UNDERGROUND PROTECTIVE BUILDINGS

J. L. Colp

LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, or useful of the in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, “‘person acting on behalf of the Commission” includes any em-
ployee or of the C or empl of such , to the extent that

such or of the or empl of such P
his employment or contract

disseminates, or provides access to, any information pursuant to
with the or his employ with such

SC-DC- §5

A
f

A Term Paper For

Ce E« 471 Building Construction

Professor William R. Gafford

University of

New Mexico

e

e e

BATENT,
Spring Semester 1965 l’!&ﬁu'sfllﬁmmf OBTAINED, Reygpgy ;
g

2



DISCLAIMER

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



DISCLAIMER

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



Chapter " ; -. Page

I.

IT.

III.

IV,

TABLE OF CONTENTS

Introduction « o e ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o o o ; e o o.o . ; .

Purpose of the Paper

Subject Coverage

Types of Underground Buildings
Personnel Shelters. Lauanch Structures (Silos)
Launch Control Buildings. Deep Underground
Bulldlngs.

Surface Environment Necessitating Underground
BUildingS ® ¢ ¢ o ¢ 6 6 0 0 0 0 0 06 0 0 0,0 0 0 0 6 0 @ oi

Air Blast

Thermal Radiation

Nuclear Radiation (Initial) ‘
Nuclear Radiation (Residual-Fallout)
Fire Storms

Structural Systems for Undergfound Buildings e« o ¢ o o o o .
Basic Considerations "
Designs of Structural System

Functional Requirements of Underground Buildings N ;'... o

~ Environmental Equipment

Power Supply

Blast Closures

Shock Isolation Systems

Construction .of Existing'Undergrouxid Buiidings . .. oo o

Missile Base Projects
Deep Underground Buildings

Bibliography ¢ & o o & & & 2 ° 2 0 0 0 0 e 0 b s o o:f'o

t

g S < b
- .

-
k4



LIST OF ILLUSTRATIONS

Figure o . Page
- 1. Peak Oﬁerpressure versus Distance o« o« o o o ¢ o ¢ ¢ ¢ o o
2., Positive PHase Duration « « « o o s o o ¢ o o o ¢ o s o o

3. Attenuation in Vertical Stress
with Depth e &6 6 & & 0 6 &6 6 06 & & 6 6 0 6 0 o 0 o ¢ & O

L. Thermal Energy Received at
Various DistanCes o« « ¢« o ¢ ¢ ¢ ¢ o ¢ ¢ ¢ 06 6 ¢ ¢ 0 @ ¢ o

S. Radiation Dose versus Distance « « o« ¢ ¢« ¢ ¢ ¢ 060 0 0 o o

6. Underground Fectangular Structures + ¢ o o ¢ o o c oo e

e )

D
Ad v

b c K1Y



ACKNOWLEDGMENTS

The information acquired from the very interesting lectures by
D;ﬁ Wallace E, Fluhr (USAF), M. S. Agbabian, H. L. Brode, and others
during the University of California Los Angeles course titled "Désign

of underground'Protective Structures" has been of great value in

preparing this paper. Their assistance is gratefully acknowledged. -

o e e e o

e et O TIPS

PR R

ey tie el e o



CHAPTER I
INTRODUCTION

In the‘last few (5-10) years, the civil engineering pfoféssion
has seen an increasing amount of interest in the placing of buildings;-
indeed, in some instances, complete community‘uniﬁs--underground.
This interest has been predicated ﬁpon the development of extremely T
powerful weapons having a very large radius of destruﬁtion for con-
ventional buildings located above ground. Most of the existing
instances of the construction of underground buildings have been
for the protection of hilitary personnel and material, However, some
underground buiidings have been buil£(for the protection of the civ=-.
ilian population. It is conceivable that this civilian-use trend w?ll'
increase in this country as it already has in certain foreign'countries.
Considering the situation described above, today's young civil
engineer should take it upon himself to become awaré of the many prob-
. lems--construction as well as design-~-that are agsociated wifh the’ -
location of buildings below thelsurface of the ground. During his
ensuing career, it may well be, if the present wérld situation con-
tinues, that he may become involved in such a project. Fortunately,
there is now available information--not as plentifullnor as accurate
‘ és might bé desired--on this subject that he may obtain to educate

himself,



Purpose of this Paper

It is the purpose of this paper to provide a’brief survey of the
general subject of underground protective buildings. It ia‘not”intended
to be a handy-dandy design manﬁal on the subject.' But, by serious study
of the references listed in the bibliography--all of whigh may be easi-
ly obtained--a coﬁpetently trained civil engineer can become profi-
cient to some degree in this subject. If this paper.serves'to stimu-
late an interest and provide some help in continuing study of the subject

at hand, it will have satisfied the author's intent.

