! above
the fifth, seventh, tenth, thirteent), and fifteenth treads [rom the buttom of the stairs. [n the
exterior ramp retairing wall there were three '(,-in. to hairline cracks starting at the top of
the wall abuve the sixth, eighth, and tenth treads.

The crack patterns for structure RCh are shown in Figs. 382 to 3. 94

(b) Amtcchambder. The rear wall »f the antechamber had & vertical hairline crack from
the ruof to the fioor slab. TAs crack was located about coe-third the distance from the wall
nearest GZ to the maln chamber and is indicated by point C, Fig. 1. 92 Parallel to this crack,
and about 6 in {arther from GZ, was ancther $-ia -long Aairline cruck extending down from
the roof slab. Al the corners formed by the wall nearest GT and the two adjoiring walls {points
Aand 1, Fig 130, vertical hairline cracks the entire length of the corner were found.

There were no cracks in the four slab

On the roof slab the only crack to be seen was 2 Rairiice crack which started at the conter
line of the liniel beam orer the blast door, ran up to the txf sladb and continued around at the
itersection of the roof slab and  arioug walls to the main chambe-

¢ Maix Chamber. On the roof slab there were two trinsrerse Aairiior cracks The first
crack originated at the center of the survey point X-7 and ran about 3 1t toward the wall near-
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est GZ. There it split, one branch continuing transverse to about 6 in. from the top of the
haunch and the other branch running on a diagonal toward the rear of the structure to the top
of the haunch. On the side of the survey point away from: G7, the crack continued to the top of
the haunch and down the haunch to the top of the wall. A ! ..y .. the haunch the crack had
two additional branches that ran diagonally down the haunch to the top of the wail.

The second transverse crack was parallel to the main branch of the above -desc ribed
crack but 1', ft nearer the front wall of the structure. It ran {rom the bottom of the haunch
on the stde away from GZ to about 1', ft away from the top of the haunch un the opposite wall;
there it split, with buth branches running diagonally to the top of the haunch nearest the en-
trance to the antechamber. Another diagonal crack branched from the main transverse siem
and ran toward the cormer formed by the front wall and the wall away from GZ. It stopped at
the top of the haunch and continued along the intersection of the top of the haunch and roof slab
to the rear corner. Another crack ran along the intersection of the roof slab and the rear wall,

A longitudinal crack, perpendicular to, and originating at, the center of the forward trans-
verse crack, -an to the {ront wall of the structure. There it intersected a crack along the cor-
ner formed by the front wall and the roof slab. At all interior corners in the main chamber
there were vertical cracks running the full height of the wali (points D, E, and F, Fig. 3.92).
These cracks, as well as all others in the ruof slab, were hairline in width.

In the floor slab there were random transverse longitudinai and diagonal cracks. A longi-
tudinal '(,-in. crack started at approximately the center point of the floor and terminated about
3 ft away from the rear wall. Perpend‘cular to this crack at its origin was a ', -1. transverse
crack, which ran to the base of the wall toward GZ. It extended about 1 ft past the longitudinal
crack toward the wall away from GZ. A ',-in. longitudinal crack 2'4 ft long ran parallel to,
and about 1 {t away {rom, the wail nearest GZ at the entrance end of the wall.

Parallel to the wall away from GZ, at about its center, there were three ', -in. -wide
cracks about 2 ft long. There were a number of '(,-in diagonal cracks which ran toward the
corner formed by the wall away from GZ and the rear wall at a point about 4 ft out from either
wall.

Near the corner formed by the front wall and the wall away {rom GZ there was a ! ,-in.
crack parallel to the front wall. From this transverse crack there were two short longitudinal
cracks which branched off perpendicular and ran toward the front wall.

(d) Evgt Chambder. Dlagonal cracks were formed at the corners of all the openings in the
wall. No structural damage was vbserved in i roof and floor slab of the ~dt chamber.

(€) ket Tunnel and Shar!. The contraction joint between the energency-exit tunnel and
the matn structure had a hatrline crack contingous around the walls, roof, and floor slab.
There was no apparent vertical movement of the joint,

i Doars.  All doors, including the emergency -exit hateh cover, were in guod vperating
condition.

tg) Venttlation, The overpressyre flap valve was found in an open position after the test.
The mechanical ventilator worked on “Aut” topenl, ul some leakage was noted on " Zu”
telosed)

The biast results are shown in Figs 3 950 3 948

313 Rectanguiar Concrete Shelter 1 Mructure RCo

‘3 Fubrasicusts. Cracks were not formed 1 the ramp slab or at its intersections with
either wall in the ertrance lacing GZ. The interior zamp wall had two vertical ' ,-in ¢ racks
starting at the top of the wall and running approsimately 1 0t toward the ramp They were -
“ated nud-way o the sloged portion of the extrance N cracks wore apparent in the exivrior
wall The vontraction jojrts at the butt »m of ths ramp were open approximately ‘:,; in

The cant alove the noct siab runcing the full length of the landing was separated. arying
in size {rom hairiine at the entrance away {from GZ7 o *  in abvne the blast door

One vertical rrack was presert in the interior stair watl facing away from G7 The com-
traction juants 3t the battom of the stairs were open sy t0
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The crack patterns for structure RCc are shown in Figs. 3.99 to 3.101.

(b) Antechamber,  No cracks were apparent in the walls, roof, or {loor slab of the ante-
chamber.

(c) Main Chamber. The roof slab had hairline cracks along its intersection with the
haunch on both longitudinal walls. The rear wall and roof slab intersection had a ', ,-in. sepa-
ration on the GZ half of the structure. Both rear corners of the main chamber had vertical
hairline c¢racks the full height of the wall, as indicated by points A and B, Fig. 3.99. Numeruus
longitudinal ',,-in. cracks were located in the floor slab near the wall facing GZ. There were
several additional ',-in. cracks at the center of the fivor slab.

(d) Exét Chambher.  As in the case of structures RCa and RCb, short diagonal hairline
cracks were formed at the corners of the openings in the walls. No damage could be observed
in the roof and floor slab,

(e} Exit Tunne!l und Shart, A hairline crack was formed around the contraction joint be-
tween the main structure and the tunnel. No vertical movement was observed 1n the tunnel.

{0 Doors.  All doors, including the emergency-exit hatch cover, were in operating condi-
tion after the test.

(g) Ventilation. The overpressure flap valve was found in a closed position after the test.
The mechanical ventilation worked on “Auf” (upen), but some leakage was observed in the “Zu”
(closed) position.

3.2 INSTRUMENTATION TEST RESULTS

3.2.1 U. S. Pressure Instrumentation

The peak results of the pressure instrumentation provided by the FCDA and evaluated by
members of Project 30.5¢, are shown in Tables 3 1 to 3.4 The pressure-'ime curves lor the
instrumentation provided in the structures are shown in Figs. 3.132 to 3.108.

The resulls uf the peak measurements uf the blast-line pressure ;nstrumentation located
between structure RAa and 2667 yd frum GZ are tabulated in Tables 3.3 and 3.6 and are shown
in Fig. 1.4, In addition to the tabulated peak-pressure data as ind.cated above, the pressure-
distance curves {or peak side-on and corrected aynamic pressures that resulted along the
biast line are givenin Fig. 3. 106. The pressure-time curves [or the self-recording dynamic
pressure gauges located at 500, 863, 98!, and 1135 yd {ron: GZ are indicated i Fig. 3. 107
The delinitions of the ordinate symbols for Figs. 3.105 and 3.107 are as follows:

Apy’  tutal head pressure as measured

Ap’  side-on pressure as measured
q) dynamic pressure as measured
qQ% - dynamic pressure icorrected.
M*  Mach number

Figure 3. 108 indicates the pressure -time curves for the electronic tncident air -pressure
(Wiancke! gauges that were located at 180, 300, 333 and 392 yd Irom GZ and the self -recording
incident-pressure gauges at 280, 300, and 392 yd trom GZ  The average pressyre at the par-

ficular distance from G7 is ac noted on the curve Pressurce-time curves for the sell -recording

incident -pressure gauges locaten at distacocs of 300, 883 981, 113% 1292, 1385, 1480, 1893
2000, and 2867 vd from GZ are given in Fig 1 109

The pressure results nitained {rom the ‘est are more fully defined by Project 30 3¢, re-
port WT-153¢

312 German Pressure lnstrumentatiom

The results f the pressyfs measarements obtained {rom the five German gauges located
reat the blast line are summartied iz Tabie 17 A full description of (he resulls of these in-
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struments is given by Project 30.5¢ 1n repor: WT-1536. Figures 3.110to 3.116 show the con-
dition of these gauges after recovery from heir field locations.

3.2.3 Sructural Response

The blast results of the structural-response equipment, as given in Table 2.1, are as indi-
cated in Tables 3.8 to 3.10. No reliable data were obtained {rom the deflection gauges. Owing
to the small magnitude of the deflections, the gauges themselves produced large errors. Fig-
ures 3.117 and 3.118 show the strain-time and acceleration-time curves, respectively, for the
gauges within structures RAb and CAa. The complete results of the deflection, acceleration,
and SR-4 strain gauges are given by Project 30.5¢c, report WT-1536.

3.2.4 Radiation Instrumentation

The results of the gamma film dosimeters are given in Figs. 3.119 to 3.121. The values
of the radiation dosages as given in these figures are average values of several dosimeters
located near the indicated values. These values indicate the total gamma-radiation dosage ac -
cumulated over an approximate 52-hr period. The total dose-distance curve for the gamma
fiim dosimeters located along the blast line is given in Fig. 3.122. Table 3.11 indicates the
results obtained by Project 39.1 from gamma-radiation chemical dosimeters placed along the
blast line.

Three of the four sulfur and gold detectors placed in the German structures (Fig. 2.13)
gave reliable results. In structure RAc, detector No. 170 gave readings of 3.362 » 10’ and
2.317 = 10% for the sulfur and gold-cadmium difference, respectively. In the exit chamber of
the same structure detector No. 171 gave readings of 1.103 x 10* and 7.421 = 10*. Of the two
detectors placed in structure CAb only No. 173 was recovered. The readings obtained from
this detector were 2.295 x 10" and 7.147 x 10'!. Ail readings are given in reutrons pcr square
centimeter.

The results are fully defined by Projects 39.1, 39.1a, and 39.9 in reports WT-1500, WT-
14668, and WT-1509, respectively.

3.3 GROUND SROCK SPECTRA

Peak-displacement responses to shock of single-degree-of-freedom systems (recd
gauges) of various natural frequencies are presented in Table 3.12 for shots Smoky, Whitney,
Galileo, Charleston, and Stokes  As this table indicates, peak displacement of reed gavges of
known frequencies was recorded near the surface in the free-field and in a shelter (structure
RAc).

These records show that the hor:zoeta] iradial) measurements are generally less than
one -half the vertical measurements. The horizontal displavements recorded in the shelter are
approximately the same as those for the [ree-fleld gauges adjacent to the structure. However,
the vertical displacements in the sacliter were cunsiderably less than the free-field measure-
ments, indicaiing attenuations in the vertical direction. {1 all casers Nigh accelerations are
associated with Ngh {requencies, and high displacements are assocliated with low {requencies.

Figures 3.12) and Y. 124 are plats of vertical (Fig. 3.12Y and Morizarcal (Fig. 3.124) dis-
placements vs. frequency recorded atl shots Smoky, Whitney. and Galiley for near -surtace
free-field values and values recorded inside the shelter during shnt Smoky. This plut indicates
that the data follow & consistent pattern.

34 ACCELERATION TEST

The results of the acceleration test, or Eraciite exprerinent. which are demigned to in-
vestigate the transmission of structyral acceloration ' = 7 - hiscks, indicated that acceleration
was reduced by a factor of )

The peak acceteration and defllection values o Fin Tabie ¥ !5 3 gure 3129 in-
dicates the accelerativn-time 35d displacement -time .. -v- -Stgime
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3.! BIOLOGICAL TEST RESULTS

3.5.1 Environmental Test of Mice

(a) General. The mice were recovered {rom the seven structures two days after the tesi.

Upon recovery and examination of the mice, 1f death had occurred, the body and spleen
~eights 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 weigh:
for each group and dividing by the number in the group.

(b) Mortality. The immediate mortality of the mice was confined to structure CAb. All
the mice were found dead upon recovery. The cause of death was attributed to carbon monoxide
polsoning produced by the gasoline gunerator that operated the air sampler. The cause of
death was determined by a pathologist.

The iocation, number, time of recovery after the test, and time of death >{ the mice that
died between their recovery and 20 days after the test are given in Table 3.14. The table also
incjudes the 20 mice of structure CAb.

3.5.2 Dust-accumuiation Test

(a) General. The experimental sticky-paper trays were recovered from the structures
two days after the test. Table 3.15 indicates the type of collector and the times of exposure
and recovery.

(b) Paired Sticky-paper Collecturs (Type B). After recovery of the type B coilectors, the
transparent paper was stripped {rom the trays. At this time they were inspected and photo-
graphed.

