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I ABSTRACT

Project 30.2 was conducted to test a reinforced-concrete deal-purpose underground park-
tag garage and personnel shelter designed for a long-duration incident pressure of 40 psi. The

• shelter was exposed to shot Priscilla, an approximately 37-kt 700-ft balloon burst (June 24,
1957), at a ground range of 1600 ft (predicted 35-psl peak Incident-pressure level). The re-

- corded peak incident pressure at the shelter was approxImately 39 psI.
Poatshot soil borings were made to obtain undisturbed samples for determining soil

characteristics.
Preshot and postehot field survey s were made to determine the total lateral and vertical

displacement of the structure.
Blast Instrumentation consisted of Wlancko pressure gauges, Carison earth-pressure

gauges, dynam ic-pressure gauges, and a self-recording pressure gauge. Structural response
- 

- ‘ 
was recorded by Ballistic Research Laboratories deflection gauges. -

Radiation measurements were taken using film dosimeters , gamma-radiation chemical
dosimeters, and one gamma-rate telemeter ing unit.
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Chapt.r 1 .5

.5 

INTRODUCTiON

1.1 OBJECTWES

.5 The primary objective of Proj ect 30.2 was to evaluate the protection afforded by a
reinforced-concrete dual-purpose underground parking garage and personnel shelter against

.5 effects of a nuc lear detonation. Secondary objectives were to obtain additional information re-
garding blast load transmitted to underground structures, to obtain information regarding re-
flected and dynamic pressur es in the ramp and on the entranceway door , to obtain data on

.5 nuclear-radIation attenuation characteri stics of the structure , and to check assumptions used
In design procedure s.

Structure 30.2, a typical full-scale section of the prototype and the largest shelter tested
in (~ eraUon Plumbbob, was located at the predicted SS-psi peak overpressure Level.

b

.5 1.2 BACKGROUND

In the summer of 1956, the Office of Civil and Defense Mobilization (formerly Federal
Civi l Defense Administration) contrac ted with Ainrnann & Whitney, Consulting Engineers, to 

.5

prepare a preliminary layout for a dual-purpose reinforced-concrete underground parking
garage and shelter and to design a structurally representative portion of such a structure to
be exposed to nuclear blast for test purposes.

Studies were made of prototype architectural layouts and various types of roof framing,
which included (1) flat-slab system with drop panels, (2) two-way slab systems with girders

.5 of various depths, and (3) hlpped-plate construction. After consulting with OCDM, the struc-
.5 tore was designed using a flat-slab roof system. Figure 1.1 shows the prototype layout of the
.5 flat-slab type construction.

The structure design i~ based on a peak incident blast pressure of 40 psi and a megaton
range weapon. Daring the test the structure was subjected to a peak incident pressure of
39 plf•

1.3 DE8CRIPTION OF TEST STRUCTURE

The tint section (shown in FIg. 1.2) was a below-grade flat-slab structure with an Interior
V floor area of 7569 sq ft (87 by 87 It) and nine interior columns 29 ft on center (FIg. 1.3). En-

trance into the shelter was by a 14-ft-wide vehicular ramp along one side of the structure
(PIgs. 1.4 and 1.5). The roof slab was 3 ft below grade. The walls of the structure, except
for the exposed wall along the ramp (which was 4 ft I In. thick for radiation protection), were

13 ~~~~~~~~~~~ 
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12 In. thick. The floor slab was S in, thick and the roof slab was 30 In. thick with 14-In, drop
panels 14 ft square. The vertical load was carried to the foundation by circular reinforced-
concrete columns 33 and 36 In. in diameter. The footi ngs were two-way slabs 15 ft to 16 ft
9 in. square. However, the footing near the entranceway was a two-column continuou s mem-
ber. M214mum thickness of the square footings varied from 3 ft ll in. to 4 ft 3 in. The en-
tranceway to the structure (FIgs. 1.6 to 1.8) was protected by a 29-ft Long by 10-ft high by
4-ft 6-In, thick reinforced-concrete rolilng door; there was a 3-in . -wide inflatable rubber
gasket seal around the perimeter.

Operating equipment for the door was not included in this test , and space for maintenance
around the door was kept to a minimum . Although the operation of the test door required more
effort than was anticip ated in the design, this could have been greatly reduced by minor field
adjustments to Improve the as-built tolerances, alignment, smoothness, and lubrication of the
door and frame. .5

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

The structure was located wit h the center line of the ramp radial to Ground Zero (GZ).
FIgure 1.9 indicates the orientation of the structure , main blast line , and goal post and stake
line with respect to GZ.

The design drawi ngs for the test structure are included in Appendix A, and the construc-
.5 tion report is included In Appendix B.

1.4 THEORY

The shelter was designed for dynamic behavior using ultimate strength theory and theo—
.5 retical loadings consistent with a peak incident shock of 40 psi for a megaton -range weapon .t~

The roof slab, columns , footings, and earth-covered walls of the shelter were designed to
utilize additional strain energy available in the elastoplastic and plastic ranges. The exposed
shelter wall and rolling door at the ramp were increased in thickness to provide the radiation
protection specified by OCDM. This additional thickness provided sufficient strength so that

.5 only minimum reinforcement was requ ired to produc e elastic behavior.
The roof slab was designed for a 40-psi long-duration load as a flat slab using yield-line

.5 
theory.3 The earth-covered walls of the shelter were designed for a is -psi long-duration load
as one-way panels spanning vertic ally with the reinforcement continuous with that of the roof
slab. The wall loading for this test was not expected to be greater than 20 per cent of the
inc ident shock. The floor slab was designed for conventional loading plus blast -load reaction
of the walls. The foundations were designed to use an allowable bearing equal to an ultimate
strength of 10 tsf. OCDM recommended the ultimate strength value because the soil-borIng .5

data were not available at that time.
The test structure was intended to be a typical section of an actual garage-shelter struc-

.5 tore, and the design assumed it could be oriented in any direction with respect to GZ. An
actual garage-shelter could also have at least two vehicular ramps oriented in opposite di-

.5 rections, as shown in Fig. 1.1, plus at least two emergency personnel exits.
.5 Because of the alternate means of entrance and exit and the many possible orientations,

it was decided to design the retaining walls for a nominal loading equal to one-third the m ci-
.5 dent pressure acting normal to the wall in either direction. The structure was tested with the

center line of the ramp oriented on a radial line with GZ because this was the most unfavor-
able orientation for the end wall and rolling door at the garage entrance.

The end wall, and to a lesser extent the side walls within the region of nigh reflected and
stagnation pressure, was expected to underg o large plastic deformations and fully util ize the
rest raInt afforded by passiv e resistance of the backfill.

The material strengths used for design of the structure were as follows:
.5 Concrete 4,000 psi (ultimat e)

Reinforcing steel (Intermediate grade) 47,500 psi (yield)
Structural steel 38,000 psi (yield)
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The above stresses were increased In the design to account for rapid strain rates .1
Flizural and/or thrust capacities wars determined from data in Ref. 2; shear capacity

was computed from data Ia Ref. 1 and was checked using available laboratory data.
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• Chaptr2

PROCEDURE

8.1 SOIL UWESTIGATIOt

Soil InvestIgatIons were made by International Test ing Corporation ,’ under the direction
of Holmes and Nerver , at the request of Ammann è Whitney. Three 16-ln.-dlameter borings
40 ft deep and one 4L1n.-dlamet r slaiL 40 ft deep were drilled at the sits of the underground
parking garage (Fig. 2.1). One 48-Ia-diameter stalt and one 16-In.-dlameter boring’ were
drilled at the sits of the nearby test vault, Project 30.4. Th. large-diameter shafts were used
to obtain undluturbed samples at various depths.

The followi ng tests were made on the samples from the 48-in. boles:
1. Field density
2. LIquid and plastic limit
3. Steve analysIs .5

4. Uncoesflned compression tests - -

5. Consolidation tests to determine the natural vertical state of stress
6. TrIaxtal tests

• The soil encountered was unusual in character and possessed remarkable properties.
The soil consisted of many thinly stratified layers cemented together. The soil was very

fine grained (more then 95 per cent passing No. 200 sieve), and was nonpiastic or slightly
plastic In character (0 ~ plasticity index ~ 10). There was little variation In soil material,
but variations In density occurred from layer to layer, or in small pockets. Pronounced
horizontal planes of weakness exIsted. The cementing agent was thought to be calcium carbon-
ate, which existed in some beds in pieces “/~ In. In diameter.

Analysis of the consolidation- and t r4~~~I -te st data from undisturbed samples of soil
removed from the 48-in.-dlameter shafts at the garage structure and the nearby test vault

.5 Indicated that, within the significant depth region, the soil possessed a natural prestress of
about 10 tsf. Table 2.1 contains selected values from the test results. The high tr ’~~~lstresses and small strains at failure are especIally noted as peculiar character istics of this

.5 soil In its natural state.
A complete description of the sampling methods, testing procedures, and teat resu lts Is

contained In Appendix C. Additional information’ is available as a result of the soil-testi ng
program of the Waterways Experiment Station, Vlcksburg, Miss., and Is reported In the
ProJect 3.8 Report , WT-1427.

2.2 SURVEYS
I

Prestiot and poatshot high-order field surve ys of the horizontal and vertical coordinates
of the structure were requested to determine the absOlute and relative lateral and vertical
displacement of the structure during the blast. The survey point. are shown In FIg. 2.2.
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TABLE 2.1—STR ESS-STRAIN RELATIONS. FAI LURE-STRESS CONDIT IONS,
AND SHEARING STRENG TH OF SOILS BY TRIAXI AL TESTS AT

A DEPTH OF 17 FT IN 48-IN. BORINGt OF PROJECT 30.2

Lat.ral stress (ps) Triaxial failure stres s S’t:atn at 
Max. shear ing flP.1 Tat Pal Tst £n./ln. strength, Tat

20 1.44 154 0.06
140/147 10.6 0.04 5.3

40 2.88 217 0.02 .5
238/228 16.4 0.06 8.2

50 3.6 276 19.8 0.07 9.9
61 4.1 19? 14.2 0.08 7.1
80 8.8 3Q31 21.6 0.06 10.8

No failure.

2.3 INSTRUMENTATION

2.3.1 Pressure and Structural Response
Blast instrumentation,’ provided by OCDM, was installed by Ballistic Research L.abora-.5 tories (BRL) and is described in detail In the Project 30.5 Report, WT-1452. Blast instru-

mentatton of the structure proper (Fig. A.1O) consisted of Wiancko pressure gauges, a self -
recording peak-pressure gauge, Carlson earth -pressure gauges, and a dynamic-pressure
gauge near the bottom of the access ramp.

Free-field Incident overpreuure data were supplied by a BRL self-recording pressure -
time gauge located in a ground baffle 10 ft north of the north wall of the structure at about the
same radial distance as the structure (FIg. 1.9). A single self -recording dynamic-pressure
gauge was also located on a 3-ft-high tower 15 ft north of the north wall (Fig. 1.9).

In addition to the f ree-field pressure inst rumentation supplied for Project 30.5, blast-
line Instrumentation1 between 350 and 6000 ft from GZ was supplied by BRL as a part ofProject 1.1. A total of 37 self-recordIng gauges was installe d at 16 stations along the main
blast line to obtain the desired data for shot Prisc illa. Table 2.2 indicates the stat ion num-
bers, distances, and the numbers and types of gauges used. The gauges referred to as P1 are
BRL self-recording pressure—time gauges and q refers to the self-recording dynamic - 

.5pressure —ti me gauges.
Structura l respons e was recorded by BRL deflection gauges. Over-all vertical motion of

the central colum n was referenced to a ZG.5-ft-tong 4-in. -diameter steel pipe, in an overs ized .5

(16 In.) casing, anchored in a conc rete block 26 ft below th, floo r slab (Fig. B.41).

2.3.2 Radiation Instru mentation
Film dosimeters , gamma-radiat ion differenti al chemical doulmeters , and one gamma- .5rate telemetering unit were used to measure radiation . These were supplied by Projects 39.1

(Ref. 6), 39.la (Ref. 7), and 39.9 (Ref. 8) and were located as shown in Fig. 2.3 and described
below . .5

1. Points a through y have two film dosimeter s at each point located 3 and 5 ft above the
floor.

2. Points 1 and u, In addition to the two film dos imeters, have one chemical dosimeter
located 2 ft above the floor.

S. Point a is the telemeter ing unit.
4. Points 1 t hrough 16 have one fIlm dosimet er at each point located as folLow s:

a. Points 1 and 2 are on top of the concrete door bumper.
b. PoInt 3 Is on the ins ide face of the door 4 ft 6 in. above the top of the floor slab.

.5 
c. PoInts 4 and 5 are on the bottom of the door pit on each side of the steel rail.
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TABLE 2.2—SUMMARY OF MAIN BLAST-LINE GAUGE INSTALLATION

Ground range . 
No. of gauges

Station No. ft P-t q’

P1.1-9039.01 350 2
Fl.l-9039.02 450 2
P1.1-9039.03 650 2
F1.1-9040.O1 850 2 1
P1 .1-9040.02 1050 2 1
P1 .1—9041.00 1350 2 2
P1 .1—9042.01 1650 1 1
Fl.1-9042 .02 2000 1 1
P1.1-9042.05 2250 1 1
P1.1-9042.06 2500 1 2

F1.1—9042.07 3000 1 2
P1.1-9042.03 3500 1 1
P1.1-9042.08 4000 1 2
Ft.l-9042.04 4500 1 1
P1.1-9043.01 5000 1 1
P1.1-9043.02 6000 1

Where two q gauges are listed for one station , the second q gauge was
a new design undergoing proof testi ng.

d. Point 6 is on the outside face of the door 4 ft 6 in. above the top of the ramp slab.
e. Points 7 through 16 are on the garage and ramp walls 5 ft above the top of the curb

and sidewalk .
The date of placement of the various detectors located at the points indicated on Fig. 2.3

are as shown In Table 2.3.
P11-ni dosimeters and gamma-rad iation differential chemical dos imeters were used to

measure radiation along the stake and goal -post lines. These were supplied and Installed by
Projects 39. la and 39.1, respectively . Exac t date of placement of the free-field dosimetry is
not known, but it is presumed to be wIthin D —3 before the shot.