Subject Coverage

The geﬁeral subject of underground protective buildings is very
bread. - The coverage of_it in this paper is not complete but must be
limited in.order to kéep the paper manageable., For the most part,
this papef will be limited to

| --weapon yields in the megaton and larger range

-=blast overbressurés (on the surface) of 200 psi or less

--sufface burst kcontact) cases

In general the discussions will be limited to shallow buried bi
buildings--within.one.hundred feet of the surface of the ground-=-

but some information will be included on examples of deep underground

buildings.

Types of Underground Buildings
Four general types of underground buildings will be deseribed
in this paper,

Personnel shelters. Underground buildings designed primari1y~for :

the protection of groups of people will be considered as personnel

-
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shelters. These Buildings range from simple, shallow, home-built,
fall-out shelters throursh a community of undergfound homes to large
bﬁildings locéted deep enoué% to provide a large amount of blas£
prqtection to the occupants. An entire school building has been located
underground in New Mexico. Although this paper will not deal ﬁith |
simple, shallow fall-out shelters, some of the material in Chapter II

is useful for this sort of struéture. |

Launch structures (silos), The launch structures of hardened

missile sites are probably the most common (in numbers) of underground
buildings 5uilt to date. Several hundred such structures have been
completed. Construction and design procedures have been rather well
worked out fam tim=®r based on the experience to date. Altﬁougﬁ

launch structures are a very specialized type of underground building,
there are many interesfing aspects to their design'apd consiructipn. -

Launch control buildings. Closely associated with launch structures

are the underground buildings that serve as;control centers for the
hardened missile sites. ‘Designed to protecg the operating personnel
aqd'delicate control equipment necessary for launching and_controlling
modern missiles, these buildings cohtain many'sophisticaﬁed‘desigp

and construction details.

Deep underground buildings. There are a- few instances where

the construction of extensive building complexes have been made deep
undérground. These installations are usually built in hard rock

areas and are designed to permit the survival of personnel aqd equip=~
ment of major command‘centers from any type of attack. The problems
in construction and design of these buildings present real chgllenges

to the engineers involved.
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CHAPTER IT : o

SURFACE ENVIRONMENT NECESSITATING

UNDERGROUND BULLDINGS

A Brief survey of the environment resulting from a surface burst s
of a megaton or larger nuclear weapon is contained in this chapfer. .
An understanding of the surface environment is very imporﬁant in the

design and constructiqn of underground buildings. It is the source
. of the special loadings that must be considered if such buildiﬁgs '
are to survive and perform their intended functioné.

A great améunt of work and study o% defining this envipohmént
and its effects has'beén performed during the last decade“and é half,
Two éxcellent references are available that déscribe this environment v
in considerable detail (botﬁ have been used extensively in prépariné

| this chapter). They are The Effects of Nuclear Weapons1

and A Review

.0f Nuclear Explosion Phenomena Pertinent to Protective Construction.2

An engineer interested in further study of the subject of underground ;

\

buildings should obtain copies of each.

Air Blast
" The severe air blast overpressures resulting from a nuclear

explosion are the primary reasons dictating the underground location

lthe Effects of Nuclear Weapons, U, S. Department of Defense and
Atomic tnergy Comm., U. S. Government Printing Office, Washington, D. C.,
April 1962, (#3). : ‘
2H. L. Brode, A Review of Nuclear Explosion Phenomena Pertinent
to Protective Construction; A Report Prepared for U, S. Air Force Project
Rand, R-L25-PR, (Santa Monica, California: The Rand Corporation; May 196L ).
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of buildings intended to survive such an attack. Although the inter-
action of these overpressures with the ground result in sizable induced
ground shocks, the soil structure attenuates this effect to A vefy great
degree. Utilization of this attenuation permits the coﬁstruction of
underground buildingsAwith'far greafér economy than if blast—resiétgnt
above-ground construction were used.