Inspection and photographing of the samples revealed a definite variation in size and
number of gross particles captured during the tesx in relation to the location from GZ of the
various structures of the RA type. This variation, a decrease of particle size and number as
the distance of the structure increased (rom GZ, is indicated in the experimental collector re-
sults shown in Figs. 3.126 to 3.139. Figure 3.130 {s a photograph of a typical laborztory con-
trol collector before exposure to contzamination.

Inspection of the trays revealed considerable amounts of very [ine dust which was not
evident {rom the photographs of the collectors of strucztures RAb, RAc, and RAd. The pres-
ence in the structures of this dust, which differed {rom the preshot contamination of the shel-
ters, after the lest was Delteved to be attributed to the fact that all conventional means of
entrance remained alrtight after the biast. In addition to the above -described source of the
dust, small amounts of similar fine dust were found in the ventilation equipment when it was
removed after the test.

The sticky-paper trays that were recovered {rom the RC structures produced minimum
results. The variation, 28 cl2arly defined in the RA structures, was not Nilly evident in these
structures. The photographic resul's of the type B collectors cf the RC structures are shown
in Figs. 3.131 t0 3. 132

In the CA structures (he variation of particie size and number, similac to that which uc-
curred in the RA struciures, cleariy defined the location of the structures from GZ. Even
though structure CAD was vracuum cleaned before the test, shereas structure CAa remained in
its preshot condition, more hard concrete particles were found on the trays of the latter struc-
ture than were fouad in the former structure. The phclog raphic data obtained from the CA
siructures are shown in Figs. 3 1M and 3138,

{c) Samgle Shcky -puprr Tupe ) wmd Strcky crevinm (Tipe D) (dlestors. Upoa recovery of
the type C and D collectors, the tray contents were illuminsted with ultraviolet light The ea-
posure to the light revealed no fluorescent particies The trays were then placed over a
beaker of Mot glycerine to activate the (luoresrert dye Upoe reesamination of the trays yndor
an uitraviotet light. small Nleorescent particles twcame vigibie o the naked eye These parti-
cles varied in nymbwr from 0 to 30 for the vartims structures tested The structures farther
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away from GZ indicated more fluorescent particles on the trays than those structures closer
to the detonation. R has been theorized that this phenomenon may have resulted jrom the
thinner thickness of the members and earth cover of the structures farther away.

(d) Air-sampler Collector (Type E). Unfortunately the sampler was not in operation dur-
ing the test. From the condition of the structure after the test, it appears that the air supply
for the gasoline generator was insulficie': Therefore no results could be pbtained {rom the
test,




TABLE 3.1—CARLSON EARTH-PRESSURE
SAUGE MEASUREMENTS

Gauge Peak value,
Kructure No. pst Remarks
RAD P-1 1¢7.0 Good record
P-2 2140 Good recourd
P-3 Bad record
P-4 14.0 Good record
».s 240.0 Good record
CAa P-1 133.0 Good record
P-2 2820 Poor record
P-3 8.0 G- d record
P-4 22.0 Good record
RCe P-1 12.6 Good record
pP-2 16.6 Good record
pP-3 11.3 Good record
P-4 139 Good record
P-5 No record

TABLE 3.2 — WIANCKO AIR-PRESSURE GAUGE

MEASUREMENTS
Gauge Peak value,
structure No. (w1} Remarks
RAN m-1 1250 Good record
Pt-2 Poor record
Pt-3 1400 Good recsrd
P-4 163 0 Gaod record
CAa Pe-1 Questivaable record
Pe-2 3.0 Poor revord
Pt-3 Que sti-asdle recor !
XCa -1 iz.¢ Geod tovord
Pr-2 Questicaable record
[ B ] 19.0 Good record
P-4 104 Gmnd record

»




TABLE 3.3~ ELECTRONIC AND SELF-RECORDING
DYNAMIC PRESSURE GAUGE MEASUREMENTS

Gavge Peak value,

Structure No.* psi Remarks

RA2 g No records: gauge
Qw nose 30 ft from mount

RA% Q (D) 230.0 Gond record
Q9 Poor record

RAc M Questicnable record
Q) 181.3 Poor record

RAd Q(T) 79.0 Questionabie record
e® 16.5 Questionable record

RCa Q (D) No record
Q(S) 134 Good record

RCY QM 22.0 Poor records: gauges
Qs 17.1 stopped

RCe Qm 8.1 Poor record
g () 7.8 Poor record

*Q, electronic gauge; §, self-recording gauge; (T), total pres-
sure = wide-on plus dyrnamic; (8), side-on; (D), dynamic.

TABLE 3.4— BRL SELF-RECORDING PRESSURE
GAUGE MEASUREMENTS

Gauge Peak value,

Structure No. psi Remarks
RAu P 155.0 Good record
B-2 No record
P-a No pressure
P-4 28.2 Pesk pressure
P-s 96.0 Good record
B-s 195.0 Good record
P-7 190.0 Good record
RAb -1 143.0 Good record
P-2 8.5 Peak pressure
P.s 2.15 Good record
P-4 12,6 Good record
3-5 68.0 Good record
o} 280.0 Good recnrd
B.7 245.0 Good record
P-a 110.0 Good record
P-9 1%0.0 Good record
RAe P-1 78.0 Good record
K2 2.2 Peak preseure
D3 1.7 Good record
P-4 4.3 Goced record
8.5 ns Good record
P-s £50.0 Cood record
P-7 110.9 Good record
vLP-17 0.2 Pesk pressure
RAd B $0.0 Good record
P-4 14.1 Good record
r-s 2.0 Good record
F.q 112.0 Good record
P17 70.0 Good record
o0
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TABLE 3.4— (Continued)

Gauge Peak value,
No. pel Remarks
Pa 107.0 Good record
P-2 96.0 Good record
P-3 No pressure inside
P-4 3.0 Peak pressure
P-s 62.0 Good record
CAb P-1 104.0 Good record
P-2 100.0 Geod record
P-3 No record
P-4 1.9 Good record
B-5 60.0 Good record
VLP 0.19 Good record
RCa P-1 17.0 Good record
p-2 0.87 Questionable record
P-3 No record
P-4 0.44 Questionable record
P-5 21,8 Good record
P-¢ 17.5 Good record
RCH P-1 4.8 Good record
P-2 No record
P-3 1.9 Good record
P-4 0.3 Peak pressure
P-5 20.0 Good record
P-s 10.5 Good record
2Cc P-1 71 Good record
P-3 1.7 Good record
P-5 16.0 Good record
P-s 5.2 Good record
81




TABLE 3.5— BLAST-LINE MEASUREMENTS 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
336 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-
distance curve
872 Electronic 18.2 Peak only
German 18.2, 227 Peak pressure
810 11.5 From pressure-
distance curve
863 Self-recording 8.8 Good record
German 11.5, 14.2 Peak pressure
981 Self-recording 10.4 Good record
1135 Seli-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

.

TABLE 3.6— BLAST-LINE MEASUREMENTS
OF PEAK DYNAMIC PRESSURE

Max. dynamic
pressure*
Distance from (corrected),
Structure GZ, vd psi

RAa 280 360.0
RAD and CAs 300 320.0
RAc and CAb 335 280.0
RAd 392 230.0
RCa 590 74.0
RCb 810 28,9
RCc 1440 1.5

* Taken from Fig. 3.106.
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TABLE 3.8—SCRATCH-GAUGE MEASUREMENTS

Angle of Length Deflection
gauge to  of scratch,. of member,
Gauge No. Member member in. in.
b-1 Roof 49° 0.07 0.053
D-2 Floor 49° 0.10 0.076
b-3 Wall 68° 0.08 0.075
D-4 Door 63 0.46°

* Includes thickness of rubber gasket,

TABLE 3,9—ACCELERATION GAUGE MEASUREMENTS

Gauge Peak value,

Structure No. g* Remarks
RAb A-1 -14.5 Good record
+8.5
CAa A-1 -11.5 Good record
+9.5
RCa A-1 +1.6 Questionable record

* Upward direction is (+).

TABLE 3.10—SR-4 STRAIN-GAUGE MEASUREMENTS

Gauge Peak values,
Structure No. (n./1n.) x 107% Remarks
RAh §-1 +0.33 Good record
-0.04
§-2 -0.38 Good record
§-3 -0.80 Good record
S-4 +1.80 Good record
-1.50
CAa S-1 -0.46 Partial record
RCa S-1 No record
§-2 No record
$-3 Questionable record

¢ Positive (+) = tension; negative (-) = compression.

-
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TABLE 3.11— BLAST-LINE GOAL-POST DATA®
Slant range
Range, yd (D), yd D! Dose, ¢ RD?
400 466 Lost
€00 649 Lost
800 841 Lost
1000 1034 Lost
1200 1229 1.51 x 10 2870 433 x 10
140¢ 1426 2.03 x 10' 2238 4.5 x 10
1500 1825 2.33 x 10* 1700 3.96 x 10’
1600 1623 2.63 % 10* 1480 3.89 x 10’
1700 1122 2.97 x 10 1420 4.22 x 10"
1800 1821 3.32 x 1ot 1180 3.82 x 10
1900 1920 3.89 x 10 1328 4.39 x 10°
2000 2019 4.08 x 10" 1000 +.08 % 10°
* Not plotted, results contaminated by fallout, recovery D + 3
days.
TABLE 3.12— DISPLACEMENT SHOCK SPECTRUM
Radial direction® Vertical direction®
f, D. f, D. i D, f, D,
cycles/sec in. cycles/sec in. cycles/sec in. cycles/sec in.
Shot Stokes, surface, 33-psi overpressure
Gauge 1 Gauge 3 Gauge 2 Gauge 4
2.56 2.66 0.199 2.56 0.710 274 0.5i6
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 32.4 0.0633
90.0 0.0231 92.0 0.0074 $0.0 0.0385 a0 0.056¢
1M 0.0056 132 0.0018 131 0.0128 113 0.0309
184 0.0121 176 0.0017 179 0 008n 185 ¢ o154
228 0.0027 224 0.0020 209 0.0030 220 0.0088
269 0.0065 219 268 0.0027 265 0.0026
339 312 303 0.0033 293 0.0012
Shot Smoky, inside shelter, 116-pel overpressure
Gauge § Gauge 6
2.12 »28 .5 1.62
| I x4 0.453 %12 0.9%06
23 0.113 F AN 0.338
h % ] 0.0431 3To 0.0744
950 0.0185 .0 0.0187
138 0.0101 13 0.0099
i 0.009% 108 0.00M
M 0.0041 Me 0.0051}
18 9.0022 180 0 0oys
298 0.0031 361 0.0032




TABLE 3.12— (Continued)

Radial direction® Vertical direction®
{. D, f. D, f, D, f, D,
cycles/oer in. cycles/sec in. cycles/sec in. cvcles/sac in.
Shot Smoky, surface, 116-pei overpressure
Gauge 9 Gauge 7 Gauge 8
2.8% 1.98 2.80 5.45 2.9 4.53
9.12 0.389 8.58 1.82 8.82 1.48
22.4 0.189 2.4 0.845 22.6 0.825
33.9 0.131 374 0.254 3.1 0.208
9.0 0.0227 91.0 0.132 93.0 0.103
107 0.0149 132 0.0873 137 0.0450
18} 0.0107 187 0.0221 180 0.0199
203 0.0042 238 0.0106 236 0.0122
293 0.0058 280 0.0112 294 0.0055
as? 0.0027 338 0.0086 328 0.0068
Shot Gu.ileo, surface, 130-psi overpressure
Gauge 11 Gauge 10 Gaugr 12
2.38 0.653 2.48 {.10 2.47 4.28
8.63 0.377 n.26 0.946 8.23 1.22
22.5 0.184 22.7 J. 220 21.0 0478
36.5 0.0433 371 0.314 3s.0 0.280
$5.0 0.0349 4.0 0.149 94.0 0.121
138 0.0184 138 0.044!) 138 0.0287
186 0.0103 187 0.0446 178 0.0442
2n 0 0032 2 0.0098 129 0.9161
294 0.0046 2712 0.02338 300 0.0121
7 €.0029 3eS 0.00468 h 0.0053
Shot Whitney, surface, 145-psl overpressure
Gauge 4t Gauge 3
2.74 1.60 2. 68 310
965 0.280 887 1.47
204 0.11% 222 0.7T88
2 0. 083 36.% 0.8
56 0 o.0187 2.9 8.l41
I ¢.011s 132 0.0992
135 0 .CO8s 176 0.0402
120 0.0064 £ o 0.00%0
289 0 0036 284 0 o182
314 [ 13 ] 3% ¢ 0080




B ke 2

. A

TABLE 3.12 — (Continued)

ke

Re Mal direction® Vertical direction®
f, D, 1, D, t, D, f,
cycles/sec in. cycles/sec in. cycles/sec in. cycles/sec

D,
in.