TABLE 2.3—DATE OF PLACEMENT OF RADIATION-DETECTION EQUIPMENT

Point Detector type Date placed

a through y Film dosimeter 6— 18—57
I and u Chemical dosimeter

- z Telemetering unIt 6—21—57
1 through 6 Film dosImeter 6-22—57
7 through 16 Film dosimet er 6—20-57

REFERENCES
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Chapter 3

BLAST RESULTS

I.

3.1 STRUCTURAL
p.

The exposed waLl of the garage withstood the blast with no damage . The ramp wall at
column line F had several large cr acks between the end wall and a point about 30 ft up the
ramp (F ig. 3. 1). The top of the ramp side wall opposite the door entrance was pushed into the
earth about 1 ft at the end . The top edge of the ramp wal L farthe r up the ramp showed Litt le

L
a ’ 

• 1

- -
- 

. . . -
~~ 4

Fig. ~I. I — Craieks in r amp side wall oppostli’ door. View from intt .r ior of
ga r u g.- through door opening (post shot).

apparent displacement . Although there was no visible damage to the ramp slab , the slab was
separated up to% in. from the main garage structure at the expansion j oint (Fig. 3.2), and the
i/1 j11~ joint f iller was blow n down or out. Gravel backfill was sucked through the weepers onto
the ramp (Fig. 3.3). More gravel was found opposite the weepers at the mid-lengt h and toward
the top of the ramp tha n opposite the weepers at the lower end.
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Fig. 3.2—Open jo int between ramp slab and wall of main garage stru cture (postehot).

t 
Fig. 3.3—Gravel backfill at weeper. (po.tshot) .
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The end wail of the ramp was the only area badly damaged (FIgs. 3.4 and 3.5). The top
8 ft of the end wall was broken oft as a single unit on a nearLy horizontal plane at the top of the
splice of the vertical ut.sl. It tIpped ii*0 the backfill and slipp.d over th, lower section until
it wedged tightly between the garage wail and the Longitudinal wall of the ramp. It was torn