The magnitude of the peak overpressure as it varies witﬁ'distance
~ from ground zerdeoint of burst on the sufface) for a 20 megaton sur-
face‘bunst is shown ih Figure 1. A normal, i.e. nom-blast resistant,
designed building will be severely damaged 3t overpressure levels ¢cvnmid Af
psi. Referring to Figure 1 shows that this type of buildlng would not
survive inside a radius from ground 7e;:a;;jr}eet. It is generally -
regarded as uneconomical to construct an akoveground rectangular
building to resist pressures greater than 30 psi peak<oﬁerpressure,
hence.such a building would not survive inside_the two mile radius.
(Note-distance scales as the cube root of yiéld for these:kinds of
explosions, ) | | .

Of interest, Figure 2 shows the duration of the po'sitive‘ phase of
the air blast as it varies with distance trom ground zero for the same -
size (20 “MT}%5 surface burst. As can be seen, the duration“of this.

positive phase is quite sizable.

Ground Shock.

An underground building may be made quite safe from the direct
effects of air blast, as well as from nuclear and thermal radiations
as shown later, so that the primary remaining problem is associated

©  shoek,
with the violent movements of the surrounding earth-«the groundhahﬁtk
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Ground shock transmitted to an underground building comes from
'two causes, direct shock and air-induced ground shock. In most under-
ground buildings (less than one hundred feet burial), the air-induced
ground shock is of greater significance since it is eitended‘to large
radial distances from ground zero by the air biast (Figure 1), while
direct ground shock is rapidly attenuated by eassing'throughlthe
' iptervening ground mass.
The éeometfic stress attenuation in soils with depth has been

approximated from the formula proposed by NewmarkB;

U—vm - O(z APS
z = . 1
(1 + 72)/Ly
V3
Ly - 2300 W °° £t

where APS is the 'peak‘ overpressure at the surface (psi),. <7"vm is the
maximﬁm’stress (psi) at depth Z (ft.), C§z is the geometric attenua-
tion factor, and W is the yield (megatons). This expression appliee'
only for the lower surface overpressures ( <1.OOO_psj.)e This relatien-'

ship is plotted in Figure 3 for typical overpressures and'yields.‘

Thermal Radiation

Approximately one-third of the energy of a nuclear detonation is
released in the form of thermal radlatlon. Since this radiation
has properties damaging to matefials and huﬁans it must be considered
in fhe planning of the details (éntrance ways, closures, blast doors,
_ete.) of an undergreund building. Generelly, the thermal effects are

of secondary importance since in protecting against nuclear radiation

3N. M. Newmark and J. D. Haltinwanger, Principles and Practices
for Design of Hardened Structure, AFSWC-TDR-62-138, (Albuquerque-
Alr Force Speical Weapons Center, December 1962).
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and blast pressures, the thermal radiation problem is automaticaliy ,
eliminated.

The thermal radiation environment -is quite excessive and is sbown
" here for general appreciation. 'Figure.h indicateé the thermal energy

¢
H

received at various distances for a 20 megaton surface burst.

- J.

Nuclear Radiation (Initial)

The initial radiation from a nuélear'exploéion is-defined as that
released within the first one minute. The gamma rays and neutrons‘
. emittéd can travel considerable distances through the air and cause
harmfui effgcts in huméns and equipment. A graphical display of rédi-‘
ation dose versus'disténcé is shown in Figure 5. As a point of_intér-
est,dosesjqf about 450 R may be expected to kill 50 percent oftthe'
hum;is exposed; while doses of over 700 R ﬁill cause 100 percent fala-

lities.

Nuclear Radiation (Residual-Fallout)

The residual radiation-;defined aé tﬁat emitted after one minute
from the time of the burst--islcommonly termed “1oca1" or "early"
fallout. This hazard is the result of fission products froﬁ thé explqsion‘
attaching to éarth debfis‘thrown.out of the crater to éltitudés of' |
several tens of thousands of feet. This debris‘then drifts,babk to
earﬁﬁ in a matter of hours. | o

There are many'factors that enter intd the calculation: of :esidual
radiation including ferrain, yield, wind conditions, humidity, etcs

For further information, a study of The Effects of Nuclear Weaponsh

is.suggested.

tiThe Effects of Nuclear Weapons, op cit, Ch. IX.
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CADIATION DOSE vs. DISTANCE
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Fire Storms