Shot Charleston, surface}

Gauge § Gauge 9 Gauge €
{20-psi overpressure) (18-pei overpressure) (20-pel overpressure)

2.1 0.263 2.58 0.268 2.5
2.37 o.111 9.12 0.0838 8.72 0.280
¥ ] 0.0900 2.4 ©.0891 1.9 0.221
39 0.0404 338 37.0
95.0 0.0190 93.0 0.0096 92.0 0.0246
138 0.0100 107 0.0050 138 0.0093
14 0.0014 181 0.0023 185 0.0082
2 0.0030 203 0.0020 246 0.0023
288 0.0026 293 0.0019 280 0.0023
298 0.0020 57 0.0009 363 0.0007
Gauge 11 Cauge 10
{(15-pet overpressure) (15~-psi overpressure)
238 0.879 2.48 0.407
8.63 0.262 8.2¢ 0.163
22.8 0.198 2.7 0.072¢
365 0.0804 3Tl 0.0231
95.0 0.0248 9.0
138 0.0033 138
188 0.0020 187
m 0.0019 234
4 0.0011 n2
17 0.0007 h L) ©.0008

Gauge 8
(18-ps! overpressure)
2.53 0.728
8.82 0.368
226 0.194
Tt 0.082A
93.0 0.0209
137 0.0048
180 0.0025
238 0.0015
294 0.001S
328 0.0016
Gauge 12
(12-psl overpressure)
2.47 0.492
.23 0177
1.0 e,
5.0 0.0788
94.0 0.0193
13¢ o0.o101
178 0.0053
229 0.0008
300
33 0.0006

*f, natursl frequency; D, peak dieplacoment

1 Canistar tope were about 18 in. delow grouad le el ia hard ground. Two other gauges bolted to
coactele pads in the same vicially wore haoched loces and the dats were lost.

1 Tangential direction for gauge T {20-pei overpressure) lasignificant Raplacement.

"




TABLE 3.13— ENSOLITE EXPERIMENT DATA (STRUCTURE RAc)

Direction
Locstion of Gauge
of gauge measurement Measurement No. Moximum value®
Boot (2-in. Ensolite) Vertical Acceleration A-1 llg
-1
Beot (coacrete floor) Vertical Acceleration A-2 +98 ¢
-3.2¢
Boot (1Y%-in. Enscitte)  Verticsl Acceleration A-3 “3Tg
-1.3g
Concrete Floor Verticsl Acceleration A-4 -66¢g
“8g
Concrete Floor Hortzontal Accelerstion A-3 220 g
-l8¢g
Boot (1%;-1a. Ensolite)  Vertical Deflection D-1 ~1.Sin.
*+N.6S in.

* Horizonta! positive (+) acceleration- movement of Noor slab towsrd GZ. Vertical
positive (*) acceleration— movement of floor slad upward.

TABLE ).14 — MORTALITY RESULTS OF BIOLOGICAL TEST

Time of recovery,

Structure days aftar the test Number and time of death
RAs 2 { on | day after recovery;
1oa l¢ davs aftar recovery
RAc 2 Nons
RAd F Noas
CAbd 3 230 tmiore rocovery
RCa 2 Noas
RCY 2 Noaw
2 Mose

RCe
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TABLE ).15— EXPOSURE AND RECOVERY OF DUST COLLECTORS® 1
Day exposed or recovered
Dust firal :::9:‘ eation Control collectors Experimental collectors
Nructure collector of structure Exposed Recovered Exposed Racovered
RAs 3 D-1 D-14 D-13 D-3 De2
¢ D-3 D2
D D-3 D2
RAD B D-1 D-14 D-13 D-3 D+2
RAc¢ B D-1 D-14 D-13 D-1 D+2
B D-3 D-1
RAd B D-1 D-14 D-13 D-3 D+2
C D-3 D2
D D-3 D+2
ChAa B D-1 D-14 D-13 D-3 De2
CAb B -1 D-i4 D-13 D-1 D2
c D-1 Dol
D D-1 D2
E D-1 D+12
RCa ] D-1 D-14 D-13 D-1 D2
B D-3 D-1
ROy B D-1 D-14 D-13 D-1 D+2
c D-1 D2 {
D D-1 D+2
RCe ] D-1 D-14 D-13 D-1 2
] D-3 D-1

e e e e ma im e . *

*D-, days before test; D », duys after tost.
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Fig. 3.4—Floor slab of main chamber looking toward the main entrance (structure RAa).
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Fig. 3.5—Floor slab of main chember looking toward the emergency exit (structure RAa).
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Fig. ".7—Bottom of emergency-exit shaft (structure RAa). Note debris and sand bags in shaft.

93




Fig. 3.8—Landing floor slab looking toward GZ (structure RAa). Note debris at bottom of ramp
before cleaning.

(structure RAa).

Fig. 1.9==Crachs along center of landing rcof slab and at intersection with exterior wall
94
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Fig. 3.10—Looking up stairs away from GZ (structure RAa).

Fig. 3.11—Cracks in parapet wall and end of landing roof slab at entrance facing away from
GZ (structure RAa).
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Fig. 3.12— Details of separations between ramp slab and interior and exterior walls facing
toward GZ (structure RAa).

F1g. 1.13——Blast damage to ramp walls of entrance facing GZ (structure RAa).
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Fig. 3.14—Blast damage of parapet wall, exterior wail, and ramp on entrance facing toward
GZ (structure RAa).

Fig. 1.15~—08last damage at intersection of inter:or wall and parapet wall facing towand C2.
(structure RAg).




Fig. .16 —Detasil of cracks and spalled and !aminated area in interior wall at contraction
joint at entrance fscine toward GZ (structure RAa).

Feg. V17— Dwtas! of cracs st intetrectiom of esterior weli srd parepet wei! facing “owand GJ
(ttra ture RAQ)

r
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Fig. 1. 18— Detail of neched-down reinforcement at intersection of exterior wall and parapet
wall fa. ag toward GZ (structure RAa).

Fig 10— Detar! of creck st acemectaan of atet:a wal! dned parapet wai! foc ing towssd O

Lt ture R A5,
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Fig. 3.20— Detai! of neched-down reinforcement tom from pacrapet at interior wall (stucture
RAs).

Fig ¥ 21— Dwta:l of necaed-domn e aforxement tuen from atesior wail ot parapet (rerec tore
RAa:.
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Fig. 3.22~Detail of exposed teinforcement after chipping at cormer of interior wall and
perspet {scing toward GZ (structure RAa).

F.g. 1.0 Abore-groumd portioa of vewt:#t.on thaft grad ma:a entrgace (rtrumcture RAg -

10




Fig. V. T4‘“fmerg¢.~xy-cut tha® (stewug tree RA .
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Fig. 3.28=—Cracks in floor slab of main chamber, looking toward main entrance (structure
RAb).

Fig. 3.20—Cracks, strain-gauge recess, and survey point in roof slab of main chamber
(structure RAb).
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Fig. 1.31=—Close-up of strain gauge 1n side wa!l of main chamber (structure RAb).
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Fig. 1.34—Floor-siab crack pattem (structure RAc).
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Fig. 3.146=—Floor of main chamber {structure RAc).

CHIPPED OUTY

Fig. V.37 "= Forwanrd wect:on .. man chamber, indcating geners! location of chipped-out
ares tructuee RAC).
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Fig. 3.38—Over-sll view of chipped-out section with associsted crack psttem (structure RAc).

Fig V19— Dueail ot end of chipped-omt secticon facing towand the my.n Intrence (st tsre
RAc).
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Fig. 1.40— Deta:l of end of chipped-out section fscing towand the main entrance (structure
RAc).

Fig 141 —Deta:l of end of ch.pped-out wxtion facing towend the emergency 21" (itractuse
RAc)
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Fig. 3.42— Deta:! of end of chipped-out section facing toward the emergency exit (structure
RAc).

Fig. *.4¥—=Crachks in roof slab of main chamber (rtructuce RACH
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Fig. 3.44-—Bottom of emergency-exit shaft (structure RA¢). Note debrs and sandbags in
shaft.

P

Fig. 1.45—Crachks in roof 1lab cver landing, locking seay from G (sorvmtuey RAC L
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Fig. 1.46-—Lookiug up fiairs (acing away from GZ, thowiag
separstions between stain and interior and entrance walls
(structure RAc).

Fig 4" Lovi.mg down entrance facing swdy frem G, howmg
JEBCAt Setweex pArapet mall snd 1aterior aad caterwor well:

Lrema taee RAC:
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¥ig. 5.48—Detail of cracks at irtersection of parapet wall z- 1
irterior wal! and entrance facing away from GZ (structure RAc).

Fig. 3.49——Looking up entrance toward GZ, after cleaning
(structure RAc).
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Fig. 3.50—Looking down entrance toward GZ, showing separation of parapet wall from
interior s d exterior walls and bowing of ramp wall (structure RAc).

Fig. 3.01— Detail of separation between interior wall and parapet wall of entrance facing
toward GZ (structure RAc).
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Fig. 3.53—Detail of exposed portion of ventilation shaft after cover was removed (structure
RAc).
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Fig. 3.57— Above-ground portion of ventilation shaft and mair e+rrance (structure RAd).

131




H
gl
3 ehﬁ

i

-t

r-

.....

_____

.....

WAL

wmrea

i

J
[ 1% _
| WENE—

N,
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Fig. 3.60— Entrance crack pattem (structure CAa).

i
:
E
(L

131!5

g:;sgj

bif

i

Fig. 3.59— Floor-slab crack pattem (structure CAa).




T W— YT T T T T T ——m——

Fig. 1.62—Detai! of end of chipped-out section {acing toward the emergency exit (structure
CAal
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Fig. 3.63—Detail of end of chipped-out section facing toward the main entrance (structure
CAan).

Fig. 1.64—Crack in the main chamber st approximately the centes of the side lacing toward
GZ (structure CAas).
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Fig. 3.65—Crack in side of main chamber facing away from GZ (between displacement gauge
tie point and Carlsen gauge) (structure CAa).

Fig. Lov—Detai! of crechk in center of ceiling (structure CAs).
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Fig. 3.67—Emergency-exit shaft from chamber between small blast and gastight doors
(stzucture CAa).

Fig. ".°7 — Finergenc ~exit shaft {structute CAak Note bent climing rungs sod sreightened
hinge strap.
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Fig. 1.65—Ia-place detail of open antidlast {lap valve (suructure CAa).

':‘4 300 Ieta:!l of epua EIHEE on mgin Sl Joor etru ture CAgl.
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Fig. 3.71—Looking up stairs facing away from GZ (structure CAa). Note crack rurning up
stairs and separation of construction joint.

Fig. 3.72~"Above -gtound portion of main entrance and emergency-exit shaft (structure CAs).
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Fig. 3.76=Side of main chamber facing toward GZ (structure CAb). Note cracks by survey
point X-4 and horizontal cold joint.

Fig. 1.77—Side of chamber facing away from GZ (structure CAb). Note rurvey point X-8,
cracks, and horizonual cold joint.
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Fig. 3.78—Looking into emergency-exit shaft from chamber between small blast and gastight
doors (structure CAb). Note climbing rungs deformed by blown-in match cover.

Fig. 3.7%—Emergency -eait thaft (structure CAD). Note beat citmbing rungs and straightened
hinge streps.
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Fig. 3.80—Looking up stairs facing away from GZ (structure CAbJ. Note crack running up
stgirs.

Fig. 1.0l — Adove-ground portwa of mein entrance and emergency-exit thalt (mructure CAD).
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Fig. 3.85~=Cracks in floor slab of main chamber lncking toward emergency-exit comer of
wall nearest GZ (structure RCa).
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Fig 3.86—Crecks ia rool 1iad of mein chamder, looking towerd emergency -exit end of wall
facing eway from CI (soracture RCo).
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Fig. 150 Intarior view of top ¢f emergeacy -esit shaft (strecommw RC: ).
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{soucture RCa).




Fig. V.91 Laterior view of emergency -e1it thall and cover (structure RCa).
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Fig. 3.95—Cracks in floot slab of main chamber, looking toward GZ wall by main entrance
end (structure RCb).

Fig. Y. % —Crecks by conter of rowf sieb (seracture RO Note mitvey poamt X-°.
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Fig. 3.97—Cracks in haunch and wall of main chamber (acing awsy from GZ (structure RTH).
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Fig 1.38— Disgoma! crech: sbove eatrance to ctit chanber (stractwee RCH).
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Fig. 3.110=—Cetman pressure gauges 1 1o 5, following test.

following test.
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Fig. 3.112—Detail of Cerman gauge No. 1.
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Fig. .11 —Deta:' of Cermar gauge N 5
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Fig. 3.133— Sticky-paper dust collector, type B (structure RCec).
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Chapter 4
SUMMARY

4.1 GROUND AND STRUCTURE DISPLACEMENTS

The shock spectra data (Sec. 3.3) indicate substantial transient vertical and horizontal
motions of both the free-field ground and the shelters. It is reasonable to assume that a part
of these are permanent. This is substantiated by visual observations waich indicated some
differential movement between the main body and emergency exit of the structures tested.
Comparison of preshot and postshot field location survey data has not been made since reli-
able postshot surveys have not been available up to the time of writing this report.

Review of the ground-shock spectra data indicates that the accelerations wichin structure
RAc were about one-third to one-half the free-field values in both the radial and vertica! di-
rections.

4.2 EXTERNAL PRESSURE

As indicated by Fig. 1.4, the actual incident overpi.ssure present at each of the seven
pressure ranges where the structures were placed was lower thar predicted. The highest peak
presaures to which the RA, CA, and RC structures were exposed were approximately 28, 17,
and 17 per cent higher, respectively, than the assumed design values.