_ _ _ _ _ _ _ _ _ _  

.5

-
~~~~~~~~~~~~~~~~~~~~~~

_  
- .5

Fig. 3.4—View of ramp looking toward damaged end wal l (po.t.hoU.

loose on a diagonal throug h the cornsr at its junction with the longitudinal retaining wall. In
its final position the top was displaced approxImately 5 ft S in. into th, earth backfill, which
was pashsd iç and mounded. It was est imated that it may have been displaced approxImately .5

8 ft before sliding back. The concrete cover had split off most of the lower section , and the
bars had .eparat.d at the sp lice, apparently without having developed their yield strength.
Near ~~ middle of th. panel where th. concrete had not Split, three bars had fractured after

.5 neckIng down at the top of th. splice (Fig. 3.6).
The bars In the lower section were bent away from the displaced concrete; the cover was

deposited at the base (PIg. 3.7). The remaini ng conc rete behind the bars was reduced to rubble ,
wh ich varied La size from S in. to 3 ft Lu diameter. Fractures , including the one at the bottom
of th. top section of the damaged end wall , revealed no break . through th. aggregate. The con-
crete had also ssparat.d on the plane of the rear-fac e reinforcement .

Tb. end corner of Ut. 1-ft 3-In, parapet wali at the lowe r end of the ramp was cracked as
shown in Fig. 3.5.

The door withstood the blast without any evidence of shifting or diulign ment . Locking
bolts lit the door were Intact and retracted freely (Fig. 3.8). The %-in. cover-p late angle at
the eSposed top edge of the door frame was Repainted from the concrete at several locations.
The 12-in, steel guide plate on the 4.5-ft wall was not made cont inuous as intended and was
torn back by the door during the postshot op ning (FIg. 3.9). The door wheels were not
damaged, and the track was not displaced (Fig. 3.10). The door and end pilaster were partially
blackened by thermal radiation

The pneumatic gasket around the door frame was blown In and torn apart by the blast
presaire (FIg. 3.11). Tb. gasket had a slow leak prior to the shot, and a compressed-air
cylinder was tnstall d outside In the doorway recess to maIntain the air pressure. The
cylin der and air hose were sandbagged and we re not damaged by the blast . No information is
available regarding the condition of the gasket at shot time.

No damage to the garage Interior was observed. Lateral mOvement of the isolated colum ns
was Indicated by a small amount of concrete spell ing and cracking of the floor slab around the

.5 perImeter of the column. The crack ing occurred at the blast side of the columns , and the
spelling occurred at the leeward side .
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Fig. 3.5—Close-up of damaged end wall (poulahot).
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Fig. 3.7—Detail of lower portion of wall (postahot).
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.5 FIg. 3.8—View of door showing locking bolts (po.t.hot),
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~‘Ig. :1.9 —Torn guide. plate’ before’ removal to allow opening of door (po.~sho1).
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Fig. 3.10— Whee’I assembly Limi rails , door part ly open (postahot).

There was no obvious soil settlement in the vicinity of the garage . However , surf ace soil
cracks up to 2% in. wide were opened around the projected perimeter of the roof slab of the
structure. Another surface crack w as opened parallel to the ramp wall at column line ~ (Fig.
1.2) about 6 ft from the outside face of the parapet wall , extending from a position about 30 ft
from the top of the ramp to the crack along column line 5. A similar crack was observed
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Fig. 3.11— Damaged gasket at lower corner of door opening (poste hot ).

about 6 ft away from the ramp wall at column line F, extending as far as column line 3 along
the approximate line of excavation.

3.2 PRESSURE AND STRUCTURA L RESPONSE k
The peak results from records obtained from the Project 30.5 instrumentation progra mt

are summarized in Table s 3.1 to 3.3. Table 3.1 lists the peak values for the Wiancko pressure
gauges which were located on the roLling door and the ramp end and side walls. Resu lts of the
Carlson earth-pressure gauges in the shelter roof slab , rolli ng doo r, and walls, and in the
ramp end and side walls are given in Table 3.2. Table 3.3 contains the peak values obtained
from the deflection gauges pLaced Ins ide the structure and on the ramp .

The BRL self-recording peak-pressure gauge placed within the structure was equipped
with a 5-psi capsule. This gauge func t ioned as required, and a peak interior overpressure of
approximate ly 1.0 paL was recorded . Tb. electronic dynamic-pre ssure (QD) gauge placed at
the base of the ramp was pecked with debris , and no record was obtained . The peak pressu re
obtained from the electronic side-on (

~
) gauge at the base of the ramp was 54.36 pat.

The self-recording pressure -t ime gauge in the free-field ground baffle (Fig. 1.9) recorded .5

a peak pressure of 38.95 psi, and the peak dynamic pressure at the same radial distance was
recorded by a self-recording dynamic-pressure gauge. The peak dynam ic and peak side-on
pressu re. for this gauge were 112 psi (corrected) and 40 psi, respectively.

The pressure—time and deflection—time records for the gauges on the structure (Fig.
A S ) are shown in FIgs. 3.12 to 3.16.

Tabulated resuLts ’ of the maximum values obtained from the blast-line instrumentation
provided by Project 1.1 are given in Tables 3.4 and 3.5. Table 3.4 contains the values for the
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TABLE Li—W IANCKO AUt-PRESSURE-GAUGE MEASUREMENTS
(PEAK VALUE)

Gauge No. Peak press ure . pal Remarks

P1 109.65 Good record (shift during shot)
P2 266.46 Good record (gauge packed with debris)
P3 104.86 Good record
P4 Record no good (faulty connection)
P6 22.04 Good record

a

TABLE S.2—CARLSON EARTh-PRESSURE-GAUGE MEASUREMENTS
(PE AK VALUE)

Gauge No. Peak pressure , psi Remarks .5

P6 21.27 Good record
P7 32.11 Good record
Ps 31.05 Good record
P9 28.17 Good record
Pio Unreadable (system balance changed

before shot)
P11 41.51 Good record
P12 3.55 Good record
P13 2.81 Good record (gro*md pressure did not

return to original zero)
P14 5.05 Good record
Pis No record (gauge cable broken)
Pie Record no good (faulty connectIon)

maximum overpressure, arrival time, positive duration, and total positive-pha se impulse for -

the self-recording pressure-time (Pt) gauges. The maximum values of the total pressure ,
static overpresaure, pressure difference, dynamic pressure , and Mach number for the self -
recording dynamic-pressure (q) gauges are given in Table 3.5. The curve s of maximum over-
pressure vs. ground distance for the Pt gauges are given in Fig. 3.17. Figure 3.18 is the curve .5

of correct ed dynamic pressure vs. ground range for the q gauge maximum values. F

A compl te description of the results obtained from the instrumentation program can be
found in the Proj ect $0.5 Report , WT-1452 (Ref . 1), and the Project 1.1 Report , ITR-1401
(Ref. 2).

A comparIson of the free-field pressure data recorded at the blast-line 1600-ft range
.5 (interpolated from Tables 3.4 and 3.5) with the data recorded by the gauges (Fig. 1.9) adjacent

to the garage (gauges approximately 445 ft from the blast line and 1600 ft from GZ) is given in
Table 3.6.

3.3 RADIATION INSTRUMENTATION

AU radlatlen-detection equipment was located as indicated in Fig. 23.
Owing to the high exterior residual-radiation level, it was not possible to open the struc-

tare until D + 6. Consequently the recovery of all interior radIation-detection equipment was
delayed until this time .

The results of the gamma-radiation film dosimeter . placed at points a through y at the
3- and 5-ft heights and the single film dos imeters at points I and 2 are indicated in Table 3.7.
There are no records available for the film dos imeter . placed on the inside face of the door
or In the door pit, locations 3, 4, and 5.
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TA~~L* 3.3—DEFLECTION -GAUGE MEASUREMENTS (PE AK VALUE)

Peak wire Peak deflection, .5

Gauge No. movement, in. In. Remarks

Dl 0.1198 0.26 Good record (center
column)

D2 0.2551 0.48 Bad record (column
strip)

D3 0.1900 0.32 Good record (column
strip)

D4 0.2913 0.49 Good record (column
strip)

06 0.2274 0.38 Good record (column
strip)

05 0.1889 0.31 Good record (column
strip)

07 0.1182 0.20 Good record (colu mn
strip)

08 0.1133 0.19 Good record (colu mn
strip)

05 0.1761 0.29 Good record (coLumn .5

strip)
010 0.2154 0.46 Good record (center

ci panel)
Dli 0.2723 0.58 Good record (center

of panel)
012 0.2411 0.52 Good record ~center

of panel)
D13 0.1964 0.42 Good record (center

-

.5 of panel)
D14 —0.0572. +0.0434 —0.16, +0 .12 Good record (wall at .5

LIne 5)
-j D15 Unreadable (system

balance changed b.- • p
tore shot)

016 Gauge destroyed at
- blast arriv al

Dl7 Gauge destroyed at
blast arrival

01$ Unreadable (system
- balance changed

before shot)

AU film doaim.tsrs in the ramp that were fastened with a single wire and two ramset
bolt s were dislodged . One of the two exterior film dosimeters fastened with two 1-in, light-
gauge steel straps and four e~ mnslon bolts was damaged and remained on the outside face of
the door (locatIon 6). However , no evaluation of this dos imeter was obtained .

In the interior of the str ucture , at poInts 1 and u, a gamma-radiat ion chemical dosimeter
was located 2 ft above the floor slab. The doses, however, ‘eere too low to be read with the .5

chemical dosimeters.
At poInt s, a pn a-radlatlon tel.msterlng Instrument1 was placed as a part of Project

39.9. The decay pattern for the radiation intensity (mr/hz) vs. time (ufin), as obtained from
this remote radiological monitoring instrument, Is indicated In FIg. 3.19. There Is no record
fro m time of dstonatlon until Urns of first challenge (H +5 miii); therefore the integrated dose
can.nt be obtatsed from this record.

(Text continues on page 50)
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TABLE L4—P-t GAUGE RESULTS . MAIN BLAST LINE

Ground Maximum Arrival Positive Positive-p hase
rang. , overpressu re, time, deratlon, Impulse.

StatIon ft psi sec sec pal-s.c

F1.l-9039.OL A No record
F 1.l-9039.O1 B 350 1030
F1.l-9039.02A 450 760
F 1.l-9039.02B 450 750 0.175
F1.1-9039.03A 650 480 0.364 0.095 10.562

F1.1-9039.03B 650 400 0.676 0.162 8.896
F1.1-9040.O1A 850 225 0.236 11.957
Fl.1-9040.O1B 850 206
Fl.l-9040.02A 1050 125 0.233 6.156
Fl.1-9040.028 1050 138 0.195 5.613

F1.1-9041.OOA 1350 60.0 0.343 4.503
Fl.l-9041.OOB 1350 62.0 0.512 0.280 4.501
P1.1-9042.01 1650 31.0 0.467 3.973
F1.1-9042.02 2000 16,3
P1.1-9042.05 2250 12.4 0.570 0.687 4.039

P1.1-9042.06 2500 9.2 0.523 0.852 4.179
P1.1—9042.07 3000 9.1 0.727 2 .849
P1.1-9042.03 3500 9.9
P1.1—9042.08 4000 8.8 1.729 0.818 2.595
P1.1-9042.04 4500 7.4

P1.1-9043.01 5000 5.9 0.916
31.1-9043.02 6000 No record

TABLE 3.5—q GAUGE RESULTS, MAIN BLAST LINE1

Pressure Dynamic
Ground Total Static difference pressure Mach
range, pressure. overpressure, ((Pp — P,)~~9. 4 q) , number

StatIon ft psi psi psi psi (u/a)

P1.1-9040.01 850
31.1-9040.02 1050 470.0 125.0 445.0 240.0 3,3
P1.1-9041.00 1350 275.0 60.0 255.0 150.0 3.6
71.l-9041.0ONx 1350
P1.1-9042.01 1650 143.5 31.0 150.0 80.0 2.3
P1.1-9042.02 2000 55.5 23.Ox 44.0 35.0 1.3
F1.1-9042.OSN 2250 48.0 12.4 36.0 27.0 1.4
P1.1—9042.06 2500 47.0 9.2 38.0 25.0 1.3
P1.1-9042.06Nx 2500 35.0 9.2 28.0 19.0 l.a
P1.1—9042.07 3000 29.0 9.1 20.0 15,1 1,0

.5 P1.1-9042.OYNx 3000 26.5 9.1 20.5 17.0 1.04
P1.1-9042.02 3500 11.2 8.6x 3.4 2.8 0.45
31.1-9042.08 4000 10.0 9.0 1.3 1.3 0.29
P1.1-9042.O8N 4000
31.1-9042.04 4500 7.5 6.5* 1.7 1.2 0.29

‘Nr.fers to new q gauge. x valuss are fromqgauge. q4 - corrected dynsmlo prsssurs (sss
ITR-1401). (Pr — P)’ • total head Pilot pressure minus ambient prs.hoc~ static pressure, en-
oorrectsd and containing air and diast component..
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TAB LE 3.6—COMPARISON OF FREE-FIELD PRESSURES

Blast line Garage
(Project 1.1) (Protect 30.5)

Peak incident pressure , psI 35 39
Incident -pressure positive-phase Impulse, psi-sec 4.0
Incident-pressure positive-phase duration , sec 0.43
Peak dynamic pressure , psi (corrected) 89 112

TABLE 3.7—RESULTS OF GAMMA-RADIATION FILM DOSIMETERS

Dosimeter Total dosage, r Dosimeter Total dosage, r
location 3 ft 5 ft Location 3 ft 5 ft

a 0.65 0.65 p 1.6 1.5
b 0.1 0.8 q 1.5 1.6
c 1.2 1.3 r 1.8 1.2
d 1.4 1.3 e 1.4 1.3
o 1.4 1.2 t 1.4 1.3
f 1.2 1.2 u 1.8 1.6
g 1.1 1.2 v 1.2 1.1
h 1.4 1.2 w 1.0 1.0
J 1.4 1.3 x 1.2 1.4
k 1.5 1.6 y 0.01 0.7

m 10 :013 1 12.0 (on concrete-door bumper)
1:0 0:95 2 32.0 (on concrete-door bumper)

0 1.2 1.1
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The goal-post-Us, doss -distance curve for the initial gamma radiation obtained with the
U. 8. AIr Force chemical dosimeter. (Project 39.1) is indicated In FIg. 3.20. These data for
various slant ranges from 410 to 1773 yd are given In Table 3.8. The slant range of the
garage Is approatnlately’ 582 yd. FIgure 3.21 Is a plot of the stake-line dose —distance meas-
urements obtained from th. gamma-radiation film dosimetry of Project 39.la. The data from
which this curve was plotted are shewn in Table 3.9. 
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Fig. 3.20—Goal-post line gamma dose-distance curve.

TABLE 3.8—GOAL-POST-L INE GAMMA DATA

Slant rang.
(D), yd D’ Dose, r RD1

410 1.68 x 10~ 3 x 10’ 5.04 *
470 2.21 * 10’ 2.05 * 10’ 4.53 * 10k’
500 2.5 x 10’ 1.65 * 10 4.13 * 10~
560 3.14 * 10 1.15 x 10’ 3.61 x
650 4.23 * 10~ 6 x 1O~ 2.54 x
560 7.40 x 10~ 1.7 x iO~ 1.26 x lots

1000 1 * l0 7200 7.20 x 10~1383 1.91 x 10 1290 2.46 x 10’
1477 2.18 x 740 1.61 x
1773 3.14 * 152 5.09 ~c 10’
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TABLE 3.9—STAKE-LINE GAMMA DATA•

Slant Dose No. of EGIG Maximum —

distance EGAG con- badges deviation Film
(D). yd Dt tainer.f r 1W’ per point per point, % types read

410 1.16K10 HR
470 2.21 x 10’ HR
500 1.5 * 10 NH
560 3.14 * iø’ MR
680 4.23 * 10’ NH

800 7.4 * 10 NH
1000 1.O * l0 HR
1104 1.22 X 10’ 52  x 10’ 6.34 x 2 0.0 1112
1296 1.68 X 10 1.5 x 10’ 2.52 x 10 2 0.0 1112
1383 • 

1.91 K 10’ HR

147? 2.18 x HR
1450 2.24 x 1~ 725.0 1.62 x 10’ 2 0.69 1112
1614 2.87 x I0’ 327.5 9.4 x 101 2 0.76 606
1773 3.14 K 10’ HR
1892 3.58 * 10’ 168.5 6.03 x 10 2 3.84 510
2090 4.37 K 10 122.5 5.35 x 10 2 2.04 510
2289 5.24 K 10’ 69.0 3.61 K 10’ 2 1.45 510

•Do.. vs. distance: 1Wt vs. D.
tSR. not recovered . -

Recovery of the goal-post-line and stake-line dosimetry was accomplished at H +1% hr
and $ 1w, respectiveLy.

A complete description of the radiation-Instrumentation test results can be obtained from
the Project 39.1, 39.la, and 39.9 reports, ITR-l500 (Ref. 4), WT-1466 (Ref. 5), and WT-1509
(Ref. 3), respectIvely.

3.4 SURVEYS

A comparison of the pro- and postshot surveys taken on the survey points located within
the underground parking garage and on the access-ramp floor Indicated consi derable absolute
movement of all survey points. The pro- and postshot survey values for the coordinates and 

Selevations of these surv ey points are given in Tables 3.10 and 3.11, respectively. All co-
ordinates, azimuths, and bearings are referred to the Nevada State Grid North , which Is
neither true nor magnetic .

Subsequent to the postshot survey, it was learned that the triangulation was of second-
order accuracy (1:10,000 permissible error) and that the average base-line lengths were
over 11,000 ft (FIg. 3.22); therefore this survey cannot be rolled upon for estimating the ab-
solute movement s of the structure. An Inspection of the permanent movement s obtained from
this survey and shown In Table 3.10 Indicated that the structure as a unit moved approzi-
mately 0.10 ft toward GZ and 0.50 ft sideways . The relative displacements of the survey points
should be fairly accur ate, however , and are also included in Table 3.10.

The elevation-surv ey data suilmartzed In Table 3.11 are also subject to considerable
error , although they appear to be quite reasonable. The relative displac ements , which are 

•probably fairly accu rate , give some Indication that the absolute valu es of the permanent mo-
tions were small.

3.5 FREE-F IELD GROUND-MOTION DATA

During shot Priscilla, free-field ground motions were recorded at various depth. below
th. ground surface and various ground ranges in the general vicinity of the test structure..
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- TABLE 3.10—PRE- AND POSTSHOT COORDIN ATES

.5 Absolute Movement relative
.5 Point Preshot POStnbOt movement, ft to point y. ft

- w N 746,055.96 N 746,556.47 0.51 N 0.02 N
- 5 714,547.04 E 714,547.15 0.11 5 0.01 5

.5 ‘ x N 746,589.70 N 746,590.18 0.48 N 0.01 S
- 

5 714,400.53 5 714,400.64 0.11 5 0.01 5
y N 746,625.36 N 746,625.85 0.49 N

- 5 714,411.85 5 714,411.95 0.10 5

a N 746,671.36 N 746,671.85 0.49 N 0
V 

5 714,428.33 5 714 428.43 0.10 5 0
- 

b N 746,664.17 N 746,664.67 0.50 N 0.01 N
5 714,455.24 £ 714,455.34 0.10 5 0

c N 746,658.11 N 746,658.61 0.50 N 0.01 N
B 714,482.52 5 714,482.62 0.10 5 0

d N 748,647.77 N 746,648.36 0.49 N 0
5 714,406.56 5 714,406.66 0.10 B 0

e N 746,644.09 N 746,644.58 0.49 N 0
5 714,422.10 B 714,422.20 0.10 5 0

I N 746,637.92 N 746 638.42 0.50 N 0.01 N
• -

.5 5 714,447.25 B 714,447.35 0.10 E 0
g N 746,630.67 N 746,631 17 0.50 N 0.01 N

— 
5 714,475.35 B 714,475.45 0.10 5 0

4
- - h N ~48,523.47 N 746,626.98 0.51 N 0.02 N I

B 714,490.75 5 714,490.86 0.11 E 0.01 5
k N 746,616.99 N 746,617.48 0.49 N 0

- B 714,414.81 5 714,414.91 0.10 5 0

I N 746,610.91 N 746,611.41 0.50 N 0.01 N S

- 5 714,441.85 B 714,441.96 0.11 E 0.01 5

-~ m N 746,603.70 N 746,604.21 0.51 N 0.02 N
— B 714,469.45 5 714,469.52 0.07 5 0.03 W

- a Not recorded Not recorded
- 

o Not recorded Not recorded
- - 

p N 746,620.40 N 740,620.91 0.51 N 0.02 N
B 714.458.97 5 714,459.06 0.09 £ 0.01 W

The closest location , with respect to the Project 30.2 structure, at wh ich ground-motion data
were recorded was approximately 250 ft (rad ially) from the structure (1350 ft from GZ). The

‘
~ 

- record d peak surface incident overpressure at thIs ground range was 59 psI. These records
include ground-a cceleration and -displacement measurements recorded duri ng Projects 1.4

• (Ref. 6) and 1.5 (Ref . 7).
Summar ized below are the results of the pertinent available free-field data at the 1350-ft

• ground range. These data consist of surface and below-ground acceleration vs. time and dl. -