The effects of thermal radiation and tﬁe results of structural
damage:by the air blast cause'wide-spfead fires over an area subjected
to a nuclear exp1051on. Under certain condltlons of ‘weather and’
den31ty of combustible materlals, a raging, all-consuming "fire storm"
can develop. In such a case, the heagt 1is so intense and the»oxygen
of the local atmosphere is.so dgpleted that any underground building
in the area ﬁust be completely élosed off.. A method to profide suffie_
cient ai%(oxygen) must be available within the building to enablefthen'
occupants to survive. The duration of a fire storm has been observed )

to be several (6-8) hours, after which only separate fires continue. .
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_CHAPTER IIIX

i

STRUCTURAL SYSTEMS FOR UNDERGROUND BUILﬁINGS

It has been stated eaflier that aboveground blasi-resistanf
buildings are uneconomical to construct in'regions of overpressures
greater than 30 psi. .FOr overpressures of 100 psi or greater, under-
ground buildings must be constructed.~'Semi-undéfgrouna buildings may-"
survive in regions of 30-100 psi overpressures, but this cannbt be
regarded as a blanket statement., Foundation conditions, size of building,.'
,sﬁielding reqﬁirements, entrance conditions, and local geéloéy all
affect the rglative economy - of fully underground versus semi-underground..

construction,

Basic Consideration

The principal structural materials used in underground.protective
buildings are soil, reinforced concrete, and .steel. Soil is an impqr-.
"tant material for thié usage since it is a good shield against nuclear't'
and therﬁal radiation and it may.be used to reduce the magnitude qf
.blast loading.on tﬁe building.

Reinforced concrete is the predominant'material used in tﬁis
'typeiof construction..'If properly designed and placed, it can offer
good strength and ductility while having the mass to serve as: a radi-
ation shield;

Structural steel, used alome or in reinforced concrete, has the

desirable strength and ductility characteristics for this applidation. :
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In the form of archplate, it is particularly economical for underground
buiidings.

Several types of. structural systems for underground buildings
using the desirable materials noted above have been considered and used.
The most commonly used ones are: rectangﬁlar structures, arches, domes,
aﬁd vertical cylinders, Several coﬁbinations aﬁd variatioqs of these
common Structural systems have been used.

As with any building, the structural syétem used depeﬁds upon the
Ainfluence of several factors. Some of these considerations are. ;economy
ldf bonstruction,'availability of materials, site conditions; égﬁtractof
experience, time schedules, etc. The most important consideratfﬁn,
however, for the structural system selection in the highly specialize¢ .
field 6f undergrdund protective buildings, is the ability of'the structure

to withstand the loads to which it is subjected.

\

Design of Structural System

Rectangular §tructures. - Thé.depth of burial of a rectangular
structure is of great importance in determining the type of loading
it will receive and thus its structural strength. Figure 6 shows
the two conditions of primary interest for rectangular structures.
In both.cases, the structure can be considered underground from the
~ standpoint of blast loading. |
When located as shown in Figure 6r2a) the slope of the surface
" of tﬁe earth should not be greater than 1 on L for.a distance of twice
_the height of the building on all sides. However, if located és shown
with the building roof flush with the surface, the roof elements must

survive the loading reSuiLing from the air blast directly.

R/
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If the building is located completely below the surface as'shown
in Figure 6f2b),the loading from the air blast can be modified to
account for the attenuation of peak pressure ﬁsing the Newmark formula
given earlier, In addition, if the burial depth D is considerabiy'
greater than the bu11d1ng length L divided by 2, the loadings on the
structure may be reduced because of arching in the soil,if backfilling
during construction has been well accomplished.

The vertisal walls should be designed to have a strength suffi-
cient to resist a uniformly distributed load from the surface pressure
pulse that has been attenuated (using the Newmark formula) to the depth
of the midrheight of the well. This attenuated vertical pressure must
be related to the uniformly distributed horizontal pressure by using |
a factor depending upon ﬁhe soil type and condition. Estimated values
of this factor may be found in the ASCE Manual No,. h2.

Azghgg. An underground bulldlng in an arch shape possesses very’
high structural strength.. This is due primarily to the mahner in
which it is-loaded when buried. Initially, the underground arch is
subjected to non-uniform intensities of load at any depth ts whish
it is buried. ﬁowever, as the shock progresses across the.arch one
side i$ loaded prior to the opposite side and tends to deflect inward
which in turn forces thePpp081te side ouvtward into the soil. ThlS‘
outward deflection is resisted by the passive pressure developed in
the soil which is & very sizeable_ gm=mmi. Therefore, bslow some‘critical
septh af which the passive resistance of'ths soil becomes adequate |

to prevent significant flexural deflections, the pressures on the arch

lDe51gn of Structures to Fe31st Nuclear Weapons Effects" Manual

of Engineering Fractice No.'h2 (New York:™ “American” Socisty of Civil
Engineers, 1961), P. S5L. v
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from the loading tend to be eqnalized. Below this critical depth, the
aroh must resist a uniform nadial pressure, an ideaJ.gﬁtuation for such
a éfructural system. It is believed that this critical depth at which
.the arch is subjected to uniform radial pressure is L/8 where L is tné
length of the arch from hinge point to hinge point.