4.3 INTERNAL 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. The ventilation systems as tested
were just as they would be under actual blast conditions. That {s, the natural ventilation was
sealed, and the emergency ventilation, with sand {ilter, was open to the atmnsphere and to the
inside of the main chamber. The maximum overpressure recorded in the ventilation shaft of
structure RAc was 14.3 psi, whereas the maximum overpressure in the combination ventila-
tion shalt and emergency exit of structure CAb was 60.0 psi. Results of the VLP gauges placed
in the main chambers of these two structures indicate that the maximum overpressure due to
total leakage of the sand filter and overpressure flap valve was approximately 0.2 psi. All
other gauges in the main body of the structures failed to produce a record. Gauges in the ante-
vnambers recorded maximum overpressure of 3.5 in structure RADb, 2.2 psi in RAc, and 0.8%
psi in RCa.

4.4 STRUCTURAL DAMAGE

Very slight damage was sustauned tv the test structures in the shelter areas. Cracking
was observed in all structures, but major damage occurred only to those portions exposed to
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the shock wave, such as the entrances and the type RA and CA emergency-exit covers, A de-
tailed description of the structural damage due to blast is given in Sec. 3.1.

A postshot dynamic analysis of the roof slab of shelter RAa is included as Appendiv C of
this report. This analysis utilizes current ultimate-strength theory and was performed using
the material strengths as determined from test results, the reinforcement placement and
structure dimensions as obtained from the as-built drawings, and the recorded incident pres-
sure at the location of the structure as the loading. The analysis indicates that only minor
cracking was expected and agrees with the actual postshot condition.

4.5 RADIATION

The West German Government assumed that the permissible leve' of the initial radiation
within the structures placed at their design overpressure levels (structures RAc, CAb, and
RCD) was to be 25 rem. No readings of the initial radiation were obtained as separate values,
but Figs. 3.119 to 3.121 indicate the values for the total samma dosage during the first 52 hr
after the detonation at various points within all nine test structures. Structure RAc had radia-
tion dosages equal to 145 r at the front wall (vxposed to the exterior), 47 r by the interior
corner of the antechamber, and 22 r at the center of the main chamber. Structure CAb had in-
terior dosage values varying from 8 to 29 r, except directly b_hind the gastight door, where
the dosage was 140 r. The interior dosages in structure RCb varied from a minimum of 36 r
at the rear corner to a maximum of 382 r dire~tly inside the main blast door.

The total gamma dosages on the blast line at various distances {from GZ can be obtained
from Fig. 3.122. The doeages indicated by this figure are greater than those presented in
either “"Effects of Atomic Weapons” or “Effects of Nuclear Weapons.”

4.6 THERMAL EFFECTS

No residual thermal effects were apparent from visual observation. Instr. mentation was
not provided for obtainirng thermal measurements.

1.7 DEBRIS AND DUST

The postshot photog raphs that were taken before the entranceways were cleaned indicate
that deposited debris was comparatively light. The dust layer varied in thickness from ap-
proximately '/. in. to a maximum of 2 in. at the higher pressure levels in places where drifting
occurred. Some rubble was dlgo present, Interior dust was not visibly discernible. From the
resuits of Project 33.5, it has been suggested thal dust, as it occurred in the structures stud-
fed, would not have been an immediate hazard to personnel.

Owing to the natural surface of the test area, it was difficult to ascertain the exient of the
debris oq the ground surface. All vertical or inclined surfaces lacing GZ (ventilation projec -
tions, stairs, walls, etc.) were scourued by sand and debris carried by the blast wave. From
other conatruction in the area, it was evident that above-ground projections that were broken
off were deposited from 5 to 100 yd away from their original positions.

4.8 LIMITATIONS IN APPLICATION OF 1EST RESULTS

Although the magnitude of the effects (ovérpressure vs. time, and thermal and nucleas
radiation) is different for smail nuclear weapons than for ihe large ther monuclear weipons
now avallable and the phiysical environment at the Nevada Test Site 18 nat typical of must
populated arexs, the data obtained {rom these weapons tests 3re very useful in estimating re-
sponse and cvalueting the parameters uaed in deaign. Fur this reason the records of blast
overpressure, ground-shork motions, radiation, and other weapons elfects are of prime im-
portance. However, the results cannot be vaed directly for proof -test purposes excoot in
spetial caBes.
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Appendix A

CONSTRUCTION

A1 GENERAL

All work was done under contract to the U, 8. Atomic Energy Commission. The contractor
for the construction of the nine reinforced-concrete thelters was the Sierra Construction
Company of Las Vegas, Nev. Reynolds Electric and Engineering Company supplied the con-
crete aggregate and miscellaneous work required to inake the structures ready for the test.
Holmes & Narver, Inc., provided over-all supervision and coordination as field representa-
tives of the USAEC.

The FCDA and the West German Government 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 supplemented by visits to the site at critical times
by the Project Officer.

Construction, in general, was geared to a2 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, and work was scheduled {0 start on Apr. 8, 1957. Excavation
was started on Apr. 8, 1957, and the backfilling was scheduled to be comnleted on June 20, 1957.
The schedule, as indicated above, could not be completely adhered 10 because of problems that
developed during the construction. These problems will be mcre fully defined in Secs. A.4.1 to
A AT

Figures A.l to A.21 are photographs of the three basic shelter types at various stages of
construction; the progresa made on these rather complicated test structures is indicated by
theizr dates of construction.

Deviations {rom the drawings and specifications are recorded in Figs. B 1.1 to B 4.2, 1s-
built drawings. Tables A.]l to A.J indicate 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 the Reynolds Electric and En-
gineering Company. The plant was a permanent batcher type installation and was lovated ap-
proximately 15 miles from the structures. The concrete was trucked tu the structures by con-
vertional transit-mix trucks. During the batching, the mixing water, as predetermined by the
concrete-mix design, wos added to the dry mix, and the concrete was mixed during transporta-
tion. The concrete was placed tw the use of one or more of the three following methods: {1) by
dumping into a %, or ¥, C.¥. bucket and placing &y ctane, (2) by dumping inlo tremivs for wall
pwirg, ard (3) by placing directly with the use of concrete chutes. Hunt's paraffia-bhase curiig
compound was used to cure the conc rote.
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In general, a total of 133 standard 6- by 12-in. cylinders was taken {rom the structures
for 7-, 28-, and 90-day tests; nine of th. ;e were lost during their shipment to the iaboratory.
Also, a total of twenty-seven 7%,-in. concrete cubes and fifty-two concrete test beams were
tested. Two beams were ruptured during trassit. The cubed were tested at 7 and 28 days, and
concrete beams were tested at 28 and $0 days. In addition to the specimans tested, Schmidt
concrete-hammer tests were used to check the uniformity of the concrete and to determine the
correlation between the rebounc values and the ultimate concrete strength of the structures.

‘T'he results of the concrete strength tests, as recorded for the concmte cylinders, beams,
amd cubes, are cortained {n Tables A.4 to A.8. Average resuits are summarized in Table A.7.
The hammer-test reeuits are given in Table A.8. Table A.9 gives the typical concrete-mix de-
sign used during construction.

A.2.2 Concrete Components

(a) Cement. Type Ul portland cement was used for the construction of the nine cast-in-
place structures. Batching was by bulk.

(b) Coarse Aggrvegate. The coarse aggregate, 1Y;-in. graded aggregate, was stockpiied 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 construc-
tion, segregation of the aggreyate was evident in the stockpile and batched concrete. Scme
aggregate was cbserved to have a maximum dimension ranging to 2%, in.

(c) Fine Aggregate. The fine aggregate had additional wind-blown fines, not ind'cated in
Table A9, primarily because of the conditions at the sitc.

A.2.3 Concrete Forms

Wall and roaf-slab forms for the seven rectangular structures consisted of ’/.» and ’/.-in.
plywuod panels. Some of this material had been used several times before being used on the
German test structures and was then used as many as thres times during construction of the
test siructures., The prefabricated intertor and exterior formwork {or the two circular struc-
tures was bullt from 1- by 6-in. planking. Stock for the studs was 2 by 4 in.

A.2.4 Reinforcing Steel

tteinforcing ateel used in the nine test structures consisted of German-manufactured
smouoth round ba. 3, as vutili.ed in the specifications given in Sec. 1.4, and United States smooth
round mild A 7 steel. The fabri~ation of the steel was subrontracted by Slerra Constructiom
Cumpany 0 Fontana Steel Com _..y. All reinforcing steel was cut and beat al the site. The
field fabrication shop was located near the concrete mixing plant, approximately 15 miles from
the construction site. Fiat-bed trucks hauled the fabricated reinforrement {rom the bending
bench tu the construction site. Although the bending operation was generally adequate, there
are deliciencies between the actyal construction and the original cuntract plans. Nore of these
appear to have been critical in terms of the test results.

All deviations 1om the construction drawings of the fabrication ard ot placemont of the
steel are shown in Figs. B 1.1 to B.4.2, Appendix 8.

The yield and ultimate stresses ami tiir percectage of elocgation of 8-ia. test specimens
of the German and U, §. reinfurcement used it construction and tested by Smith Smery Com-
pany of Los Angeles, Calif , are given in Table A 10

Al5 Structural Reel

The structural -steel compunents . the nine sheiters consisted of doors, door frames,
ventilation equipment, and miscellaneous accessoriss. All stiuctural-sicel items required ‘up
the conatruction were manufactured for, and supplied by, the West German Goveraaent. Mo
damage in shipment fram Germary was incurred by aar of the structyral -steel cquipment.
Some equipment was damaged after irstallation; this is described fJurther in Sevn. A 4.5 and
A 4.8 All items were repaired before the test.
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A} SOIL TESTS AND DESCRIPTION

The subsolil, upon visual investigation, was found to be a heterugeneous mixture of various
sizes of 87-1 and gravel pa:ticies with interstitial clay and silt; it may be loosely desc mibed as
a calcinated conglomerate. The lormatior comained a cementing ager'. apparcutly of calcium
carbonate origin. The agent, in conjunction with the clay partucles, prcu=cd a state of high
consolidation. The soll condition described above was below ! to 1Y, f of typical degert iop
soil. The depth of the calcium carbunate mixture was of indefinite vertical extent.

Cross sections of the excavalion were taken 3t all the struciures to determi.c the dimen-
sion, shape, and peculiarities of cut; theae are shown in Figs. A 22 and A. 23,

In-plice densily tesis were performed on pre- and postconstructional soil conditions that
existed at the structures to evaluate the compaction achieved by the backiilling methal.

The results of the lests are imdicated in Table A1)

A4 CONSTRUC:ION OF THE sSTRUCTURES THROUGH THEIR COMPONENT [TV MS

A4l General

The follewing sections will deul essentially with the procedures used in construction of the
component liems of the structures and the comistions that existed at the completion of the con-
structica phase of the operation. Also included in this section are all deviations {rom the draw-
fr-s and specifications and any .Jdditions thut were deemed necessary to ¢ mplete the struc-
tures in a satisfactory manner.

A 4.2 Excavalimm

The predominant characteristic of the soil, with regard to the excavation, was its nstyra!
cementatinn. This characteristic made it virtually tempossible to excavate using conventinntal
back-hoeing equipment, and all cxisting sofl had to be loosened by caterpillar-propelle. - ors
ur explosive charges beflure removal by a caterpillar-drawn scraper, Figs. A.24 and A 25 Ex-
cavation was carried down {rom 3 to € in. below the elevation of the bottum i the lean base
slab for all structures except RAD, which was inadverteatly excavated 1Y it below the re-
quired grade. Required grade was obiained by backililing, leveling, and compacting with the
congtruction equipment. Al avt:tional excasation for the bottom of the seveu emergency ext
shafts was by hand.

A1) Floor Slabs

ihe forms for the lean cone rete working base and floor slabs of the nire German vasf-ro-
place reinforced-cote Pele undepgroumt test structures were Duilt as 2 singis unil to the out -to-
out dimensions riven . the contract drawings. No preparation of the ~atural growmt wder the
lean base took place. Yhat is, krafl paper was mt zpread over the g o suffait nor »as this
surface motstesed prisr to pouring of copcrete. Reinforring steel was then placed sithin the
exiating furmwork Jirectly over tiis loan conc fete subbase slab. Chowrete blocks of the e -
quired thickness were gae' lo support the boliom laver < steel

Beouuse of the nature ~f the reinforvement in the three Effcrent types { astruwtures, w:
special chairs were regquired o support the top mats. The rectangular type A and C structure
floor slabts have 2 system of truss bars supporicd on small cascrete Bl cks at the negative re-
g of the stecl These supee-rtoed truss bars in the poaltive region of tos steel, togp<tier with
stirrups apaced at { 1 § in on center, w-rs sufliciend B support the top e reir orvement in
its required psitioas I the circslar type A structures, 1% intlicate pattern of rrinforrcoment
e ludicg ties. Lotated the placement o ‘e top mat stecl. The entlire sequence of the ace-
ment of reinforcensent Lor the walls and roxf wdab of the rectangular type A and C stinwwilures,
xs well as the barrel ww?  soas reinforremert for the cirvalar type A, is dictiatod Dy the pa-
terr of retnfarcement foad in the flaor clab.
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Immediately prior to the pouring of the floor slabs of all the structures, the lean concrete
working base was moistened to prcovent excess absorption of maisture from the floor-slab con-
crete.