placement vs. time measurements. Also Included are velocity vs. time , displacement vs.

- time, and shock-spectra ground-motion data comput ed from the acceleration vs. time records.
• Although these measurements were not recorded at the same ground range as the str ucture ,

they are probably representativ, of motions wh ich are In the range of values or somewhat

L higher than free-field ground motions in the vicinity of the structure, consistent with the ac-

- 1 
______ _ _ _ _ _ _ _  
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TABLE 3.ll—PRE- AND POSTSHOT ELEVATIONS

Point Preshot Posisbot Movement, ft 
-
S

y 3061.61 3061.59 0.02 downward
a 3063.67 3063.66 0.01 downward
b 3063.71 3063.69 0.02 downward
o 3063.59 3063.57 0.02 downward
d 3063.55 3063.54 0.01 downward
e 3063.71 3063.74 0.03 downward
1 3053.51 3063.4 8 0.03 downward
g 3063.62 3063.60 0.02 downward
h 3063.67 3063.66 0.01 downward
k 3063.66 3063.64 0.02 downward
1 3063.59 3063.57 0.02 downward

m 3063.36 3063.34 0.02 downward
a Not recorded Not recorded
o Not recorded Not recorded
p Not recorded 3062.14
w Not recorded Not recorded
z Not recorded Not recorded

N. 74S,IS$.70
• - 1.714,500.91POSIT .- ._

-

II71S,U,..3

P1g. 3.22 T~s,s.s m pc4~~ w ol ~~~ os. 30.2.

curacy of the t..t records. In this regard It should be noted that certain Inconsistencies exist ,
and La some cases the reliability of the test data Is uncertain.

The Iree-flald acceleration vs. time ground motions In the horizontal and vertical direc-
tions were recorded by accelerometers enclosed in protective canisters that were buried at
various depths below the ground surface. Table 3.12 lists the peak accelerations recorded

• doimt to øo ft.
The vertical acceleration curves plotted in references 6 and 7 are mainly character ized

by a single sharp peak of acceleration In the downward direction, which becomes lens pro-
nounced with depth. These peaks are preceded and followed by minor disturbances. The hori-

• win! acceleration curves slmw a somewhat $Irnt1~1 wave form. However , the first major
positive (outward from OZ) peek acceler ation ii fo llowed by a pronounced negative peak, which
In some cases Is of greater magnitude than the positive peak.

The acceleration vs. late records of Projects 1.4 and 1.5 were numerically Int.grat.d to
obtain the particle velocity vs. time. The peak values In the vertical and horizontal directions
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are tabulated in Table 3.13. The curves plotted In referenc es 6 and 7 indIcate that the wave
form Is similar to the air pressure, falling off somewhat more rapidly than the pressure and
becoming zero before the end of the positive phase of the air pressure . The peak velocit ies
are downward and outward from GZ for the vertical and horizontal directions , respectIvely .

TABLE 3.12—MEASURED PEAK FREE — F I ELD GROUND ACCELERATION

Project 1.4 Project 1.5
S Depth Vertical Horizontal Depth Vertical Horizontal

5 ft 9.16 g No record Surface 9.1 g —1.3 ~
10 ft 4.84 g No record 10 ft 5.4 g 2.5 g
Below 10 ft No record No record 30 ft 2.2 g No record

SO ft 1.6 g —2.4 g

TABLE 3.13—COMPUTED PEAK FREE-FIELD GROUND VELOC I TY

Pro ject 1.4 Project 1.5
Depth Vert ical Horizontal Dept h Ve rtical Horizont al

5 ft 2.64 fpa No record Surface 3.43 fpa No record
10 ft 1.67 ps No record 10 ft 2.47 Ips 1.90 fpa
Below 10 ft N. record No record 30 ft 1.52 fpa No record

60 (1 1.35 fps 1.45 1ps

Displacement vs . time plot s were also computed from the double integr ation of the ac-
celeration records of Projects 1.4 and 1.5. In additi on, vertical ground displacement . In
Project 1.5 were directly measured by re latlve-dispiacement gauges. The disp lacement
gauges recorded the displacement vs. time relative to the ground surface motion at variou s
depths below the ground surface. Relative displacements were converted to absolute displace-
ments of the surface and gauge ancho rs on the assumption that the deepest gauge anchors
(200 ft below the surface) were not displaced. T The wave forms of the displacement plots ”
exhibit a somewh at gradual time of rise to the peak value , whic h occurs at approximately the
end of the positive phase of the air pressure. Displacement measuremen ts and permanent
displac ements measured at the ground surface by a preahot and postshot first-orde r survey
on a monument located on the ground surfac e at 1350 ft from GZ were used to record perma-
nent vertical displacements. The computed and measured peak transie nt and permanent dIn-
placement s are tabulated in Tables 3.14 and 3.15, respectIvely. Positive values are downward
and outward from OZ for the vert ical and horizontal directions, respectively .

As noted In Tables 3.14 and 3.15, the computed displacements are considerably higher
than the measured displacements. However, since a good deal of judgment is involved In ob-
tam Ing meaningful results In the acceleration-integration computat ions , the measured dis-
placement ncords are generally considered more reliable. The calculated hor izontal dis-
placement (4.30 in.) at the 10-ft depth is unreasonably high and may be In error since it is
usually e~~ cted that, for certain pressure levels and geological conditions, the horizontal
displacemast component will be ~ to ~ of the verti cal value and perhaps equal to the vertical
component , as Indic ated in othe r test results. ’’ It Is noteworthy that th. recorded permanent

• displacements were in the upward direction , whic h Is opposite to the peak transIent-displace-
ment direction. At the higher pressure range s for shot Priscilla the permanent displacements
were downward . A study of the displacement vs. time curves Indicat es that the upward perma-
nest displacement may be a result of th. relatively large upward rebound (compar ed to rebound

.4
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TAB LE 3.14—COMPUTED PEAK TRANSIENT FREE-F I ELD
GROUND DISP LACEMENT V

Project 1.4 Prolect 1.5

Depth Vertical Horizont al Depth Vertical Horizontal

5 ft 2.87 No record Surface 3.69 in. No record
10 ft 1.85 in. No record 10 ft 2.39 in. 4.30 In.
Below 10 ft No record No record 30 ft 2.07 in. No record

60 ft 1.97 in. 0.79 in.

TABLE 3.15—MEASURED VERTICAL FRE E-F iELD
GROUND DISPLACEMEN T (Proje ct 1.5)

Depth Peak transient Permanent Permanent (monument)
.
~

Surface 1.4 In. —0.17 in. —0.06 in.
10 ft 1.0 In. —0.05 In.
30 ft 0.8 In. —0.18 in.
60 ft 0.5 in. —0.03 in.

at the higher pressure ranges) which followed the downward peak . The large upward rebound —

and upward permanent displacements may be due in part to reflected and/or refracted ground-
shock waves from the lowe r soil strata.

Response spectra of ground mot lons were computed for the input ground-motion data
recorded during Project 1.4. A response spectrum Is defined as the maximum response of a
linear si ngle-degree -of -freedom spring -mass syste m relative to the motion of the ground.’”Figure 3.23 shows the vertical displacement spectrum curve for the 5- and 10-ft depths.’
This response spectrum corresponds to the input ground-motion data presented for Project
1.4. Corresponding velocity- and accele ration-spec trum curves can be easily determined

• from shock-spectra theory” as outlined below :

Velocity spectra
Acceleration spectra =

where X Is the displacement -spectra value at freque ncy w , in radians per second, and the
velocity and acceleration units are consistent w ith the unit of dIsplacement.
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Chapter 4 
-
.

DISCUSSION

4.1 RAMP AND DOOR S

The only substantial damage noted in connection with this project was to the retainIng
wall at the end of the ramp where damage was expected (see Sec . 1.4). The peak average
pressure on the end wall was 188 psi (110 psi at the top and 266 psi at the base), considerably
highe r than the peak free-field side-on pressure of 39 to 40 psi recorded at the ground sur - V

face . This was due mainly to reflections and the added effect of the dynamic pressures , which
were muc h higher than the side-on pressures at this range. The dynamic-pressure gauge at
the base of the ramp was packed with debris and did not record . However , the dynamic - -

pressure gauge at the surface did record a peak dynamic pressure (corrected) of 112 psi. A
peak pressure of 105 psi was recorded on the doo r (12 ft from the end wall), and the electronic
side-on gauge (25 ft from the end wall) recorded a peak pressure of 54 psI. These gauge rec- V

S
. ords are of appreciable sign ificance ; however , gauge P4 had a faulty connection and, as a con -

sequence , the pressure back-up in the ramp was not fully def ined. Blast result s were not S

successfully recorded by the Carlson gauges behind the ramp retaining walls or the deflection
• gauges on these walls.

There is evidence that at the time of detonation the upper several feet of backfill behind p 5
the end wail was not compacted in accordance wit h the specifications because of excavation
and backfill ing fOr an inst rumentation cable trenc h after origina l backf illing had been corn- V

pleted. Such a condition would mean that greater deflection would be requ ired before the
maximum passive resIstanc e of the soil was developed. Although the damage to the end wall
is not Impo rtant In connection with this project, the mode of failure Is technically interesting.
Because of its orientation and high pressure loading , the wall was expected to deflect Into the
backfill by yieldi ng of the reinforcement; however , the concrete and reinfo rcement were ex-
pected to remain bonded togethe r, alt hough the concrete would be badly cracked. The com-
plete separation of the top half of the end wall fro m the botto m, disintegration of the lower
portion into loose rubble , separations along the planes of the reinforceme nt , and failure of the V

splices without yieldi ng of the steel can be partial ly attributed to the poor adhesive quality of
the conc rete in place . However , the mode of failure also may have been inf luenced by the
rapid blast loading and the probabi lity that the strength of normal spl ices unde r such Loading —

may be much lower than under static loading. Laboratory data to verify splice efficiencies
under dynamic loadi ng would be highly desirable. The ductility of the wall would be greatly
increased by raisi ng the splice point , weldi ng the splices , using full-lengt h bars (thu s elimi-
nating the splice) , and by providi ng a vertical expansion joint at the intersection with the
long itudIna l wall. High door pressures would hav e been avoided If the ramp had been of a
symmetrical through type without an end wall. However , a through typ e ramp, although de-

S sirable to minimize blast effects , is often not economical or practical .
The recorded peak pressure (22 psi) on the side wall toward the top of the ramp (gauge

PS) was lower than the surface pressure , possibly because of the dynamic pressure flow down
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the ramp. This less-severe fac e load, in combination with a positive surcharge load, produced
no noticeable damage. Altho ugh the side wall of the ramp opposite the garage door was loaded
by the backup of pressure, the loadIng was not as severe as that on the end wall. Therefore
the side wall of the ramp was only moderately cracked, although it appears that there may
have been some bond failure in the cracked area . V

Because of the thickness required for radiation protection , the exposed wall of the garage
and the concrete door were mor e than adequate for the blast effects experienced. No damage
was evident.

The as-built clearances between the door and frame were as high as 1%, In., more than
three t imes that shown on the plans; therefore the pneumatic seal would have been ineffective
even in good working cond itio n. To prevent excessive Inf iltration of the blast pressures, S

clearances at the base were reduc ed prior to the shot by 3- by 3- by ~‘,-In. angles; one leg
was inserted vertically Into the opening, and the other was bolted to the frame. The blast pres-
suree still entered the joint and forced the gasket toward the interior of the she lter , stripping
and tearing It along Its entire length. It Is not known whether or not the compres sed-air cyl -
inder placed prior to the test was adequate to maintain pressure in the gasket up to shot t ime.

4.2 ROOF SLAB AND WAL LS

The peak incident pressure recorded on the grou nd surface was 39 to 40 psi as com pared
to a peak pressur e range of 21 to 42 psi (31 psi average) recorded by the Carism tuges on
the roof surface 3 ft below the ground surface. With the exception of gauge T’ii, th~ surface-
pressure record is consistently larger both in peak pressure and total impulse. This pres-
sure diff erenc e, which is partia lly a smoothi ng of the surf ace-pressure oscillations , may be
attributed to viscoelast ic energy losse s In the so il mass, smoothing out of the wav e form ,
and/or Inadequate sensitivity of the Carlson gauges. Gauge ~9, for example , may give a fair
representation of the peak pressure but does not appear to provide a consistent pressure —

time variation . P.
The friction angle for the earth adjacent to the structure was approximated at 40 deg.

Consequent ly the recorded wail pressures of 2.8 to 5 psi correspond to about a 50 per cent
attenuation of the peak surface pressure with depth.

The absence of cracks on the roof slab and walls indicates that the structure was capable
of resisting the blast load without appreciable inelastic deformation . Analysis of the roof slab
(as built) showed that it had a static flexural capacity of 60.8 psi (5 psi dead load plus 55.8 psi
live load) comp ared to the static desig n load of 45 psi (dead load plus live load). This differ-
ence can be attributed to two factors:

1. There was an increase of 23 per cent in the moment-carrying capacity of the section
due to a misinterpretation of the engineering drawings in the detailing and fabrication of the
transverse and longitudinal tr uss bars.

2. In the desig n computations the lever arm between the load cent roid and the axis of S

rotati on was computed with the assumption that the quarter -panel axis of rotation was the
chord line of the quarter arc of the column capItal , whereas In the postshot analysis the axis
of rotat ion was assumed to pass through the centr oid of the quarter arc of the column capital.
This resulted in an additional increase In static capacity of approximately 10 per cent .

The peak recorded displacement of the cente r of the instrumented roof panel averaged
0.50 In. relative to the base of the columns, whereas the top of the cente r column had a peak —

displacement of 0.25 In. relative to the reference pile below the floor slab. The peak axial
deformation In th. column is estimated at 0.14 in., and therefore the peak slab deflection
relativ e to the top of the columns is estima ted as 0.36 in. The postshot analysis of the as-
built roof slab using the recorded pressure data indicated a peak relative def lection of 0.43
In., which corresp onds to a peak respon se of 45.5 psI (50.5 psI Including dead load).

The 12-In, gauge walls, designed to resist a blast pressure of 15 psi , were not damaged S

by the maximum recorded ~.ll load of 5 psi.

60

- V ~~~~~~~~~~~~~~~~~
-- . 

- - - - V~ •~~~~V.55

.5~~~~~~SV_V _~~~.5 __ V.5.5V~~~~~ V .5 ~~~~~~~~~~~~~~ 5SVS ~~~ ___  -- ~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. ,,i ~



4.3 RADIATION

V All ramp dosimeter s were blown away or badly damaged; consequently results are not
avai lable for review . Based upon the goal .poat-line records, the gamma surface-radIation
dosage at the radius of the Project 30 .2 structure is estimated at 102,000 r . The average in-
ten or dose recorded by the dosimeters in the structure s was 1.2 r , which corre sponds to an
attenuation facto r of 1.2 x 10. 1. Higher interio r doses were recorded on the concrete door

• bumper (12 and 32 r) w here some dust was blown through the torn door sea! -

4.4 FOUNDATION MOTION AND GROUND SHOC K

According to the test results , the relative displacement of the foundation with respect to V

the reference pile was 0.11 in. peak transie nt and 0.02 in. permane nt . Based on the free-field
ground-shock environment data, the range of magnitude of the absolute peak motions of the
foundation and the structure prop er may be roughly est imated since ground motions apparently
occurred below the base of the reference pile . In the vertical direction the peak transIent dis-
placement of the foundation is estimated to be equal to the free-fie ld ground displac ement at a
depth corresp onding to the base of the reference pile plus the relative displacement of the
foundation with respect to the reference pile, i.e ., on the order of 0.8 in. Based on the perma-
nent free -field displacements , recorded to be in the upward direction in the range of 0.03 to 

- V

0.18 in., and the permanent displacement of the foundation relative to the referenc e pile of
0.02 in. (downward) , it is difficult to estimate the permanent displacement of the foundation ,
although it is expected that the permanent disp lacement would not be significantly greater
(upward or downward) than the free-field values .

Although the horizontal free-field displacement test data are limited, a reasonable esti-
mate of the peak horizontal-displacement comp onent is one-half the peak vertical component ,
i.e., on the order of 0.4 in. outward from GZ. The permanent horizontal displacement would
also be less than the vertical component .

Previous test data1’3 have indicated that the peak accelerations for structures are gen-
erallg attenuated from the free -field accelerations , depending on the structure configuration ,
mass , and stiffness of its structural components . The peak vertical acceleratio n of the struc - r
ture is roughly estimated as the free -field acceleration of the ground at a depth corresponding

• to the base of the foundation , which could be on the order of 2 to 3 g. In the horizontal direc- V

tion the peak acceleration of the structure would be less than the vertical direction on the
order of one-half the vertical value. V

It should be noted that the above estimates of the structure motion are approximate and
only indicate the range of magnitude of the motions that the foundation and the structure ex-
perie nqed since the free-field data were not recorded at the same ground range of the st ruc-
ture and , in addition, structure-soil interaction effects during the transient ground-shock