| If closeicontrol is exercised over the constroction procedures, - .
‘especially backfilling, the pressure pulse already attenuated by the'

' BECHOSE oF THE
depth factor, can be further reduced,te=ecensider arching.
Domes. The prev1ous dlscu531on on arches applies directly to‘A

underground buildings built as domes.

Vertical Cylinders. The design ligaings to be used in determining .

the structural strength of vertical cylindricél.buildings (silos)
is based on.jndgment and limited theoretical stndiesoA Teroaghiz has
studied the'stete of stress'aronnd vertical shafts in granuief nate}ials.
In thg;:;: of vertlcal cylinders (51103) the static "loads due to the '
-deao weight of the soil may belvery important contribution to the
loading. | C |

In regard to the transien£ loading of d‘verfical cyiinder, the
situation is the same as dlscussed for arches. However; ihe horizontal
component of the vertical load must be used as discussed for 51dewa11
loading of rectangular buildings. The critical_depph at which uni: form
radial loading occurs for vertical cylinders isoconsidered to be equal,

to the diameter of the cylinder.

General criteria. The design of underground.protective buildings

is essentially an ultimate strength design a¥med at the standards of

performance required by the function of the buiiding. Thus, the

2K. Terzaghi; Theoretical Soil Mechanlcs, (New York° John Wile&
and Sons, Inc., 19h37 pPpe 206-215, . , '
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resulting "factor of safety" can be considered as being,ﬁnity, ¢ongidering
" one predetermined set of loading conditions.

An underground protective building should be designed to have as
large a "ductiiity ratio" as performance requirements will permit.
Ductility ratio is defined as the ratio of the maximum response to
thaQ?espdnsé‘ét which elastic behavior stops. It is important that
this ratio be large beaause, (1) greater ductility permits gréafer
energy absorption capability,'iae. greater efficiency in resisting
‘time dependent loads, (2) ductility is essential to permit structural
deformations required to mobilize the inherent s£rength (passive) of

the soil that surrounds the underground building. The choice of the
ductility ratio depends upon several considerations: (1) the functibnai
Arequiremeqts of the building, (2) repetitions of design loads, (3)
allowable damage to equipment and personnel from concrete spalling,

‘ and he
(L) ductlllty of the construction materlalgh(S)Afailure mode of the

'structural system. ,
| Since design of buildings of this type is based on ultimate strength,
the dynamic strengths of the materials of construction must be used to
account for the rapid rates of stralnlng that occur in a buildlng loaded
by blast forces. Under these condltions, materials develop higher -
streﬁgths than-they do in the case of statically loaded members. Not |

a great deal is known yet about dynamic strengths of materials; but

~ some information can bevobtained from ASCE Manual No. h2.3

3"De31gn of Structures to Resist Nuclear Weapons Effects“, Op. cit.,’
pp . 63' 6)-1 .

I

T LT TR ITSRey

TSNS T,

B T e AT T IRT e NN T TS I SRR S



. CHAPTER IV
FUNCTIONAL REQUIREMENTS OF UNDERGROUND BUILDINGS

The functional requirements of underground protective buildings
vary. greatly according to their intended usage.  Personnel shelters
are intended to insure the survival of the occupants and theif safe

exit. A launch structure should protect its missile and associated

equipment in an undamaged condition so that it can perform its mission
/ " .

when required. A launch center building must protect personnel and

delicate:ﬁuidanCe equipment so that its operation can proceed smoothly.

ter
cen . 8
The commanqﬁ(deep underground building) must protect its occupants and

qommﬁhication systems to insure maintenance of intelligence and con-
tinuity of operations, .

Provisions must be made in the buildings'as-constructed to permit

the realization of these requirements.