For the rectangular type A structure, the first pour consisted of the floor slabs of the land-
ing, antecharaber, main chamber, ventilatior shaft, exit chamber, and 4-ft 7-in. section of the
emergency-exit tunnel. The rec*angular type C structures had the floor slabs of the antecham-
ber, main chamber, exit chamb« -, ventilation chamber, and a 5-ft 3-in. section of the emer-
gency-exit tunnel poured togsther. In the circular type A shelters, the floor slab irom the
emergency-exit end of the structure to the contraction joint .; the fifth tread was poured
initially.

Placement of reinforcement for all structures of the three different types was tedious and
in many ways did not conform to U. S. standards.

Some deviations from the contract drawings therefore occurred, and these deviations can
be found on Figs. B.1.1 to B.4.2.

A 4.4 Walls and Roof Slabs

As per the specific request of the German representative, the walls and roof slabs of the
two types uf rectangular shelters were poured monolithically. The cylinder, interior walls,
emergency-exit shaft, and entrance to the contraction joint at the fifth tread of the circular
shelters were poured as a unit.

In the rectangular type A shelters, the landing retaining wall, roof slab over the landing,
the ventilation shaft, all interior walls, all exterior walls, and the roof slab up to the contrac-
tion joint between the structure and emergency-exit tunnel were poured as a single unit. Simi-
larly, for the rectangular type C shelters, all interior walls, the front exterior wall, all exte-
rior walls, and the roof slab for that portion of the sti-ucture from the contraction joint between
the landing floor slab and front wall of the structure and the contraction joint by the emergency-
exit tunnel were poured together. Rubber-tire tremies were used for pouring the lower portions
of all walls for both types of rectangular shelters; concrete-chute placem.ent was employed for
accec sible surfaces. Crane and bucket placement ws3 used as required on all pouring opera-
tions. o

The circular type A shelter had an entirely different type formwork and pouring arrarge -
ment than the rectangular struciures. As previously stated, the .aterior and exterior cyiinder
forms were built using 1- by 6-in. planking. All exterior forms of the cyllnder wore carried w
approximately 20 deg. past the horizontal diameter. Windows ifor pcurirg the lower half of the
cylinder were cut in the exterior formwork or approximately 3-£t centers. The concrete was
funneled through these windows and was vibrated in place.

Some difficulty was experienced in pouring shelter CAk owing to the stiffness of the con-
crete mix., The mix used was the same as that used for the rectargular type shelters, The con-
crete had approximately 2 4-in. slump. It was found that with the equipment and fucilities avail-
able the pouring operation was too slow using this slump. This cifficulty was aileviated when
pouring CAa by revising the coacrete mix to allow a 6-in. slump. The cement content was in-
creased by an amount sufficient to increase the strength by 500 psi. Then, to obtain a more
fluid mix and also te bring the concrete strength below the maximum allowed by the German
specificationa, the proportions of the coarse and fine aggregate and the water-cement ratio,
were manipulated to give a 8-in. slump. No difficulty was experienced in pouring the second
circular shelter with the revised mix,

The second pour of the circular type shelter consisted of all interior walls, the combina-
tion ventilation and emergency-exit ghaft, the cylinder, and the walla and roof of the stairs up
to the contraction joint.

The entrance ramp and stairs and their respective interior and exterior retaining walls
each had a contraction joint at taeir intersection with the main portion of the structure. Each
entrance for the rectangular type A structures, consisting of a ramp and walls or stairs and
wali, was poured as a unit together with the parapet wall on the roof slab over the landing. Al-
though not indicated in Table A.2, a 4-in. working base of lean concrete was poured under each
of the sections on natural ground. Rubber-tire tremies were uged at such places where exces-
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sive free fall of concrete would occur. The landing floor slab, landing retaining wall, and roof
slab ¢ ur the landing were poured with the main structure as per original design.

There was no roof slab over the landing of the three rectangular type C structures. The
landing floor slab and the landing retaining wall of this type structure were poured in two
separate pours, With the exception of the parapet wall over the landing, the pouring of the en-
tranceways of the type C structures was identical to that for type A. That is, the walls and
slabs were poured as a single unit by using a stiff mix and a minimum amount of vibration.
The parapet retaining wall over the front wall of the shelter was used to hold iack the 3 ft of
earth cover over the main portion of the structure, The reinforcement in this wall was not de-
talled and fabricated as shown on the fina! contract drawings, and consequently provisions had
to be made in the field to provide for continuity between the parapet and the interior ramp and
stair retaining walls.

A.4.5 Emergency Exit

The emergency-exit tunnel and shaft for the type A rectangular structures are identical to
the type C structures with one eaception. The type C emergency-exit tunnel and shaft are also
used as the ventilation shaft for the forced-air intake and, as such, have four 2-in. pipes lo-
cated 8 in. below the top of the shaft to allow air to be drawn in from the outside. In contrast
to this, the type A rectangular shelters have a separate ventilation stack and have no provisions
for air to enter the emergency-exit shaft. Reinforcement and construction details are identical
in other aspects.

In the circular type A structures the emergency exit is a vertical shaft that starts at the
small blast door. This shaft is also used for air intake for the protected air supply.

A.4.6 Ventilation

No provisions were made in any of the nine shelters for natural pre- or postshot ventila-
tion equipment. No difficulty was encountered in installing the protected ventilation.equipment,
except at the slip-joint junction between the duct from the sand filter and the air-reception
boxes in the sand filter. These slip joints had a tendency to separate. In some cases the oppo-
site was true, the fit was too tight and the parts had to be forced together. The cast-iron flange
assembly on one ventilator motor was broken during installation but was fastened securely by
large washers.

A4.7T Doors

Both the large and small blast doors of the type A rectangular and circular shelters were
installed and operated with no difficulty. The gastight doors exhibited no trouble in installation,
but the operation of the locking mechanism for both the large and small type doors was very
difficult if the mechanism was nct given a minimum amount of maintenance.

The handle of the large gastight door in shelter RAd was broken off at one of the preshot
trials. The point of failure was located where the circular section becomes square in order to

‘engage the sliding locking bar. Replacement parts from an extra door were substituted, and the

door functioned properly.

The rectangular type C shelters had a large blast door of a different type than the other
shelters. While structurally adequate and of simple design, the latching mechanism did not al-
low for an easy engagemeont of the stationary lugs on the door frame. Shelter RCa was particu-
larly difficult to close. Another construction difficulty arose with the size of the grout pockst
recesses. As supplied by the West German Government, the door anchors required recesses
10 by 10 by 08 in. to accommodate them.

All emergency-exit hatch covers required eight grout pocket recesses, and such work was
done in the field according to the revised drawings.
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TABLE A.4-—LABORATORY TEST RESULTS (CYLINDERS)

Test resuits, psi

Structure Members 7 days 28 days 80 days
RAa Floor slab 2140 3030
2190 3210
2200 3150
Walls and roof slab 3400 3610 4030
3440 3640 4070
3380 3360 4130
RAb Floor slab 2100 2960
2130 3150
2100 3170
Walls and roof slab 2680 3430 5010
2670 3560 4940
‘ 2700 3450 5130
RAc Floor slab 3260* 3760
3560
3500
3410
3650
Walls and roof siab 3420 3810 4090
3530 3540 4140
3570 3530 4150
RAd Floor slab 3180 3490
3170 3460
3200 3400
Walls and roof slab 2650 2530 4230
2570 3400 4070
2590 3300 4410
RCH Floor slab 2490 3330
2500 3300
2340 3340
Entrance wall 2220 3330
Walls and roof slab 4740
4920
4710
RCc Floor slab 2190 3080
Entrance wall 2530 3270
2480 2960
2370 3010
Walls and roof slab 2850 3080 3580
2470 3050 370
2370 3000 3500
CAa Floor slab 3870
3800
3730
3700
320
1880
Walls and crown 2890 3o 4480
3380 31780 4480
40 1760 4160
CAb Floor slad w0 2100
%0 17150
010 80
Wails and crown e 1389 uw
110 e »io
2680 200 90
RCa Floor slad e ™o
nie nee
nup 0
Walle and rool slab uw [ % (*- 4
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L. e L
*1Tdny oot
? IR e luet i alipmond
03

LRy MPYR W T

T

W s

Frage " Spiie VY

&




a3

g AU KOO

B

o

TABLE A.5—LABORATORY TF.ST RESULTS (CUBES)

Test resuits, psi

Structure Members 7 days 28 days
RAa Fioor alab 2338 2843
2251 2878
3 2266 2944
Walls and roof slab 3276 3328
3272 3176
3200 3273
RAb No results
RAc No results
RAd Walls and roof slab 2572 3768
2580 3708
2544 3362
CAa Walis and crown 2909 3374
2364 3280
3146 3323
CAb No resuits
RCa No results
RCb No resulta
RCec Entrance wzlla 2455 3146
3547

TABLE A.8—LABORATORY TEST RESULTS (BEAMS)

Test results, psi

Structure Members 28 dayse 90 days
RAa Walls and roof 547 609
506 RIT*
549 RIT*
RADb Walls and roof 549 503
538 483
502 5949
RAc Walls and roof 218 400
265 415
2950 383
RAd Walls and roof 632 572
587 832
832 633
ChAa Walls and crown 817 801
807 ELLY
542 620
CAb Walls and crown 8123 593
574 [ %1
b1 1] $80
RCa Walls and roof ¥y 498
m 478
m) 81%
RC Walls amd ront .31 44
L1 ) (1, ]
407 08
RCe Walle e} roof “us 130
4Hs €30
S8 90

*RIT = rugtured in trantil.
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TABLE A.7—AVERAGE VALUES OF CONCRETE TEST DATA

1
Structure J
RAa RAb  RAc RAd CAa CAb  RCa RCH RCc 4
7 Days
Cylinders (floor slab) 2177 2110 3260* 3176 2983 2850 2388t 2392t
Cylinders (walls and roof) 3400 2683 3508 2603 2810 2690 2430
Cubes (floor slab) 2285 2455
Cubes (walls and roof) 3249 2565 2806
28 Days
Cylinde ;s (floor slab) 3130 3093 3572 3450 3 2967 2997 3325¢ 3080t
Cylinders (walls and roof) 3503 3480 23528 3410 3743 3330 3043
Cubes (floor slab) 2888 3347
Cubes (walls and roof) 3259 3612 3226
Beams (walls and roof) 534 529 257 820 522 580 32% 459 451
90 Days
Cylinders (walls and roof) 4076 5026 4126 3236 4440 3896 479¢ 3483
Beams (walls and roof) 603 525 460 609 802 603 495 479 586
*One test—17 days.
t Average of floor slab and ertrance wall,
1
TABLE A 8~—CONCRETE-HAMMER TESTS {EQUIVALENT CYLINDER STRENGTH, PSD)*
Hammer Wall {acing G2 Wall away from GZ Roof slab Floor slab
SKructure No, Preshot  Postshot Preshot Postshot Preshot Postshot Preshot Postahot
RAa 1 3200 2780 3150 3400 3700 4450 1800 L300
2 $980 8040 4228 3720
RAb i 33s0 2780 3300 2150 %00 2400 1880 2400
2 81690 8040 6330 5678
RAC 1 3300 2100 3350 2600 3400 2100 1388 2750
. 4700 4340 ar00 2000
RAS 1 3400 1400 3200 2409 15580 26N 1850 1880
4 8400 6160 4350 3970
CAn H 200 1730 350 {350 3800 1800 11%0 1500
3 3380 3880 61530 40319
RCa H S000 4300 Ta2 1760

*Harmmor No. | supplied by ilolmes & Natver, ac. (Xo. 1637); hamme: No, 2 sypplied by FUDA.