motion were not considered . If it were required , the structure —soil interaction could be ap-
proximated by a detailed dynamic analysis.1~

In view of the high prestress and the state of over-consolidation encountered in the soil 
V

survey , the probable natural static in-place stress —strain relations , failure strengt h, and
shearing strength cannot be less than would be obtained under a lateral stre ss, p3, of 40 psi S
(Table 2.1). The residual lateral pressu re of a soil is commonly taken to be 0.3 to 0.7 times
the prestres s. The residual lateral pressure for the soils encountered here is in excess of
0.4 of the prest ress. Theoretical studies and cor relat~~ns of load -settlement relations from

V plate-bearing tests and from full-scale footings with triaxia l test stress — strain relations 
V

obtained from undisturbed soil samples have shown that the estimated static-failure stress
unde r a footing can be at least 2.5 times the comparable laboratory triax ial-failure stress . T -
This results from the natural confineme nt and restraint conditions afforded to lateral dis-

• placements by the natural soil mass surrounding a footing, which cannot be duplicated by a
simple stress restraint of the lateral stress in a triaxial test . In addition , the eonfining and
restraint influences of the surrounding earth surcharge above the level of the base may in-

V crease this value to 3.0 or more.
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Using tr4h*Ihl data for a lateral stress of 40 psI (2.88 taf), the static -failure stress on the
cestir footing Is computed as 16 tat x 2 5  40 tat (see Appendix C). These postconstruction
analyses Indicated 11*1 the footing sia•s could have been reduced substantially.
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• chapt .r S

CONCLUSIONS AND RECOMMENDATIONS

1. The test structure provided adequate protection from the effects of the test device at
the test GZ distance. Despite failur e of the door seali ng gasket, the rise in pressure In the

V interior did not exceed 1.0 psi.
2. The flat-slab roof and supporting struc ture were more than adequate to resist the

39-psi peak incident test loading.
3. The door design was satisfactory; however , the pneumatic seal around the door f rame

should be replac ed by a rigid mechanically operated seal.
4 . HIgh pressures that acted on the ~ .id retaining wall were the resu lt of the particular

orientation of the structure relative to GZ and the site conditions. The damage that occurred
under these severe circums tances did not impair the usefulness of the ramp for vehic ular use
during the immediate postshot period . In addit ion, an actual shelter —garage structur e would
probably have alternate vehicular and personnel entrances and exits. For this reason the de-
sign strength of the retaining walls need not be increased. However , brittle type fai lure is
undesirable, and therefore in future desig n the details should be modified to produce a more
ductile type behavior.

5. Owing to the factors discussed in Sec. 4.2 , the capacity of the as-bui lt st ructure was
• larger than intended. Consequen tly a prototype desig n could be plac ed at a higher pressure

level. Il ls estimated that , for a megaton typ e weapon , suc h a structure would be adequate for
a peak blast pressure of 50 psi (assu ming an allowable displacement equal to approximate ly
three times the peak equivalent elastic value). It is recommended that the concr ete Strength
for the columns and roof slab be made 5000 psi , which was the value of the as-built slab and
columns of the test stru cture.
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~ Appendix B

CONSTRUCTION

B.1 ÔENERAL

All work was done under contrac t to the U. S. Atomic Energy Commission. The contractor
for the construction of the reinforced-concrete dual-purpose underground parking garage and
personnel shelter was the Lembke, d ough, and King Const ruction Company of Las Vegas , Nev.
Reynolds Electric and Engineering Company supplied the concrete aggregate and miscellane-
ous work required to make the structure rea dy for the test . Holme s & Narver, Inc., prov ided
over-all supervision and coordination as field repre sentatives of the USAE C.

The OCDM, under whose sponsorship the structure was built , was represented at the site
by an Ammann Ii Whitney field represent ative during the major portion of const ruction. The

- 
representative 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. 
V

- Construction, In general, was geared to a very rapid time schedule. This schedule was
closely adhered to despite the many difficult ies that were experienc ed . The schedule called
for a maximum of 75 calendar day s from the scheduled starting date of Mar. 1, 1957. Excava-
tion was started on Marc h 5, and the backfi lling was scheduled to be completed on May 15.

- 
This schedule could not be completely adhered to because of problems that developed during

- construction. These problems will be more fully defined iti Secs. B.3.1 to B.3.9.
- Figures B.1 to B.31 are photographs of the underground parking garage at various stage s

of construction. Deviations from the drawings and specifications are recorded in Sec . B.3.
Table s B.1 and B.2 indicate the schedule s adhered to during the construc t ion phase of the
operation.

B.2 MATERIALS
V B.2.1 Concrete 

-

Concrete was mixed at a central mixing plant operated by Lembke, d ough, and King f -
V -• 

Construction Company . The plant was a portable batche r type installation and was located
approx imately three miles from the stru cture. The concrete was trucked to the st ructure by - -
conventional trans it-mix trucks. During tran arl ortation the conc rete was in a dry state , and

I upon arrival at the construction site the mixing wate r , as predetermined by the concrete -mix
V design, was added to the dry m ix. The conc rete was placed by the use of one or more of the

three following methods: (1) by dumping into a %-cu yd bucket and placing by crane , (2) by
dumping Into concrete buggies and then placing directly , and (3) by placing directly with the
use of concrete chutes.

A total of 87 standard 6- by 12-In, cylinders was taken from the structure for 7- and
V 28-day tests. Also, six preshot and seven postshot 4-In. -diameter cores were taken from the
V roof slab of the structure.
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Tb. results of the concrete strengths, as recorded for the conc rete cylinde rs, are con-
tam ed in Tables 8.3 and B.4. The average values obtained from these tests are summar ized
in Table 8.5.

The concrete strength as recorded from the roof core s is as ind icated in Table B.6.
Figure. B.fl and B.33 show the points at which the pro- and postahot cores , respectively,
were drilled; Fig. B.34 indic ates the portions of the postshot cores that were tested for their
compression strength. The cross sections of the pre - and poatahot core s are Shown in Figs.
B.35 and B.36. Table B.7 gives the typical concrete-mix design used duri ng construction.

5 
B.2.2 Concrete Components

(a) Cement. Monolith type 11 cement was used for the construction of the underground
garage . Batching was by bulk .

(b) Coarse Aggregate. The coarse aggregate , l’/2-tn . graded aggregate, was stockpiled
near the batching plant. Owing to the handling procedure and transport ation methods employed
in moving the aggregate from the crushe r to the stockpile , segregation of the aggregate was
evident in the stockpiled and batched concrete. Site conditions and limited amount of time for
constructIon were the major causes of the poor handling and segregation.

(C) Fin e Aggregate. The fine aggreg ate had additional wind-blown fines (primarily be-
cause of weather conditions at NTS) not indicated in Table B.7.

B.2.3 Conc rete Forms

Wall and roof-slab forms consisted of ~/~- and %-ln. stock plywood panels. Part of the
material used on the OCDM underground parking garage had been used several times before.
Stock for the studs was 2 by 4 in. The columns were formed by use of cardboard spiral
cylinders reinforced with band wire . Since the manufac tured diameter of the cylinder was
36 in. , it was necessary to cut down the diameter of the standa rd cylinders to 33 ix. for
columns 2B, 2D, 4B, and 4D.

B.2.4 Reinforcing Steel

Reinforcing steel used in the struc ture was of Int ermediate grade. The fabrication of the
steel was subcontrac ted by Lemlke, Clough , and King to Triangle Steel Compa ny. SpecImens
of the bars were kept for future tests. The specific location of the bars from which the aped - P
mens were taken was noted. These spec imens , totali ng nine in all , were tested by the Los
Angeles Testing Laborato ry, Los Angeles, Calif .

All reinforcing steel was cut and bent in the shop and then transp orted by flat-bed trucks
to the structure. On the whole the bending operation was adequate. However, In several eec-
tiona of the structure the steel was not fabricated , as shown on the drawings , and therefore
there are variations between the construction details and those shown on the drawings The
deviations from the drawings will be discussed further in Sections B.3.1 to B.3.9.

The yield and ultimate stresses and the percentage of elongat ion of 8-in, reinforcement
specimens tested by the Los Angeles Testing Laboratory are given in Table B.8.

B.2.5 Structural Steel

The structural steel consisted essentially of miscellaneous items such as steel rail, 1—
beam support for the rail, face plates , gauge mounti ngs, anchor bolts , and protection angles
for corners of concrete. Several items were damaged in shipment from the fabrication shop.
These items will be discussed in the following sections.

B.3 CONSTRUCTION OF THE STRUCTURE THR OUGH ITS COMPONENT ITEMS

B.3.1 General

The following sections deal with the procedures used In const ruction of the component
it•ms of the structure and the conditions tha t existed at the complet ion of the construction
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phase of the operation. Also included in this section are all deviations from the drawi ngs and
~ specifications and any additions that were deemed necessary to complete the structure in a

satisfactory manner.

: B.~.2 Excavation
The soil condition that existed at the forward site was of a clayey silt material. A full

V ~ ~ ~ description of the soil is given in Appendix C. The predominant characteristic of the soil, in

~~
- relation to the excavation , was its ability to maintain a vertical cut without shoring. This

~ 
- characteristic made It possible to excavate a minimum working area with conventional back- V

~ 4 
hoeing equipment . Excavation was begun on the ram p and proc eeded downwa rd in stages until

~
i_
~ a depth of 17 ft 2 in. below the ground surface was reached. This placed the depth of the ma-

— 1- chine excavation 6 in. below the bottom of the pro posed 9-in. floor slab. All additiona l exca-
I vation for the wall and column footings was by hand.

B.3.3 Foundation
The footings for columns 2B, 38, 4B, 2C, SC , 4C , and 4D and for the walls on colum n

lines 1, A, and 5 were completed before the Project representatives arrived at the site. It
: was therefore impossible to ascertain whether any dev iation fro m the contract dr awings had

- occurred . The footings for columns 2D and 3D were changed by the designe r from individual
footings to a combined footing. However , the excavation for the individu al footings had been
com pleted prior to receipt of the change order calling for the combined footing . It was there-
fore necessary to backfill the excavated area of the indiv idual footings with lean conc rete to

I bring the bottom elevation up to that required for the combined footing . See Fig. 8.37 for the
backfilled area. There were several deviat ions between the design drawings and the actual

- . reinforcement placement in the combined footing. However, the se were mino r and had negli-
. gible effect upon the structural capacity of the footing.

B.3.4 Columns and Walls
Columns 2B, SB, 4B, 2C, 4C, and 4D were also erected before the Project Officer ’s

representatives arrived at the site. It was therefore Impossible to observe any deviations
S 

from the drawi ngs for the actual construction of these columns. Columns SC , 2D, and 3D were
• supervised during their construction and found correct.

- The 1-ft walls along column lines 1, 5, and A and a section of the 4-ft 6-in , wall on column
line E between column lines 3 and 5 were poured at the same time. The horizontal reinforce-
ment at the intersection of the 1-ft wails was not placed as show n on the design drawi ngs. A - -

corne r splice bar was used to make the joint continuous around the corner in place of the
S detail shown In Fig. A.4. S

B.3.5 Floor Slab

S 
The concrete for the floor slab was poured in two separate operations. The first pour was -

bounded by column lines 3, 5, A, and E. The remainde r of the floor slab was poured the next
day. One deviation of the actual const ructi on from the design drawings was observed. At the
Intersection of the columns and the floor slab, km-aft paper was used in place of mastic as a

- joint fill.

B.3.6 Roof Slab

5 The entire roof slab , Includ ing haunches , was poured in one cont inuous operation. The
pouring of the concrete began about 9:00 p.m. on May 3 and continued through the next day and

-
~~ night until 7:30 am.  on May 5. The total elapsed time of the operation was approximate ly

V 34.5 hr. The concrete placement , once the dry mix arrived at the structure , was performed
V by the three methods (and/or a combination thereof ) descr ibed in Sec . B.2.l. A maximum of

four transit-mix trucks was used durin g the pouring. Two trucks were usually in transit be-
tween the batching plant and the structure while the remaining two trucks were unloadin g, one
by buggies, the other by crane and/or chutes.
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Because of the unfavorable conditions that prevailed, such as climate conditions, time
schedule, inconvenient location for obtaining desired equipment , etc., the predetermined con-
atruction results could not be fully attained by the above operation. innumerable Shrinkage
cracks of a random nature developed over a major portion of the roof slab approximately 10 1 :to ia h&~ after the completion of the pour . Three main areas of the roof slab seemed to be ap-
preciably cracked, each consisting of an area about 10 ft squar e. One ar ea was near the north - •
west corner, one at the west side, and one on the north side , Single and double crack s, along
with transverse cracks, developed in the roof slab above column ZB over an are a of approxi - -‘ -

mately 48 sq ft. Cracks with a depth up to 1 in. were observed at vario us locations in the slab.
At several locations where double cracks were observed, the concrete was chipped out to de- . S

termine the thickness of the reinforcement cover. The cover at one location was about ~ in.,
whereas at the other there was approximately ‘4-In. cover.

The roof-slab concrete -was placed in strips, 10 to 15 ft in width , start ing at the 4-ft 6-in. r
wall on column line E and proceeding toward the opposite side of the structu re. Pour joint s,
the length of the str ucture , were apparent between adjacent strips. At each joint the late r pour
tended to lap over the surface of the earlier pour. It was indicated by the contractor and the
inspectors that the str ip. were poured at approx imately 4-hr interval s. At the east edge of the
slab there was a rock pocket along the feathered slope of one of the slab pour joints.

After completion of the roof-slab concr ete placement , a conferenc e was held by the
participating organizations Involved in the construction . It was recommended at this meeting -that an earth dam be formed around the roof slab and then, by flooding with several inches ofV 

water, to cure the concrete for several days. Owing to the time element involved in the test
program, it was found impossible to perform the above cur ing process. A photograph of a
typical crack pattern present at various locations in the roof slab is shown in Fig. B.29.

Before the concrete of the roof slab was placed , the reinforcement was checked for cor-
rect placement and size. Minor deviations were noted but were not serious enough to effect
the structural capacity. Upon completion of the roof-slab pour, a rough leveling survey was
performed on the slab. The results of this survey indicated a variation of approximately 3 In.
in elevation at various points on the slab.

8.3.7 Rolling Door and Door Frame
V Prior to the erection of the roof-slab formwork , the pilasters and upper beam supports Vfor the door wer e poured. After placement of the reinforcem ent but prior to the pouri ng of the

roof, six 2-ft-square openings were boxed out of the roof stab above the closed position of the
door to facilitate the pouri ng of the door. The reinforcement across the openings was cut off2 in. inside the openings. Upon completion of the pou ring of the door, reinforcing bars were
welded to the 2-in, extensions. Figure B.38 indicates the location of the access openings.

The structural-steel elements of the door were assembled in three stages. The bottom
section, with the wheels prewelded to it , was placed on the steel rail. This sect ion of the
frame was then positioned under the openings in the roof slab and shored at 2-ft intervals.
The two side sections were then lowered into position and welded to the lower section. The
top section was subsequently placed and welded to the sides. The placement of the reinf orcing
steel and the erection of the formwork were then completed . The door was finally poured
through the access openings in the roof slab.

V Allowable clearan ces around the door were generally great er than the maximums specified.
The width of the door pit and the door clearances are indicated in Figs. B.39 and B.40, reapec-
tively.

B.3.8 Ramp Slab and Walls
The floor slab of the ramp was poured in two sections. The first pour consisted of panels

A, B, and C, inclusive (see Appendix A, Fig. A.5). The rema ining portion of the slab (panels
D, E, and F) was poured approximately seven days later. The wails of the ramp were poured
in a sequenc, similar to the floo r stab but at a later date. At several places along the ramp,
honeycombed areas were observed at the intersection of the walls and floor slab. All the
honeycombed areas were pouted pri or to the completion of the structure.
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B.3.9 Miscellaneous Items
The face plates for the rolling door and all corner protection angles were poured integral

- with the various concrete members they framed into. The face plates were not made continu-
- ous the entire length of the door pit. This deviation frovi the design drawi ngs caused some

• poatahot door-operating difficulty.
To operate the door preshot, it was necessary to chip the pilaster concrete. The specific

areas where chipping was required are shown in Fig. B.39.
AU anchor bolts that were not placed prior to pouring were ramset upon completion of

S 

the structure.
The gasket assembly shown in Fig. A.7 of Appendix A was found to be out of alignment

when delivered to the site. Before installation the entire assembly was placed in good working
— order. The specified 3-in.-wide (flat diameter) rubber-hose gasket was replaced by one having

V a 2-in, diameter (round).
The reference pile detail for deflection gauge Dl (shown on Fig. A.1l) was revised at the

site to utilize an existing 16-in, steel pile used in the bori ng survey. The revised detail is
shown in Fig. B.41.

- B.4 SUMMARY OF CONSTRUCTION

V When the backfilling had been completed , the instrumentation , as described in Sec. 2.3,
- 

- was installed. The face plate s for the rolling door were lubricated , and the door as a whole
was placed in good working order. All construction debris was removed from the site.
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TABLE B.1—SCHEDULE OF CONSTRUCTION ’

S Concrete pours
FormsQuantity, _____________ Steel

Items Date cu yd Placed Stripped placed Remarks

Column footings

2B 3/18/57 27 3/15/57 3/22/57 3/16/51 
5

35 3/18/57 32 3/15/57 3/22/57 3/16/57
4B 3/15/5? 2? 3/13/5? 3/22/57 3/14/57
2C 3/19/57 32 3/16/57 3/23/57 3/16/57 . S

3C 3/18/5? 35 3/15/57 3/22/57 3/15/57 ‘V
4C 3/19/57 32 3/16/57 3/23/57 3/16/57
4D 3/19/57 27 3/15/57 3/23/67 3/16/57

Combined footings 4/3/57 250 4/2/57 3/6/57 4/5/57
Walls on eolumn lines

1 4/9/57 47 4/4 to 4/8 4/11/57 4/4 to 4/8
5 4/9/57 55 4/4 to 4/8 4/11/57 4/4 to 4/8
A 4/9/57 55 4/4to 4/8 4/11/57 4/4 to 4/8
E 4/9/57 242 4/4 to 4/8 4/11/57 4/4 to 4/5

Floor slab 4/18/57 220 4/16/57 One-hall of slab poured
4/17/57

Root slab 6/3 to 5/5 950 5/3/57 5/18/57 5/3/57 Opening left for door
erection

Parapet on root 3/29/67 15 5/28/57 6/1/57 4/4 to 4/8
S Rolling door 5/24/57 48 5/24/57 5/27/57 5/33/57 -

‘Excavation started 3/15/57, finIshed 3/28/57; backftlling started 6/1/57. finIshed SC1/57.

_ _ _ _ _ _ _ _ _
TABLE 5.2—SCHEDULE OF CONSTRUCT ION

Concrete pours
Quantity. Forms Steel

kems Date Cu yd Placed Stripped placed

Columns
25 3/27/57 1.8 3/26/57 4/11/57 3/55/57 - 

S

3B 3/37/57 2.2 3/26/57 4/11/57 3/25/57
4B 3/37/57 1.8 3/26/57 4/11/57 3/25/57
2C 3/21/57 2.2 3/26/57 4/12/57 3/25/57
SC 4~l5/57 2.2 4/16/57 4/50/57 4/15/57
4C 3/27/57 2.2 3/26/57 4/12/57 3/56/57
2D 4/15/57 3.3 4/16/57 4/50/57 4/15/57
31) 4/16/57 3.2 4/15/57 4/50/57 4/15/57
4D 3/27/57 1.8 3/36/57 4/12/57 3/25/57

Ramp walls
Panel A 6/17/57 82 5/13/57 5/18/57 5/10/57
Panel B 5/17/57 20 6/13/57 5/22/57 5/10/67 

—

Panel C 5/17/57 15 5/13/57 5/22/57 5/10/57
Panel D 5/23/57 21 5/20/57 5/26/57 5/16/57
Panel E 5/33/57 13 5/20/57 5/55/57 5/16/57
Panel F 5/23/57 5 5/30/57 6/55/57 6/16/57

Ramp, panel
ABC 5/1/57 197 4/29/57 5/8/57 5/1/57

Slab, panel
DEF 5/7/57 100 4/29/57 5/8/57 5/6/57
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TABLE B.5—AVZRAOE VALUES 0? CONCRETE STRENGTh

• Average t .t  results, psi

Member 7 Days 28 Days

Column and wall footings 4040 4030
• Columns B-2, B-S. B-4, 3090 4310 ‘5

• C-2, C-4, and D-4
• Fotmdatlon Un. E 2800 3590

Walls 3800
Floor slab 2350 3560
fool slab 2800* 3860*
Ramp slab 3350 4190
Ramp walls 2740 3500
Door 3040 4180

* Does not Include cylinder. from filled-In area ci root slab.

_ _ _ _ _ _ _TABLE LI—LABORATORY TEST RESULTS (4-IN.-DIAM ETER CORES)

Depth Diameter Length of
ci ot test test

Core slab , sample, sample, Strength,
No. In. In. In. psi

Prophet
1 29% 4 3 3980
2 29~/ 4 8 3810
3 29% 4 8 4578
4 30 4 8 3130
5 30*4 4 8 4950
1 29% 4 8

Postibot
1 27% 4 9% 4970
2 45 3% eU/is 5535
8 s% a% 5920
4A 44% s% e~/~ 3790
4B 44*4 s% 8% 4410
5 30*4 4 3S/i 5~30
IA 46% 4 e% uso
SB 45*4 4 7%
7 30% 4 8% 4290
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P - -) TABLE B.7—TYP EC AL CONCRET E-MUC DESIGN

Per oeat passing U. I. standar d Si,,.

• II. ~~ .1.. Fin. aggregate Coarso aggregate Cembland

l i i i .  100.0 100.0
P. 1*. 50.0 76.4

• % Ia. 11.6 49.2
94 100.0 1.4 43.3
08 78.8 33.5
01$ 57.0 34.3

• 030 32.9 14.0
050 111.8 7.8
0 100 4.3 1.8
P. N. 3.001 7.280 5.498

~~scfftc gravity
(8. .nd S.D.) $ 4’I 2.665

Mtx deslgn for one cubic yard ot concrete Ia 4500 psi.
• Absolut, volume of a rsgat. Ia on. cubic yard of concrete— 10.22 cu ft.
• Weight of on. cubic yard batch of aggregate— 3343 lb.

Absolute vol.,
Per cent Ratob we., lb on ft

Gravel 2100 12.11
and, dry 38 1095 7.11
Free water In sand , 5.76 gal 4.35 48 0.77

ii~~ 1143
Water, added 27.4 gal 228 3.66
Cement , 7.0 sack. 658 3.35

• Total $7.00
Maximum slump • S in.

TABLE 0.8—LABORATORY TEST RESULTS OF REINFORCEMENT

• Yield’ Ultimate
Nominal str ess, stress , Per o.ntf

ala. D.format$cn psi psi elongation , in.

3 Columbia 45,182 75,455 14.9
• 4 Columbia 52,290 79,081 *0.4

S Bethlehem 45,928 73,941 23.5
8 Columbia 48,180 80,315 21.9
7 ColumbIa 49,551 77,405 23.5
8 Bethleb.m 47,605 77,338 195
0 Bethleh em 48,470 75,600 23.0• 10 Bethlehem 46,375 75,687 20.4

11 
— 

Bethl.h.m 47,102 78,113 21.5

‘Average yield stress • 47,978 psI.
~ Per cent of slongation I. based on an 8-In, specimen.

• _____ •_~~~~~_~1i~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fig B 1—Pl acement of w&l t conc~~te using t~~mie*

• I

I
• Fi g. B.2 Nort h wail wi th roof reinfo rcement shoring in place.
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Fig. 0.3—Gra ding of sub-base gmvel.
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• Fig. 8.4 Erection of column and capital fcrmwork.
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Fig. 8.5—Placing f loor-slab reinforcement.

Fig. LO Placement al floor-slab concrete.
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• Fi g. 8.7 Puddling and finishing of floor slab.
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Fig. 8.S Reinforc.m.ne and incomplete formwork for west door pilaster.
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I,
Fig. 8.9—Guide plates and bumper fo, rolling door.

I~~~~~~~~~~~~~~~~~~~~~
Fig. B.lO PastIsl reinforcement and fo rmwovk for east door pilaster .
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Pig. 8.11—Aerial view of s~ ucture while erecting roof-slab formwork. -~
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Fig. 8.l2 Aerial view of suucinr e while erecting roof-slab formwcdt .
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Fig. L13 Pouri ng of west door pilaster concrete using uemtes.

‘S

Fig. B. l4 Co.um n dowel detail at combined footing.
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- Fig. 5.15—Pa rtial roof-slab reinforcement at north east corner.
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Fig. 8.l6 Typlcal Individua l column foot ing before bac kfiRing.
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Fig B 1~~~~P lacement of en~ ance ramp re inforcement I

L 

Fig. 0.18—Placement of entranc e ramp reinforcement.
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• Fig. 8.l9 Gar age roof -slab formwork erected.

“ I

Fig. B.2O 8ottoni-mat roof-slab reinforcement partially placed.
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Fig. L2l Typical bottom-mat reinforcement details at column.
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Fig. 3.22—Bottom-mat re inforcement details over rolling door.
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Fig. B.23—Top-ma t reinforcement details over rolling door.

1- U

Fig. 3.24 Pardally completed roof-slab reinforcement.
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Fig. B.2S Psr tIally completed roof-slab reinforcement.

I
Fig, 8,28 Rein foicement detail , at typical lap. I
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Fig. B.2l Placement of roof-slab concrete using buggies.

t

Fig. B.28 Roof-slab concrete placement completed. Note strip pattern of placement.
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Fig. 0.29—Shri nkage cracks in root-slab concrete.

.:

- Fig. L30 Honeycombed are, on under side of roof slab. -~~
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Fig~ 8.31—Rolling-door pit before installation of rail. I
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Fig. L32 Location of pesihot core holes in roof slab.
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Fig. 8.33 Location of postihot core holes in roof slab.
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App.ndix C

SOILS INVESTIGATION

C l  TEST BORINGS

Test borings consisted of three 16-in. -diameter holes1 ranging from 42 to 46 ft deep, and
one 48-in. -diameter borIng 40 ft deep. The boring locations are shown in Fig. 2.1.

C S  OBTAINING SOIL SAMPLES
- • 

A rotary-bucket rig was used to drill the 16- and 48-in, borings. Disturbed samples were
recovered at 2-ft intervals from the 16-In , boring. Undisturbed samples were obtained from
the 48-tn. boring.

Three typ.s of samples were taken: (1) disturbed bag sample. were obtained from the
rotary bucket; (2) driven samples were taken In thin-wall brass liners ‘with a split-spoon
sampler; and (3) undisturbed block samples were cut by hand in the borings and sealed In
paraffin.

The driven samples were found to be badly disturbed as a result of the heavy drivin g
necessary to obtain them. Becaus, of th. high resistance to drivi ng, driven samples could
only be taken within a few feet of th. surface. Recover y was poor, and the thinly stratified
material could not be extracted from the brass tubes without further disturbance of the ma-
terial. Extract ion of th. samples by cutting the tube was only partially successful and did not
eliminate further disturbance of the sample. The driven sample s were therefore set aside.

Owing to the friable nature of the soil, difficulty was encountered in preparing test speci-
mens from the block samples.

C.3 TEST PROCEDURE

C.3.1 Liquid and Plastic Limits

Uquld-limtt tests were performed In accordance with the requirements of American
Association of State Highway Officials (AASNO) Designation T-86, ‘Btandard Method of Deter-
mining the Liquid Limit of Soils,” mechanical method. Plastic-limit tests were perforated in

— accordance with the requirements of AASHO Designation T40 “Standard Method of Determini ng
• the Plastic Limit of Soils.’ No unusual difficulties were experienced in the liquid- and plasti c-

limit testi ng program.

• C.3.2 Sill. Analysis
The stave analyses were performed in accordance with requirements of the American

Society for Testin g Matirlala (ASTM) Dssignat*on D-1140, “Standard Method of Test for
Amount of Material in Soils Finer then the No. 300 Si.,.,” exc.pt that the No. 40 sieve was
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not utilized and the No. 270 and No. 400 sIeves were used. The small amount of material that
was occasionally retained on the No. 8 sIeve was an angular chip-like light-gray material ,
probably largely calcium carbonate. 

I 
-

Soaking the samples did not produce the normally expected resu lts. Even after prolonged
soaking and vigorous agitation (with the mechanical stirring apparatus), the quantity and size
of clumps was not great ly reduced. The clumps were broken down by very lightly rubbing the
mater ia l under running water on the No. 200 steve.

C.3.3 Field Density
(a) Wax Method. The fieLd density of undisturbed sample s was determined in accordan ce - 

-

with the method described In AASHO Designation T-147, “Standard Method of Test for the
Field Density of Soil In-Place,~’ except that when samples of prop er size were waxed in the

& field , the weight of the soil and the weight of the paraff in were determ ined after the sample
had been immersed in the volumetric apparatus. This was accompl ished by carefu lly sepa-
rating the paraffin and soil into containers and weighing each material.

(b) Consoisdometer Rtsg Method . A fte r consolidatio n testing, samples removed from the
consolldometers were weighed , dried in the rings, reweighed, and the dry density computed .

C.3.4 Consolidation

Consolidation samples 2.37 In. in diameter by 1 in. deep were cut front block samples
with the st ratification hori zontal. The samples were tested at field moisture content . Some
slight loss of moisture from the specimens probably took place dur ing the test , but the effect
of this loss, if any, Is considered negligible .

The samples were tested on fixed-ri ng beam-loadi ng consolidometers. The samples
were loaded by progressively doubling the previous load over the range 575 to 36,800 psf , with
an Intermediate loading at 27,600 psi. The next load was applied when two successive con-
solidation dial reading. at half-hour Interv als showed less than 0.01 per cent consolidation .
The loading procedure Included an unload-reload cycle in accordance with the method do-
scribed in the article “Importance of Natural Controlli ng Conditions Upon Triaxial Compre s-
sion Test Conditions,” by D. M. Burmister, published in Special Technica l Publication No.
106 of ASTM. The duration of the consolidation t.st., with the unload —re Load cycle, varied
from 33 to 114 hr , with an average length of 71 hr.

C.3.5 Triaxial Shear
Triazial shear -test specimens were carved from block samples with the axis of the sample

normal to the bedding planes. The specimens were approximate ly 2% In. in diameter and
varied In length from 4 to 41/, in. The ends of the specimens were trimmed as near ly square
as possible and capped with either plaste r of Paris or a stiff water—soil mixture.

- ~
- The samples were preconsolidated at 0.6 p,, chamber pressu re for approximately 1 hr , or

until no further change In length of the specimen was observed. After preconsolidatlon the
samples were tested at chamber pressures va rying from 10 to 80 psI. In at least one instance,
the higher chambe r pressure resu lted in an axial Load approaching the capaci ty of the 1500-lb
axial-load proving ring. During the testing the rate of axial strain on the provi ng ring was
0.05 in. per m m .  Except for the extreme care required in the handling of samples, no unusual
difficulties were experienced in the triaxial testing program,

c.s.e Uncoofin.~ Compression
Samples for unconf ined compression tests were prepared in the same manne r as for

triaxial shear tests. The size of the samples varied from app roximately 1% to 2% in. in •
diameter, with an approximate height of 2 diameters. During the testing the rate of axial Fstrain was approximately 0.05 In. per m m .  In several instances unconf ined compression
apeclmens shattered at failure.
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C.4 TEST RESULTS

C.4.1 DescriptIon and Classification of Material
Throughout the area there was little variation in lbs material sampLes. La the 4$-ia.

boring the material was a clayey silt having a plasticity index ranging from 0 to S. The soil,
In general, was thinly stratified . In places, there were as many as twenty horizontal beds to
i in. of depth with variation In density from bed to bed of the same type of material. Var iation
in material Is more marked from one bed to the next than over a depth of several feet . Pro-
nounced horizontal planes of weakness existed in places with only slight cohesion across the
faces.

Pockets and layers of soil of high void ratIo were frequent and were the cause of loss of
many specimens daring carving. Most of the pockets encountered were small and of the order
of I cu in. in volume. The pockets were thought to account for some of the low densities
measured by the waxed-sample method. The soil broke up rapidly in water. The cementing
agent was thought to be calcium carbonate, which also existed in some beds in pieces about
8-mesh size.

The results of the liquid- and plastIc-Limit teats, the sieve analyses, and the field density
and moisture-content tests are shown In Table C.1.

C.4.2 ConsolIdation Characteristics
The results of the consolidation teats are shown in Table C.2. It should be pointed out

that the consolidation tests were run for the sole purpose of establishing a value of the natural
pr estr.ss p~ and that the results reflect the consolidation characterIstics of the material only
at the fieLd moisture content. The consolidation characteristics are thought to be more typical
of the denser strata because of the difficulty In cutti ng teat specimens from the more friable
low-density materials . A typical consolidatIon stress-strain relation is illustrated in Pig. C.l.

C.4.3 Strength Characteristics
Summaries of the tr lazial and the unconfined compression-test results are given in

Tables C.3 and C.4.
The Mohr circles b r  peak shear strengths at various depths in the 43-in, bori ng have

been plotted, and a suggested peak shear envelope has been developed. Tb. suggested peak
shear envelope I. shown in Pig. C.2. P1

It should be noted that the soil-strength suggested values on Pig. C.2 are likely to be
higher than actual strengths for several reasons:

1. The specimens are loaded at right angles to the planes of weakness of the material.
2. Samples could be taken only of the stronger materials in the field , and specimens

could be cut only from the stronger portion of these.
3. Peak shear strengths are used in plotting the Mohr circles. The applicable shear-

strength value depends on the type, durktion, and direction of loading anticipated in the field,
and the shear envelopes are therefore recorded as ~suggested shear envelopes.”

4. Tests were performed on the specimens at field moIsture content. At increased
moisture content the shear strength of the materials tested would be greatly rediaced.

For additional soils test data see Chaps. 2 and 3.
Appendix C, as well as the information presented In Chaps. 3 and 3, has been based on 

Lthe data presented In Ref 1.
a

REFERENCE

• 1. Soil Test Data , Frenc hman Flat , Nevada Test Site, Mercury, Nevada, prepared by Nevada
Testing Laboratories , Ltd., Las Vegas, Nevada, and International Testing Corporation,
Long Beach, California.
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TABLE C l—SUMMARY or lOI1.-(~LA15IflCAT1oN T*sT

i$-Ia.-diaiseter Boring No. ?, Disturbed 0.’n$..
M A .

Depth w No. 6 No. 200 No. $70 No. 400 LL. P.L. P.1.

* 7.1 89 73 69 60 ILl 18.3 4.5 -
~~~~