Ty T T Y Y e

TABLE A.9—TYPICAL CONCRETE-MIX DESIGN

Per cent passing U. 8. standard sieva

Slove size Fine aggregate  Coarse aggregate  Combined
1.5 in, 100.0 100.0
% tn. 8.0 76.4
% in. 1.8 49.2
] 100.0 1.4 43.3
8 78.8 3.8
(21 57.0 24.2
#30 32.9 14.0
#50 17.9 7.8
#100 4.3 1.8
F.M. 3.091 7.280 5.498

Specific gravity
(8. and 8.D,) 2.47 2.665

Mix design for one cubic yard of concrete is 3000 pel.
Absolute volume of aggregate in one cubic yard of concrete—19.73 cu ft,
Weight of one cubic yard batch of aggregate ~3240 b,

Per cent
Gravel
Sand, dry 3
Free water o sand, 6.2 gal 4.38

Watsr. added 28.5 gal

Cement, 3.9 sacks

Maxinum siump = § s,

Batch wt_, 1b

2000

1188
52

1340 11240

m
17

Total

Absoluts vol.,
cuft

12.03
1.70
e.84

3.80
1.8

dmm——

27.00
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TABLE A.10— LABORATORY TEST RESULTS OF REINFORCEMENT

Yield stress, psi URtimate stress, pel Elongatios,* $
Typs Average Low High Average Low Righ Average  Llow High
Smm 55,137 47,300 52,40¢ 84,937 61,450 68,880 20.87 19.00 22,00
10 mm 49,737 47,580 81,750 63,562 80,650 66,850 20.80 20.00 21.00
12mm 41,362 37,900 43,750  82,8%7 $0,580 56,800 30.00 27.00 3220
14 man 42,012 41,100 44,200 62,328 56,300 68,100 28,62 27.00 321.50
16 mm 41,400 37,100 44,600 84,887 50,000 58,880 30.78 27.00 MN.50
18 mm 43,428 41,700 45,880 57,837 87,180 88,780 n.as 30.00 32.30
20 mm 42,780 40,800 44,230 58,1128 53,050 59,900 Nn.3 28.00 38,00
26 mm 40,937 40,100 42,800 84,725 82,600 56,100 30.68 29.50 33.00
Yin. e 49,794 71,895 24.1
Yiin. o 43,340 65,237 23.0
1in. o 47,589 48,938 28.1
*Per cent slongation for 8-in. specimen.
TABLE A.1]1 —IN-PLACE DENSMTY TEST RESULTS
Ih-place denaity, Ib/cu 2 Locailon of
Extating soti Backfiil Bacikfill mbd-boight
Rructure {ax.) at mid-doight at flaal grede roadiag*

RAa [R5} 118 12 Noeth

RADL 1381 Kot taken 138

RAe 113 118 1ty North

RAL 113 118 122 Seuth

Cha 1 112 118 Unimowa

CAd 113 1 139 Morth

RCa 17 1oy 13 Soutrt

RCH 1y i3y Nt ahwa LT

RCe 1 (31 ] 130 Somgth

- R T,

e b

e

et e - o e, st

*Morth, wide of structure fazioe GZ; sth, »idw of structure facing sway from

cz.

y -,




Fig. A.J—Sub-baw concrete placement completed (stracture RA) (Ape. 27, 19520
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Fig- A.1—Erection of base -slab formwork (structure RA) (Apr. 25, 1957).
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Fig. A.3=—Placer. ent of base-<l-  inforcement (structure RAJ (Apr. 28, 1957).

Yig- A4 Base-ylad concivte placement (utnafute RA: {Apr. 2, 1357)
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Fig. A.5~—Partially erected wall and roof sigb, interior formwork (structure RA) (May 1, 1957).

Fig. A.6— lntetior formworh erectyd; piacer sn. of nall (2inicicemncat begum (sorecture RA?
May 1, 1387T)
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Fig. A.T—-Erected formworh ior entrancewsy walls and roof
slab (stucture RA) (May 4, 1907).

Fig. A3~ Iheta:! of sonf-i1.eb rer1forremant (stracture RA)
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Fig. A.9—Wail- and roof-slab reinforcement placed; erecting
exterior formwork (sucture RA) (May 10, 1957).

Fig. A 1= Mgk by of stracture 8fict temovg’ of ceterioe
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Fig. A.11—Erection of base-slab formwork (structure CA)
{Apr. 25, 1957),

Fig A1 = Sgt vae ¢ msrete coacement (oempicted Littgctuse U A’
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Fig. A.13—Placement of base-slab reinforcement {structure CA)
May 5, 1957).
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Fig. A.15—Interior formwork erected {structure CA)
OMay 22, 1957),

vah }." b o-e

Fig. AL =&, domement n piace for marm dody of trpcture

-
-

d LW
[ J ‘e

S
i

»
[P 3

(etractute CA) (fume §# 372,




Fig. A 17— Suucture immediately prioe to concrete placement
(atructure CA) (June 22, 1487),

§:g A 13 ==Baic-tigh tormwtoe envnted 3 amc By ¢ oncrets plaged
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Fig. A.19=Placement of base-1lsb reinforcement (structure RC) (May 1, 1987).

‘\t

D

*
%Y

Fig. AZ0—Well- gad vl -cigh cvinfoscement in placs (dresture BO) (Mey 10, 1387
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of structures RAd, RCa, RCb, and RCec.

Fig. A.23—Excavation
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Fig. Ao Preparation ot dynamite tor rampung mto drill holes.
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Fig- B.1.1— Dimemsices. ples. snd vestilation equipmnent for type A ¢
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Appendix C

ANALYSIS OF TYPE A RECTANGULAR STRUCTURE

C.1 GENERAL

The shelter was designed by German engineers for a static loading condition (Sec. 1.4).
Four shelters of this type were built at various pressure levels and tested during shot Smoky
of Operation Plumbbob. All four shelters withstood the effects of the blast with little or no
damage to the main body of the shelter. On the basis of the limited damage incurred, it was
deemed advisable to analyze the roof slab of this shelier type by the conventional ultimate-
strength theory to ascertain whether this method of analysis would substantiate the actual
damage sustained by this member.

C.2 BLAST LOADING

Shelter RAa was specifically analyzed. This shelter, placed closest to GZ {see Fig. i.4),
was the most heavily loaded. The loading of this structure, for the purpose of analysis, was
the actual free-a‘r pressure-time load as recorded at the location of this structure (Fig. C.1).
No attenuation due to the earth cover was assumed.

C.3 STRENGTH CRITERIA

The structure was analyzed for dynamic behavior by use of the ultimate-strength theory.

Compressive strength of concrete was 4000 psi and was determined as the average value
obtained from the 90-day test cylinders (preshot). Reinforcing steel was smooth round bars
sem from West Germany. The static unit stress at a yield of 43,800 psi was also the average
of values obtained from the test specimens. The increase in strength under dynamic loads was
taken into account with the use of dyramic increare factors obtained from Ref. 4 (see dynamic
analysis, Sec. C.8). The dynamic increase factors were determined as closely as possible, de-
pending ou: the rate of strain under the blast loading.

C.4 ANALYSIS

In general, the analyses of the various members of the structure which are exposed to the
blast consist in the solution of the equation of motion, F - R = MeX, where F is the applied
blast force, R is the internal resistance of the structural member, M, is the mass of an equiv-
alent single-degree-of-freedom system,* and X is the acceleration of the mass.

This equation of motion can be readily solved by any of several numerical-integration®
methods, The numerical method {llustrated in this appendix for the analysis of the rooi slab of
the shelter ia the Acceleration Impulse Txtrapolation Method describe” in Ref. 4.




Poisson’s ratio for reinforced concrete is usually taken to vary between 0.10 and 0.166,
In this analysis, Poisson’s ratio has been taken as zero. Previous experience has indicated
that the effect of Poisson’s ratio may be considered negligible cver the entire range from
elastic to plastic behavior of the structural member.

C.5 ARCHITECTURAL AND STRUCTURAL DRAWINGS

Architecturally, the shelter was constructed as shown in Chap. 1, Fig. 1.1. The as-built
drawings shown in Appendix B, Figs. B.1.1 to B.1.3, 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 constructed shelters.

C.6 NOMENCLATURE

A, = area of steel
a = depth of compression block of th> slab
b = width of the slab
d = distance from extreme compressive fiber to centroid of tension fc ce
in tensile reinforcement
E = modulus of elasticity
f¢ = static ultimate compressive unit stress of concrete
f4c = dynamic ultimate compressive stress of concrete
fg = static unit stress of steel at yield
f3s = dynamic unit stress of steel at yield
I, = moment of inertia of cracked section
I, = moment of inertia of uncracked section
K = stiffness of member
L, = clear span of member in short direction .
L, = clear span of member in long direction
m = mass of the member
M, = moment at the centerline of the member
Mj; = moment at the support of the member
n = ratio of modulus of elasticity of steel to that of concrete
r = unit resistance of the member
R = total resistance of the member
T = period of vibration of the member
ult = ultimate
x = deflection of the member
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Note: The ultimate resistance of parel I is governed by the continuous portion of the slab.
The ultimate resistance of panel II is governed by the moment capacity of the wall below the
haurch. Assume the outer strips of panels I and II have one-half the moment and shear capac-

ity of their respective midstrips.

f, = 4000 psi
fg = 43,800 psi

d=24in -3 in =21 in,
& =24 1in. — 6 in. = 18 m‘}Avera.ge values for both directions

}Average values of test results

v - Poisson’s ratio (for rcinforced concrete) = 0

Reinforcement:
Diameter (mm) Diameter (in.)

8 0.315
12 0.473
16 0.630
20 0.788
26 1.025

C.7 ULTIMATE STATIC RESISTANCE OF SLAB

C.7.1 Panel ]

¢ = 42° (by trial and error solution)

x = tan ¢ (3.92) = 3.53 ft

Positive reinjiorcement =% (0.630)? (is)'-)- =0.75 sq in./ft

Negative reinforcement=-;1 (0.473)° '(_132—) = 0.35 sq in./ft

Negative-moment capacity (per foot):

Ag s 9.35 (43.9)

as (Ref. 1) = o5 (12) (@

- = 0.376 in.
0.85bt, 376 in

_ a 0.35 (43.8) 0.376)\
Mgyt = Agfs (d -5) (Ref. 1) = -———1-‘5—— (21 -5 )= 288 ki/tt
Positive-moment capacity (per foot):

_0.75 )
a = g3z (0.376) = 0.805 in.

Mq gy - o.75l(243.s) (21 . o.szos) -~ 56.4 KU/t
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Total positive and negative moments:
3
muu = (M' + M‘)TL‘
=(26.6 + 56.4) (0.75) (7.84) = 488 kf

Total resistance of panel I:

R My, 488
Ault =g (1/3) (3.53)

=415k

Unit resistance of panel I:

a it = Togg = 30.0 kef = 208 pat
C.1.2 Panel II .8 .
X g 520 e,
A in stab = LBV 1)~ 50,6 o in, = 2.34 8q tn./1 2 .
:
2
Aginwall = 16(1.025)" (m) _ 13.2 sq in. = 1.00 sq in./ft P .
4 gle A o w
. ree ¢ ol =
=] 3000 | | w
, 8(1.025)% + 25(0.630)2
A'lnwa1l=[ (1.025 . 5(0.630)] (x) 14.4 sq in. = 1.10 sq in. /1t Ei}
",
Positive-moment capacity: 5 .5.
8
_ 30.6(43.8)  _
e TR O IR TER VR
M, = 30.6 (43.8) (21 -323) = 26,500 in k = 2200 ki = 181.5 k{/ft
Negative -moment capacity: (section beiow wall haunch is critical)
Taking into account the effect of the axial load,
M, = Agfgm + 0.85(: aq (% -%) + Ayton (Ref. 1)

where A, = tension reinforcement in the wall = 13.2 sq in.
A = compression reinforcement in the wall = 14.4 8q in.
n = distance {rom centroid of compression steel 1o center line of wall = 2.75 ft
m = distance from centroid of tension steel to center line of wall = .75 ft
q = equivalent length of loaded area
h = distance {rom center line of wall to centroid of panel
t = wall thickness = 2 [t

(-0 , V;ﬁ’-h' ._:_r_w,(a-m - Aoty (B + m) - M,
4 0.425 Lq

13.85 (3.11) + 5.06 (3.92) (3.96) + 4. 24
13.88 + 5,06 (3.33) » H. N




453+786‘2424

LTSI =287 ft

h=

q~508 *%(12.12 - 5.08) - 10.38 1t

- ~Lz_(_z.z;n -2)

; T 14.4.(43.8) (3.57 - 0.75) - 13,2 (43.8) (2,57 < 0.78) - 3200
+ 357" -2.572) + 4 0.428 (4.0) (10.36) (144)

a=1.57s )6.60-5.14+1- 1150 - ;:‘;g - 2200

a=0.341 = 4.08 in.

: M, = 13.2 (43.8) (0.75) + 0.85 (4.00) (4.08) (12) (10.36) (-; - -0-%) + 14.4 (43.8) (0.7%)

Mg = 434 + 1431 + 473 = 2338 kf = 193 k-ft/ft

Total positive and negative moments:

YoMy = M, ¢ My = 2338 + 2200 = 4538 kt

Actual total resistance of panel II:

R = Asly —Agly +0.85 2 aq
= 14.4 {43.8) - 13.2 (43.8) + 0.85 (4.0) (0.34) (10.38) (144
=631 --578 + 1725 = 1778k

Unit resistance of panel I

I ault ;;7: 30.6 ksf = 212 psi ~ 208 psi
Average unit resistance of total slab:

(1770 413) (B

T—Tﬁ 31 30.5 usf

P X Ultimate static resistance of total slab:
bl
: R = (1778 + 418) (2) = 4390 k
[a the foregoing computations, the ultimate static capacity of the slab was computed. How -
b ever, the actual londs applied to the structure are dynamic in nature. Under this dynamic load,

the capacity of thw :lab is considerabdbly higher than the static capacity, depending on the time

; for the reinforcement to reach its yisld point. To take this increase in strength into account,
the static capmcity may be inc ressed by a dynamic iacrease factor. These factors may be ob-
tained {rom Ref. 4 \f the time [or the reinforcement (0 reach yield is known. Since ylelding of
the reinforcement throughout the slad does not cccur simultzneously, the dynaraic increase
factor will be different for each of the critical sectione in the siad. For this reasoe, the static
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resistance -aeflection curve for the slab will be computed {irst; then, during the dynamic analy-
sis, this curve will be modified by the dynamic increase factors applicable to each of the criti-
cal sections, depending on the time required for each of these sections to reach yield.