4 5.7 100 00 Si 73 1’
O 11.1 100 N 94 59 31.6 26.5 3.3
$ 11.? 100 64 61 14
10 LI 100 83 91 57.5
11 1*4 100 96 95 92
14 11.1 100 100
11 lOS 100 19
16 17.1 100 99
20 13,4 100 98
22 16~i- 100 99
24 i4.5 100 99
26 18.1 100 90
2$ 15.S 100 80
30 13.8 100 57
3* 13.6 100 II
34 1*3 100 99
30 13.6 100 N
36 14.3 100 16
40 13.0 100 93
43 13.4 100 83

L 

ll-in. -dIameI. r Boring No. 8, DIsturbed Sample.
M. A.

Depth w No. 1 No. 200

2 7.8 91 83
4 7.5 100 91
6 11.1 100 81
• 13.0 100 95

— 10 11.7 100 11
12 9.1 100 97
14 9.3 100 91
16 6.4 100 tOO
15 11.? 100 100
20 11.1 100 99
2* 11.1 100 91
24 11.1 100 99
26 9.3 100 100
28 17.1 100 99
30 12.4 100 96
32 13.0 100 11
34 14.3 100 II
36 14.3 100 12
38 16.3 100 94
40 145 100 93
42 14.3 100 95
44 14.9 100 95
46 15.6 100 93 a
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TABLE C.1.—(Ccstiaued)

48-in.-diameter Boring No. 11, Undisturbed Rample.
I

, .  
M A .

- ~. - Depth y w No. 8 No. 270 L.L. P.L. P.L

2
4
S
6 576 6.0
7 ii. 10.0 100 99 37.0 31.8 5.2
8

10

12

14
15
18
17 100 96 31.0 23.4 7.1
18

20 98 14.3 100 95 32.8 258 7.0

22

24
25 585 14.1 100 15
26 184 15.4

28
181 15.4

30 ~ 85 14.4 100 98 32.0 25.9 6.7
I.sa 10.5

32

34
77 15.8

38

38
566 15.6

40 171 13.8 100 91 32.9 26.9 6.0

y, dry twit. wt. % w, moisture content, %s M.A., material passing Indicated sieve, % L.L., liquid
Umlt P.L., plastic limit; and P.1.. plasticity Index.
‘The soil tested waa stratified and fissured silty clay and clays~r silt.
Note: Boring No. ? I. Located 14 ft 6 in. seat of the structure working point (FIg. 2.1); boring

No. 8 is located 14 ft 6 in, welt of the structu~~ worki ng point (Fig. 2.lh and boring No. 11 ii
located 14 ft 6 in. south ci the structure working polat (Fig. 2.1).

C
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TABLE C.3—IUMMARY OF CONSOLIDAT~)N-TE8T RESULTS
(4$-In. BorIng, Undisturbed Samples)

Test No. Depth, ft Prastreas (p~). (of

C—14 Ito ? 4.3
C—li 15 to 17 5.3
C-I 30 9.2
C-I 25 9.2
C—? 30 7,5
C-lO 35 6.4
C—1* 40 6.1

TABLE C.3— SUMMARY OF TRIAXIAL TESTS
(48-in. Boring, Project 30.4)

Restraint Maximum
stress triaxiaL stress

Test No. Depth, ft 0.6 p ,. psi (O~ ), psi (ert~ar~), psi Remarks

T—5 lI to l? 61 11 117
TO 40 to 42 01 20 217
T-7 3S to 3S 82 82 233 bacompl.t., fallure

40104* 67 67 302 No fallure
T-9 40 to 42 67 10 222 Ret.s t cf T-
T—10 lS to il 61 20 154
T—11 18 to 17 61 80 303 No failure
T-l2 15 to 17 61 40 217 Retest of T—ll
T—13 lS to l7 61 20 170
T—14 15 10 17 61 40 238
T—lS lI to l? 61 50 278 03

T-16 25 to 27 40 40 228
T-l? Swnpl. run as tmconfined compression U-10
T-1$ 40 to 42 87 10 204 p s  natural pres tzwss

on soil
T—i$ 40 to 42 67 40 280 — restraint stress

- trlaxial streu

TABLE C.4—SUMMABY OP UNCONFINED COMPRESSION TESTS
(4*-in. Boring, Proj ect 30.4)

Maximum
triaxial stress

Test No. Depth , ft (e,-eØ. psi Remarks

U-I IS to lS 3?
U—I 25 to *1 80
U-I 15 1017 50
U—S lI to l? 46
U-I 3S to 3S 101 Rstest o( T-7
U-? Ito? 3$
U-I 25 10 27 16
U4 40to 42 172
U lO 15 1017 3$
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App.ndix D

POSTSHOT DYNAMIC ANALYSIS OF ROOF SLAB

D.1 GENERAL

The dual-purpose reinforced-concrete mass shelter was designed by conventional ultimate-
strength theory using pressure —time relatIonships developed partly from theoretical data and
partly from the test results of Operation Teapot. A shelter of this type was constructed at the
theoretical 35-psi overpre ssure level and tested during shot Priscilla of Operation Plumbbob.
This appendix presents the results of a postshot dynamic analysis on the roof slab of the
shelter using the as-built construction and the recorded blast loading.

D.2 BLAST WADING

For the purpose of postshot analysis, the blast loading on the roof slab of this structure
-gas assumed to be the free-air pressure —time load recorded by the ground-baffle gauge, i.e.,
the earth cover was assumed not to attenuate the free-air pressure. The entire earth cover ,
however, was inc luded as part of the effective mass of the slab.

D.3 STRENGTH CRITERIA

The compressive strength of the concrete was 3860 psi and was determined as the average
value obtained from the 28-day test cylinders taken from the roof slab. Reinforcing steel used
in the structure was intermed iate grade with an average static unit stress at yield (as obtained
from test specimens) of 47,076 psi. The dynamic design tensIle and compressive yield stresses
for steel and the dynamic ultimate compressive stress for concrete were Increased over the
static values to account for the rapid strain rates’ caused by the blast loading.

D.4 ARCH ITECTU RAL AND STRUCTURA L DRAWINGS

Architecturally, the shelter was constructed as shown in Fig. 1.2. The as-built drawings
shown in Figs. A.1 to A.6 show the actual reinforcement arrangement placed in the field .
There is very little deviation f rom the original re inforcement details with the exception noted

— 
. 

in Chap. 5 for the roof -slab reinforcement.

_ _ _ _ _

‘The dynamic Inc rease factors used in this analysis are the average values recoin-
mended In EM-1110-345-414. More accurate values can be obtaIned by considering the actual
times of yield and utilizing Figs. 4.15 and 4.20 of the above manual .
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D.5 ANALYSIS

In general, the analysis of the various members of the structure which are exposed to the
blast consist in the solution of the equation of motion

F - R = M ,i

where F = applied blast force
11= internal resistance of the structural member

= mass of an equivalent single-degree-of-freedom system 
- 

- 
-
~

i acceleration of the mass - 
- 

-

This equation of motion can be readily solved by any of several numerical integration1
methods. The numerical method illustrated in this appendix for the analysis of the roof slab
is the “acceleration Impulse extrapolation method,” described in Ref . 2. --

Assume critical axis of rotation for R.~ passes through column capital
v = Poisson’s ratio, assumed zero ~

- 
-

= 3860 psi (28-day results) 
~ av. values of test results -  

- 
-

f = 47,976 psi (use 48,000 psi)j - -

= 3860 (1.3) = 5.02 ksi - -, 
-

tds = 48,000 (1.1) = 52.8 ksi - - 

- 
-

cover-top = 2 In. 
- - 

-

bottom=0.75 in. - 
- 

- - -

M k = A f , (d — a/2) - - 

~~~~~~~~~~ 
-

— 
A,f, ~~~~~~~ 

-

a
~~085~~ , 

- 

- . 
- ~- -

A =pbd — -

Therefore - -

= Pbd~fIII (i — ____ -

If d Is used as the average depth to the longitudinal and transverse reinforcement , one
can use d = t — cover — bar diameter. - -

The computations for the momenta at the particular sections of a typical quarter panel
(see Figs. D.1 and D.2) can be conveniently presented as indicated in Table D.1.

By taking the axis of rotation as passing through the centrold of the arc , one obtains the
lever arm from the axis of rotation to the centroid of the loaded area, 7’ or 1’; the total allow-
able moment on a quarter panel, ZM; and the unit resistance of the member as follows:

Area y = x  U

14.5 (14.5) = 210.25 sq ft 7.25 ft 1525
1.4$S ft —14.3

200.62 sqft 1510.7

1510.7! 7 ~~~~~~~~~~7.53 ft

r =y = 7 . 5 3 —2 . a3 = s.Io ft (axis of rotatlon to CG)

245,400ZM2 ~M, = 2(12) = 10,230 hI

R_ l::
~~
o =1a 31k

Tctal R per pan.i = 4(1931)=7724 k

120
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Unit resistance - (~~~6E = 9.64 ksf 67.0 psi

Relative Moai.M Capacities (typical Interior panel):
/ 

a r~~t ~ik - - - a m b = 29.0,-~~’1.0 ~ -f— ~

— u = v - 7 0 f t , -~~= O 2 4 i 

t ~~~~~ 
32,300 179.5 kin./ln .

- 

- 

~~~ ~~~~~~~~ 
= —756 kin./in. = ~~~ (

~~~i.y.o

(M )1.,~,,.0 = _____ = 256 kin /in = 1 425 (M)..t.ro

- - ~~~~~~~~~ = 
_____ — 239 kin:/in. 1.33 (M)*..ro

-
- - 

- 

— - From Pat. 3, Table 59 (v 0.2 and u/s = 0.241)’ 
- -

- 
-~ 

- 
~~ M,it.r.y.• *0.0316 -

- 
- 

(& 9. /I = 0.1-155 = 3.06 (M)it.ro -

= 0.0175 — 0.554 (M)~-,.o

~~ ~~~~~~ = 0.0476 = 1.507 (M),.,..~

From the comparison abovi It Is seen that the ~~~~~~~~~ section Is critical and will be
the section of first yield. Therefore, from Table 50 of Ref. 3, one obtains the coefficient

= 0.0476 for v 0.2., and - 

- -

(M~,ps/~,ro * * 
. 

- -

To obtain the uniform load correspondi ng to this first yield for i ’=  0, the equation may be
wr itten as

1.2M 239
q”—r 0 0476 —

q .’ 7.lO k.f-4LB psi(for i ’ 0)

It should be noted that the axis of rotation for the ultimate resistance of the quarter panel
is taken u passing through the centro id of the quarter arc formed by the column capital and
that the span length a in the above equation is taken from center to center of the columns. For
determination of the center deflections, the span is modified to represent the effective span.

• The actual values of bendin g-moment coefficients of a flat slab at the columns generally
lie between the valu s given In Table 69 (or the conventional theory sad thos. for the rigid
coenection. The actual coefficients ~*fl be slighily lower than those given in Table 69 and
presented here for the u/a for this slab. For a more rigorous solution see Ref. 3, article 56.
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The equation for the deflection at the center of the psail may be written as

where ~ = 2,000,000 + 470 t~ = 3,812,000 psi
hs =l2 I,~ _ l z (h ;L)

I1 1
1
1b’= 1~~(Z.5)~~~1.S0*

/27.66\~ 0.380I~~~Fd °°31~ iri o i ~~b = span between points of rotation
—29 — 2(2.23) = 24.54 ft

Consequsntly, f o r v = 0,

w = 0.00581 [3 8 13X0 841)1 0.0328 ft = 0.304 in.

from which one obtains
4(7.16)(200.6)k 003 1.75 x 10 k/ft

By again comparing the moment capacit ies with th. moment distribution at the various
sections, it Is evident that the positive reinforcement In the mid strip will yield under a
slightly greater load than the positive reinforcement in the column strip and Is therefore as-
sumed to yield simultaneously. The required slab properties can be obtained as follows:

For a uniformly loaded square plate, with all edges free, supported at the four corners ,
the deflection at the center of the plate Is

I
C - . -

~~~~ 
.

where q’= R - q  
£

= 9.64—7. 16 = 2.48 ksf
= 17.2 psi
= 12 I,,. = 12 (!tj !~)  = 12 (0.841) = 10.1

b = 2 4 .54 ft

— Therefore

1
C — (s,e1a,000(laxo.844)

— 0.0486 ft — 0.583 In.

Resistance-defliction Curve

Dead load

Av. t 16(39X30) + 15(14X
8
90) + 4(7X7X44) 

= 33.3 in.

Av. died load — (150) — 416 psf~I uee 0.7Z ksf
+ 3.O(100) — aOO pstJ

118 1
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A1IALYB~

Dead lead

= 0.72 (4)(200.62) = 578 k

Mass

Total mass = m = = 17.94 k-sec2/ft 

- 
-

Equivalent mass

Elastic — (1st yield) = 0.34 (17.94) = 6.10 k-sec2/ft

Plastic — (4th yIeld) = (17.94) = 5.24 k-sec /ft

NOTE: Use the same equivalent mass factors for the 2nd and 3rd yield conditions as is
used for the 4th yield condition.

Assume the dead load, Fa, and the precursor, F,~,, part of the pressure curve act as a
static load.

Period

T = 2v Zr = 0.037 sec

At =~~~= 3.70 X 10~~ Use O.OO 2S sec

Static load

= F~ + F,, = 578 + 7(o.144)(4)(200.62) = 578 + 807 = 1385 k

= ~~ + ‘w~~ = ~~~~~ [7.1~~ o~2.s)] = 0.0079 ft = 0.095 in.

Analysis constants

— (0.0025)8 = 0.625 x 10 ’ sec1

£12 
— 

o.62:x lo—’ 
= 0.1025 x 10 ’

~~~ _ O.U5 X 10~
4

= O.ilgS x lO~45.24

F — q(0.144)(802.5) — 807 = 115.5 q — 807

mi _
rn, 

a~— T
~~~~’ (Rsf. 1)

_ _ _ _  J

— 

,.~~~~ [o+ 3 3(11:6)_ 0I =1o 41 

-

~ 

—-— --- — —
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— a.t~ — 10.41 (0.625 * 10 ’) = 0.651 x 10~

~~,,. t

Prom Tab le P.2

M a m~um response of slab = R,(maz) + (Pa + F,,) = 4476 + 1385 = 5861 k (50.5 psI)

~~‘~~um deflection of slab = (276 + 79) x 10~ 355 x io~ ft = 0.43 in.

NOTE: The resistance of the slab vibrates about the load curve after the first reversal;
therefore the ‘-=~‘-um resistance was produced at the first reversal of the slab. If damping
were included in the analysis, the m~~4iiaum response of the slab would be between 6 and 10
per cant lass tian thet obtained above.

CHECE OP 8BIAR1~~ftom 1oatshot core t.~~s)

Allowable shear at edge of column capital (Ref. 5):

Allowable shear = [a.~~
_ 1.125

= [9.75 — 1.125 (.~
!
~)1 4~~

= 555ps1

Ar a o( qnsrtu pansl = 210.3 .q ft

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
173.0 sq ft of loaded area

a

q — 
0.555(6~~(40.7) 

= 8.65 ksf 80 psI 4
Allowable response ba ed on shear capacity = 80 psi
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TABLE D.1—AS-BUILT MOMENT CAPACITIES

Location b, In. d, La. bd’, cu In. A,, sq in. P PCi. ~~ 
1- 

~~~ M,,,,, kin.

kabod ii. 40.73 270,000 35.6 0.00520 0.275 0.060 74,300
36.80 227,000 28.0 0.00463 0.239 0.172 52,700

ds + 3k 180 26.87 129,800 15.0 0.00310 0.164 0.961 20,000
27.12 131,200 18.0 0.00370 0.195 0~~?1 u,ie.

.f + hi 168 28.12 132,800 28.0 0.00593 0.313 0.083 40.100
fgh 180 28.38 145,000 22.2 0.00434 0.22* 0.973 32,300

- *41,400 kIn.

TABLE D.2—DYNAM IC ANALYSIS

WI’.

I $,,A11 
~t 1O~),

n (K 101), sec F~ R~ —R . hip At’/m (x 101) (x l0~) II

0 0.0 0 0.1026 0.651 0.000 AR — 43S1k
1 2.5 351 11 370 0.1025 3.792 0.651 àw1 — 249 * 10
2 6.0 775 89 686 0.1025 7.032 5.0*4 k8 — 17.5 x

— 3 7.6 1156 210 865 0.1025 8.666 16.00* k, — 4.00 x
4 10.0 1541 146 103 0.1025 0.266 36.910

* 5 12.6 1941 1164 777 0.1025 1.064 40.507
• 15.0 2346 1821 525 0.1026 5.361 104.068
7 17.1 2130 *573 4157 0.1025 1.609 147.010

a 8 20.0 2160 3352 —402 0.1025 —4.121 111.561
1 22.6 3060 4010 —1000 0.1025 —10.250 232.01

10 25.0 3140 4410 —1211 0.1103 —15 .258 262.171
11 27.5 3*10 4416 — 1286 0.1193 —15.103 276.093
12 30.0 3280 4415 — 1186 0.10*5 —12.241 274.912
13 32.1 3300 4219 —919 0.1025 —9.420 261.482
14 31.0 3330 3520 —400 0.1025 — 5. 022 238.632
15 31.1 3350 3333 + 17 0.1025 + 0.174 210.760
16 40.0 3310 213* 521 0.1025 5.340 183.062 - 

-

17 42.5 3360 *457 103 0.1026 9.256 160.704
18 41.0 3*70 *227 1043 0.1025 10.691 147.602
10 41.1 3110 *181 925 0.1025 9.481 146.101
20 50.0 2120 2361 111 0.1025 6.263 152.26 1
21 52.5 *150 *54* 201 0.10*5 2.152 185.594
22 65.0 2510 2513 —223 0.1025 —2. 256 181.051
23 57.5 *430 3044 —614 0.1025 —6.294 194.238
24 60.0 2*70 3164 —894 0.10*5 —9.164 201.123

- ---‘~~~~~ 25 62.1 2150 198.844
26 65.0 2030

a
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