C.8 COMPUTATION OF STATIC RESISTANCE-DEFLECTION CURVE (Fig. C.2)

C.8.1 Yield of Negative Reinforcement of Panel 1
Note: The member is constdered {ixed all around.
Panel |

-

b_1212
a 11.84 1.02

Iyl

Negative moment of beginning of yield along edge
M, =0.0518 ar L{ (Ref. 2, p. 140)
Unit resistance at [irst yield

M, 268
" 0.0518L7  0.0518 (11.84)7

= 3.808 ksl = 25.4 pei

Total resistance of slab at {irst yield
R, = 3.66 (11.84) (12.12) = 527 k

Positive moment at first yield
?
i&ﬁ = 575 (Ref. 2, p. 140)
¢

_Ar L 3.66 (11.84)

= —_—= ! K
M = 553 s 8.94 ki Tt < 56.4 kI /1t

. positive reinforcement has not yielded as yet.
Pane] I1

Negative moment at f{irst yield
M,, - 0.0530 Ar L] (Rel. 2, p. 140)
- 0.0530 {3.66) (11.84)°
- 3V.TRLM < 193 kS
_negative reinforcement has not yiclded as yet.

Posiiire moment at {irst yield
Ar LS 47 (Ret. 2, p. 140)
“(t

_3set e
S T

- 93D k!« 1L S kiR
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.. positive reinforcement has nct yielded as yet.

Properties of Slab at First Yield
E = 1000 {; > 4 x 10° psi (Ref. 3)

Average percentage of reinforcement for the cracked moment of inertia

Average negative reinforcement « p~ = gg(_gn_szz_;)l_oog = 0.00268

Average positive reinforcement = p* « 1/2(0‘.;(5’;)2.34 = 0.00810

Average per cent re.nforcement » o‘ooz“; 0.00810 0.00439
Average moment of inertia {Ref. 4)
n =15, p,, " 000439 ~ F - 0,024

3 3
Iy = % = -5————"‘32" = 13,800 in!

I = Fod® = 0.024(12) (21)° = 2670 in! (Ref. 3)

Iay. = Ez;.g%:_z_‘f_o = 8235 in *

Deflection at first crack

121
x, = L4 0 orsey; 7 121120238 g
Et b 12
_ 0.0158(25.4) (11.84 < 12)*

) 4
! 4 x 10* (823%)

= 0.00499 in. = 0.000416 1
Stiftness

LT _.._._5_.-—2“ = o'/
Ki X, 416=x10 1.27 x 10" %/t

C.8.2 Yield of Negative Reinforcement of Panel Il
Note: The member is assumed fixed on sides L, and pin supportied on side L.

Panel 11

Negaiive moment at beginning of + ~id along edge
an 4
AM,, - 41 (Ref. 2, p. 236)

AM,, - 193 - 27T- 188 kIt

166.14.2)
- > - ’ . N
ar, ‘“.“)1 168 ksf - 117 pwi

M)




Positive moment at sccond yield

[
aMg, =251 (Ret. 2, p. 236)

]
amg, = B2LHL L gg g/

Mg, =3.4+068.4=71.8Kki/1t <181.5ki/Nt

. positive reirlorcement has not yielded as yet.
Panel |
Positive moment at second yield

1
g, - 20ld, 16801 84)
88.4 33.4

aMg, = 380K/t
Mg, =0.9+36.0=44.9 kt/1t <5844/t
=~ positive reinforcement has not yielded as yet.

Properties of Slab at Second Yield
Resistance of slab at second yield

AR; = 16.8(12.12) (11 84) = 2415 k
R; = Ry + ARy = 527 + 2415 = 2942 &
Deflection of slab at second yield

0.0234 ar, L}

ED (Rel. 2, p. 238)

_0.0234 (117 (1184 % 12!

ax, Tx 10T (8235] —— - 0-0340 in. - 0.00283 1t

X; = X, *+aX; = 0.000416 « 0.0028) = 0.00325 ft

Stiffness

aR, 2413 x 10 ,
K, « ”il S - 852 x10° Rt
VUaX, zes w107 )

C.0.) Yield of Posilive Reinforcement of Panel |

Note: The member is assumed as simply supported all around.
Parel |

am, -2 2 (Ref. 2, p. 23N
AM, 354 M- 1LSK R
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11.5 (27.5
| -~ = =
ahs “L“—r*) 4.24 ksf = 15.6 psi

Panel 11
3
aMg, =285 (et 2, p. 233

2
aMg, = 2L L2 0

M, *aMg, = 77.8 + 12.0 = 89.8 kI/ft < 181.5 Ki/ft

. positive reinforcement has not yielded as yet.

Properties of 8iab at Third Yield
Resistance of slab at third yteld

AR, = 2,24 (12.12) (11.84) = 322 k
R, = Ry + AR, = 2942 + 322 - 3264 k
Deflection of slab «! taird yield

0.0506 ar, L{
ax, - ST L (Ref. 2, p. 232)
. 0.0500(15.6) (11.84 = 12)*

4 < 10 (8235)

= 0.00983 in. = 0.000821 ft

[

X, = X, + AX, = 0.00325 + 0.000821 = 0.00407 ft
Stifiness

AR, 3.22x 1»0‘7
AX, 8.21 x107*

; =393 x 10 k/ft

C.8.4 Yield of Positive Reinforcement of Panel I
Note: The member is assumed simply supported in one directioa.
Panel I

Total statie resis’ance of slab
R,-R,, ~ 4390 &

AR, - 4390 1264 - 1126 &k

1126

L AR kst -S4 pst
AT Maaaad * ps

Resistance of Parwe! It

AR, - T84 (38.0) - 434k
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Reaction of unit mid-strip

8Rpg = %% = 44.0 k/1t

Total load on unit mid-strip
W = 44.0 (2) = 88.0 k/1t

Properties of Slab at Fourth Yield
Deflection of slab at fourth yield

swy

ax
4 384 EI

(Ref. €)

. 5(88.0) (11.84 <12)° .
ax, 384 (4) (107) (8235) - 0.100% in. = 0.00838 ft

X=Xy r aX, = 0.00407 + 0.00838 = 0.01245 1t
Stiffness

_aRy 1.126 x 10°

axX, 8.38 x10-?

=1.35 x 10% k/1t

C.9 DYNAMIC ANALYSIS

Dead Load (Assume overburden = 100 pcf)

Fdl = Rdl = [0.15(2.0) + 0.10(4.0)] (11.84) (12.12) =100.5 k
Mass

Panzl | - 2(13.85) (0.15(2.0) + 0.10(4.0)} (1/32.2) = 0.602 k-sec’/ft
Panel 11 = 2(58.C) [0.15(2.0) + 0.10(4.0)} (1/32.2) = 2.521 k-sec!/ft

Total mass (m) = 3.123 k-sec?/ft

Equivalent Mass
Eustic, m, - o100 0158 (2] m imats

= [0.610 + 0.156 (1.02 - 1)] 3.135 = 1.93 k-sec’/ft

Eiasto-plastic, m, - [0.3&0 + 0.160 (; ~ )] m (Ret. 5}
(between second and
third yields) « [0.630 « 0.160 (1.02 - 1)} (3.123) - 1.97 k-seci/nt
Plastic, m, - %Elﬂ * %f%:' - (Ref. $)
(after fourth
rield) Loeon . WLID LM

2 11,33 - {i1.ed,
~0.301 - 1.290 + 1.99 h-sec’ 1t
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Elasto-plastic, m, ~ 1,95 k-sec?/ft
(between first and
second yields)

Eiasto-plastic, m, =0.68 m (Ref. 4)

(between third and . R —gecl/
fourth yields) 0.68 (3.123) = 2,12 k-sec*/ft

Sumnmary of equivalent mass

i

m, = 1.92 k-sec’/ft
m; - 1.95 k-sec?/It
gy = 1.97 k-sec’/ft

2.12 x-sec?/1t

m,

m, - 1.5 k-sec’/ft

Note: Assume that the dead load and the preliminary part of the pressure curve tot = 23.0
msec (time 0.00 of dynamic anaivsis) act as a static load.

Period
fom e
n. L VLL_Q{ =71 -3
T- 23 ‘/Kz 2 137 % 10¥ 7.714 » 10~ sec
At nax -‘-1—1;) = 7.74 x 1974 sec
Use time intervals of at = 0.00025 sec <t . (Ref. 4}
Static Load
Fuatic = Fai * Fipp - 100.5 + 36(0.144; (11.84) (12.12)
F. = R5 - 100.5 + 745 - 846k - 527 k

Under the static loud, the slab has undergone [irst yiele and is in the elasto- plastic state
between the [irst and second yields.

t
Xgauc - % ¢ (848 527 ’K._;

3.8
- 0.00042 ¢ e

100" 0.000790

Properties of Slab for Dynamic Analvais ‘static -load elffects deductod
Second yield
AR - R, R, - 2041 346  209¢ k
AX - X, X, - 0.0032% 0.0079 - C 0026 1t
K, 832,10 K &t
Third yicld

AR- R, R,- 3364 846 - 418k
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aX = X, - X4 = 0.00407 - 0,007% = 0.00328 It
K, = 3.93 x 10% k/(t

Fourth yield:
AR= Ry - Ry = 4390 - 846 = 3544 k
AX = X, - X, = 0.01245 - 0.00079 - 0.01168 ft
K, - 1.35 %100 x/nt

Note: These properties are [cr statically applied luuds. They must be modified dy dymamic
increase factors in the dynamic amalysis.

Analysis Constants
at! = (0.00025)7 = 6.25 x 10~% gec?

'_':}Ea 9;-23-—1‘;2‘-9: = 3.26 x 107 /K
i\:',: - E%—;ﬂj = 3.20 x 10~ ft
?':f_: = ‘Lz_sxi_;_o:; 317 x 107 /x
Al 6.35 x107*

-3
. 212 2.95 x107% nt/x

A’ 6.25 x107
m, 1.59

=3.93x10" 'k
Acceleration Impulse Extrapolati.n Method
This method will be used in the dynamic analysis as described in Ref. 4.
Xpet =2, X, 3*ag(av? (Rel. 4)

F-P(12.12) (11.34) (144) - 745 - 207 P T4d k

3
ay - L [f.’ A u’;*]- ny [o . l:‘l— 1231 ft sec’

X,-a, at’ 1731.625-10%-0770:10"n
Masximum resistance of slab - 3235 = 846 - 4081 &k  Table C 1}
Maximum deflection of slab - 2195 « 790! - 10 -609-10'R Table C 1)
Naote The resistance of the slab would vibrate about the load curve after the first reversal;

therefore the Maximem resistance will be prodaced at the fire' reversal of the slab. If damping
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were in the analysis, the maximuin resistance df the slab would be between 5 and 10 per ceri
less than that obtained above. Note further that the maximum resistance attained was consider-
ably less than the plastic yield of the total glab and that the maximum deflection attained was
only about 4, in.

C.10 CHECK OF SHEAR (Re!. 8)

C.10.1 Diagonal Tension, Panel II
Note: For diagonal tension, the critical section is at a distance d from the interior edge of
the haunch,
Check diagonal tension stresses at the maximum resistance of the slab.
t=24ir
d=21in. =1.75ft

x=2+175=23.75ft

R = 4081 maximum resistance of slab

_ 4081
T143. )

w = 28.4 ksf

Aot = A+ A; =58.0 sq ft

A, =5.06(2.17) + 2,17(2.17) (0.90)
=15 24 sq ft 8.9

12.12 + 3.96

Ay = 12.12(2.0) + >

(1.75)
= 42.69 sq It
Total shear at d from support line @ - Q)
Vp=28.4(15.24° 433k

Shear per foot

433

V= 5-9-6 = 48.3 k/ft

Actual unit fhear

. 48.3 , -
TR 192 psi - 3.04 ¥,

C.10.2 Pure Sheuasr, Danel 1l

Check pure shear in panel Il at edge of haunch and face of wall at . 1aximum resistance
of the slab.

47
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Pure Shear at Edge of Haunch

Total shear along edge of haunch at maximum resistance.

Vi =(58.0 - 24.24) 28.4 = 958 k

Shear per foot /1
|£;_j§ g

\'4
2 (-E) (0.86) + 10.40 V = 958 k 0.8 l 040 086
B UL S

11.26 V = 958 k
V = 85 k/ft
Actual unit pure shear

__8 _ o . ,
V=Teen) " 0.337 ksi = 337 psi = 0.0845 f,,

Pure Shear at Face of Wall

Total shear along face of wall at maximum resistance
Vo =(58.0 -12.12) 28.4 = 1300 k
Shear per fo>! (shear distribution same as at edge of haunch)
11.26 V = 1300
V =155 k/ft

Actual unit pure shear

115 B . L '
12021 + 2 0.290 ksi = 29C psi = 0.0725 ¢

Diagonal Tension, Panel ]
Check diagonal tension at maximum resistance

A =13.85sq ft ——

o)
A, = —3—'——————95(21'78) = 3.52s8q it :|
- 7.84° i
Ay - 8390 25y 10328t T
I
: }
w - 28.4 ksf L 3.33 ~

Total shear at d from support (line J) - @)

Vr =28.4 (3.52) =100.0 k
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Shear per foot
. _100.0 _
V= 395 - 25.3 k/ft

Actual unit shear

v “1221) - 0.1003 ksi = 100.3 psi = 1.59 vV}
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TABLE C.1-—DYNAMIC ANALYSIS

t x 104, F, - R,, Ot%/m %107, A At? x 108, X, x 10%,
n sec Fp, k Ry k k ft/k ft ft Remarks
0 0.0 0 0.320 0.770 0.770 R, =527k
1 25 144 1 143 0.320 4.576 6.116 X;=4.16x107' ft 3 Fig. C.2
2 50 287 5 282 0.220 9.024 20.486 K, =1.27 x 108 k/f
3 75 432 17 415 0.320 13.280 48,136  Elasto-plastic
DIF = 1.30 (Ref. 4)
. The dynamic properties
are for 2nd yield
4 100 578 41 537 0.320 17.184 92,970 AR = 2096 (1.3)
5 12.5 723 79 644 0.320 20.608 158.412 = 2725k See page
6 150 871 135 736 0.320 23.552 247.406  AX = (L) (0.00246 ft) P 22 pag
7 175 1005 211 794 0.320 25.408 361.808 =3%,0 % 107 ft
8 20,0 1139 308 831 0.320 26.592 502.802 K, =8.52 x 108 k/ft
9 225 1293 428 865 0.320 27.680 671.476
10 25,0 1445 572 873 0.320 27,936 868.086
11 275 1590 740 850 0.320 27.200 1091.896
12 300 1735 930 805 0.320 25.760 1341.466
13 325 1858 1143 715 0.320 22,880 1613.916
14 350 1980 1375 505 0.320 19.360 1905,726
15 37.5 2064 1623 441 0.320 14.112 2211.648
16 40.0 2147 1884 263 0.320 8.416 2525.986
17 425 2195 2152 43 0.320 1.376 2841,700
18 45,0 2242 2421 179 0.320 ~5.728 3151.686
19 47.5 2266 2685 —419 0.320 -13.408 3448.264  Second yield
20 50.0 2292 2823 541 0.317 -16.963 3727.879  For third vield
DIF = 1.27 (Ref. 4)
21 525 2508 2932  -624 0.317 -19.781 3987.713 AR = 1.27 (2418)
= 3071 k See
~ 4 346 pages
AX = 32.0 X 107 4 o=y b
= 40.8 X 1074 ft 246
Kg = 3.93 x 10 k/ft
22 55.0 2324 3035 711 0.317 -22.539 4225.008  Third yield
For fourth yield '
23 57.5 2339 3091  -752 0.295 -23.794 4438.509 AR = 3544 k See page
K, = 1.35 x 10° k/fi [ 246
24 60,0 2352 3119  -767 0.295 —22.627 4629.333
25 62.5 2363 3145  —782 0.295 -23.069 4797.188
26 65.0 2366 3168  —802 0.295 -23.,659 4941,334
27 67.5 2368 3187 819 0.245 --24,161 5061.319
28 0.0 2370 3203  -833 0.295 ~24,574 5156.730
29 72,5 2381 3216  —835 0.295 -24.633 5227.508
30 75.0 2391 3226 835 0.295 -24,688 5273,598 :
31 77.5 2101 3232 -83l 0.295 —24.515 5295.173 maximum deflection
K =1.27 % 108 k/ft .
32 8O0 2397 3235 838 0.295 —24.721 5292.027
33 82,5 2393 3231  -838 0.295 -24,721 5264.160 '
+
34 850 2389 3196 807 0.295 -23.807 5212486
35 K75 2385 3130 -745 0.295 -21.97R 513R.834
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Fig. C.2—Resistance-deflection curve.
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Appendix D
FILM-BADGE MEASUREMENT TECHNIQUES *

D.1 GENERAL

On Operation Plumbbob film-badge dosimetry measurements were made primarily for the
Civil Effects Test Grop. In addition, some measurements were made for the Department of
Defense, the Los Alamos Scientific Laboratory, Holmes & Narver, the Naval Radiological D--
fense Laboratory, and Edgerton, Germeshausen & Grier, Inc. Instrumentation was generally
made to determine dose vs. distance (RD? vs. D) for a given event. Measurements were also
made in shelters and in various other structures and test devices. Methods were essentially
the same as those used on Operation Teapot (EG&G Report No. 1387). The controls required to
ensure uniformity of measurements and the sensitometric problems encountered during the
program are discussed in the following pages.

Four special types of film in two dental packets were used in making the measurements.
The films used were Du Pont 502, 510, and 606, and Eastman SO-1112. An Eastman neutron-
monitoring film was tried at the beginning of the operation, but use was discontinued because
of extreme gamma darkening.

A 7-curie Co*® source was used to furnish irradiated controls for the interpretation of film
badge > used for each event. These badges were handled and processed with the field badges.

D.2 CALIBRATION

A Co¥ gamma calibration system (shown in Fig. D.1) was arranged so that 10 badge as-
semblies were consecutively administered in three sets, logarithmically progressive exposures
rfmm 0.05 to 5 x 10° r. Table D.1 indicates the time of exposure, the dose rate, and the 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 x 10° r; eighte»n of the badge doses
overlapped for standardization. Distances 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
adjusted to the same position for each exposure so that, ..u e the correct distances were es-
tablish~d, they could be automatically reproduced each time

Distances were determined with a 25-r Victoreen r-meter, which had recently been cali-
brated by National Bui:au of Standards. Exposures were timed to obtain mid-scale readings
for greatest accuracy. The badges were placed directly behind each other in a straight and
level line away from the source; the calibrated positions were determined by use of identical
dummy assemblies for attenuation. Total opening and closing time of the source was approxi-
mately 4 8ec. This length of time could cause, at the most, a 2 per cent errour on the 200-sec
* This information was extracted from Edgerton, Germeshausen & Grier, Inc., report
No. 321 to the AEC.
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exposures, and negligible er-or on all the others. It is believed an over-all accuracy of better
than 5 per cent was maintained on administered doses.

Actua! shot calibrations were made the morning of a shot on film badges that were assem-
bled and 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:

DuPont502 . . . . . . . . . . « . . . .01to10r
DuPont510 . . . . . . . . . . . . . . .Btod300r
DuPont606 . . . . . . . . . . . . . . .200t0600r
Eastman$O-1112 . . . . . . . . . . . . .800to5x10'r

The Du Pont film packet is shown in Fig. D.2.

Owing to the accuracy limitations on administered doses, reading, and development, it was
necessary to consider a total possible error of +20 per ceut. In addition, ilm irradiated in the
field tends to darken beyond the density obtainable with gainina calibration alone. This is ve-
lieved to be caused by some type of reciprocity failure, neutron effects (at closer range), ther-
mal and pressure effccts, or from secondaries. Finally, solar effects must be taken into con-
sideration because {ilm that has remained in the heat of the Nevada sun dcues not behave in the
same way as fresh film.

D.3 FILM-BADGE HANDLING

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 lighttight package containing the film; a plastic
box that serves as an electron diffuser; a special metal box made of a lamination of *in on the
inside with lcad on the outside, which functions as a filter to make the film energy-independent;
a polyethylene bag to protect the badge against weather and contamination; and an identification
tab (see Fig. D.2). The total assembly was then wrapped in aluminum foil for protection against
thermal heat.

After recovery cf the film badges from the field, the outside plastic cases containing the
film and identification tab were then sorted and arranged numerically. The embossed film
number and the number of films in each badge were listed or 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. D.3). After being taped *
cn 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 amouint was the most convenient to handle.

When the processing operation had been completed, the density of each film was measured
on a densitometer (Fig. D.4). Personnel working in pairs read the densities and simultaneously
deter mined the equivalent roentgen exposures from the curves made from the calibration
badges. The evaluated dosages were tzbulated according to the proper film-badge number and
transferred to the data sheets for analysis.

D.4 FIUM PROCESSING

Because of the similarity between visible -ligit and gamma-radiation (short - wave length)
sensitometry, precautions applicable to one must be applied to the other in the procesgsing op-
eration. In both cases the relatiun between exposure and developed density can be determined
by means of aD - log F uitrve.

The shape of * .« curve is dependent upun the degree of development of the irradiated film
in that, as development i3 increased, a given exposure will produce increasing values of density
until the point 18 reached where density will be unaffected by a {urther increase in development.
This point of complete development should theoretically be reached for optimum accuracy in
sensitometric work. However, owing to the severe limitation which would be noticed in the
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high-density range and to censitometer errors that may result from high-density readings, any
advantages gained may be offset.

Although more control i8 required in the actual developing phase if development is not car-
ciec to completion, several advantages 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 pre: ented in Fig. D.5. The curve designated infinity repres~nts development
to completion. The curves of the incompletely developed films indicate that the range of expo-
sures over-which the film is responsive is extended considerably, covering nearly two orders
of magnitude beyond that exthibited by the completely developed film.

As can be seen from the ficure, the maximum density that an incompletely developed film
can attain is approximately 2.8. A further increase in exposure, rather than an increase in the
density to the saturation point, produces a definite reduction of density, or a reversal in expo-
sure respongse. This effect becomes more pronounced as development is decreased, until 2 point
i{s reached where the reversal is minimized.

The curves for the incompletely developed emulsions indicate that two distinct slopes are
present, and, as development is reduced, both slopes tend to become more nearly equal. The
first slope of the curve is commonly referred (0 a8 the gamma of the D - log E curve.

Gamma initially increases very rapidly with an increase in development time; this rate
subsequently becomes less, and finally levels ofi 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 logariihmi~ response (Fig. D.6). Its
average slope, however, exhibits considerably less change for different developing times than
does the value of gamma.

D.5 PROBLEMS OF FROCESSING CONTROL

Fresh developer must enter the emulsion by diffusion. Once in the emuision, 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 frcm 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 buffer and deveiopment 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 necesgary {5 remove the complexes from the emulsion sur-
face. The method presently employed makes use of 10 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 10 knife-like edges similar to soft-rubber windshield wipers. These blades are
held in near contact with the emuision surface and set up a turbulent flow pattern of developer
as the film and a layer of developer move past them. This agitation system is designed so that
there is iittle chance of damage to the film.,

D.6 CONTROLLED PROCESSING OF RADIATION FILM BADGES

Figure D.6 18 a plot of a comparison of two D log E curves, The dashed line represents
the response of several SO-1112 ilms subjected to a serirs of 400-psec visible-light exposures;
the solid line 18 the response curve of 4 series of calibrated Co%® vxposures. Exposure values
are gven i arbitrary units. Although furiher experimental work must be performed before
conclusive evidence can be drawn from the resolts of Fig. D6, the similarity of the D log E
curve (or the SO-1112 film indicates that white-light exposures may be used for process con-
trol of gamma -radiation exposures.

The development of SO-1112 enrulsions was carried out to 2 high contrast in an effort to
reduce the exposure -evaluation erraas. With the contrast shown in Fig D.6, the evaluation er-
rors are 3 per cent in the lower region of the cuarve and 7 per cent in the upper siope region,
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The resulting D - log E curves display a wide range in gamma-radiation exposure, especially
in comparison to the accepted useful range produced as a result of development to completion,

D.7 PROCESSING PROCEDURE FOR PLUMBBOB FILM BADGES

Included with the cobalt calibration badges were several SO-1112 white-light standards. All
badges were run through the taping machine and developed to a gamma of 1.3, as follows:

Emulaion type MF, No. 1112; MCS 5000; N.D. 1.3

Color: White

Developer: D-76, No. 4

Temperature: 70°F

Time: 2 ft 39 in., 10 double-squeegee wipers, used at 8%/ ft/min

The development gamma at the head of the series was 1.3 and at the taii was 1.29.
D.8 ANALYSIS

The reels of processed badges are mounted on rewinds and wound across the reading sur-
face of an Ansco-Macbeth densitometer. Tv" central readings are made and recorded for each
film. With the readings complete, the calibration films are first compared with previous runs,
and then the shot films are compared with their calibration film. From the results of these
comparisons, analysis charts and graphs can be drawn, and irom these comprehe :sive sum-
maries, the shot doses and the accuracy of the system can be determined.

TABLL D.1— FILM-BADGE CALIBRATION
(DOSE RATE: R/SEC)

Administered Time, sec

dose, R 200 2 x 1o? 2 x 10
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 0.1 0.1 0.001
50 0.25 0.025 0.0025
100 0.05 0.005
200 0.1 0.01
500 0.25 0.025
1 0.05
2 % 10 0.1
5% 108 0.23
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Fig. D.1—EG&C taping machine.
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Fig. D.5—— Effect of developznent tume on the shape of the characteristic curve of & typica!
medium -speed [iim. (Mee:, Theory of the Photograzhic Process, p. 281, The Macmillian
C - >mpany, New York, 1952).
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