Environmental Equipment.

| The environmental equipment mﬁst be designed to 9iiminate the
: pbssibility 6f nuclear radiétion entering via surface connected ducts
into the Buiﬁ&ipg areas where it cannot be tolerated, The geometry
of tﬁe ducting systeh may be the critical factor aﬁd,,in somé cases,
_\occupant; and equipment may 5eed be isolated from radioactive areas.
=

The provision of a hipghly reliable environment may be a critical

problem, Commeicial air-conditioning equipment may reduire upgrading
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to meet the reliability requirements. The system must be adequate to
handle all of the normal loads, plus providing capacity to maintain
the desired environment for extended periods during which the building

must be "buttoned up,"

Power Supply

An underground protective building must be independent of a com-
mercial poﬁer-supply system which may be destroyed. To provide this
independence, stand-by generagﬁens must be inside the protective

Thed
building. ¥t will then survive and be available to provide power during ST ey

A
the button up period. The power demand should be minimized during
the period of operation on stand-by power, Provisions for adequate

fuel and water supplies must be madeias well as accomodations for re-' i

: _ T
moving exhaust fumes. . : . . e

Blast Closures

Blast closures are of two types--blast valves for smaller

. diameter ducts, and blast doors for entrance and exit ways. Blast

i?
i
iyt
4
I

valves should be designed to stay open'during normal operations to

e

.permit the normal flow through the ducts to the surface to continue.

RO ES T

They must Be closed immediately upon the occurrance of a.blast hazard.
They usually have a moving component that causes the valve pé close ) , @;
tightly either on'a sigﬁal or by the momentum caused bj the bla;t'fordes. - %;
A blast §alvé must survive the‘ground'shock and blast and ?e.ableiﬁo af
open following the passage of the overpressure. ' o ey

Blast doors are usually builtito remain closed during normal
operation. They require no auick-closing components, However, they :{
boo must survive the ground shock and blast so that they can be operated
éfperwards. ‘ ¢ o _ ] o

“1¢ N
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o

Shock Isolation Systems

Under the ground shock environment discussed in Chapter II, the
‘ containing ‘ .

entire soil mas§4coa%éaaing an underground building is given a §izeab1e<
aisplacement, velocity and acceleration. Human and equipment shock
tolerances are must lower than the expected shock environmeﬁtAffom.the
nuclear'explosion. For thaﬁ reasén, a shock isolation system must.
be build within the building to protect its occupants..

Severél systems for providing isblation from ground shoqk have
been used. In some instances, what amounts to a building within a
building is constructed. The inner structure Eeing iqolated foom the
outer protective structure by a series of Springé and dampéfs.‘ This

permits the reduction of the ground motion fofces to acceptabie shock

levels for people (about 1 g. is the f{ssign goai);

7
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CHAPTER V A >
CONSTRUCTION OF EXISTING UNDERGROUND BUILDINGS

Underground construction is not a new field of endeavour for
the civil engineer. Indeed, construction projects of sineable nature
in underground loeations have been built for thousands of yeérs;
Constructlon of underground aqueducts is known to have occurred long
‘before the birth of Christ. Extensive underground mines are known from
biblical times., |

These "ancient projects and indeed'most'of the underground
construction until the past few decades was of a nature tnat did not'
| provide for human living accomdodations for extfgsive periods. Neither
were the past underground projects designed to survive tne environnents
described in Chapter II..

The acceléraied orogram of the U. S. Department of Defense for
building extensive complexes of underground buildings for launch
structures and control centers has resulted in a vast increaee‘in the

experience of underground building.

Missile Base Projects
Warren Air Force Base construction was begun in late 1962, Under-
.ground building construction consisted of 200 launch structures for

Min¥t&mén missiles and 20 launch control buildings.l It is located

1
. ICBM Silos Excavating Like Postholes," Englneerlng News-Record,
(November 1L, 1963) p. 99.
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in on 8,000 squére mile area where Wyoming, Nebraska and Colorado meet.
.Many geological formations were encountered in constructing such
a number.of underground buildings sgread out over so large an area.
Clay, stable sand, sandstone, gravel, siltstone, shale and 1im;étone
have been encountered. The construction probléms that‘haQe resulted
from working under such-a variety of conditions have required.many unp-
sual solutioné.2 wﬁen saturated, some of these materialé,have resulted
in "quick"- conditions that have greétly hampered construétion.
‘Construction of missile bases to date has been done under short .
time schedules. The contractdrs have operated under extreme pressﬁre
to complete their construction in the shoftest possible time. .Aéva
result, many ndovel methods to expedite construction have been evolved.
Minuteman silquvertical'launéh structures--require a 1k foof 8 inch
. diameter hole about 94 feet deep. One method of digging this hole
* that has been used extensively is to bore it as one 222333 dq{Z giant .;
post-hole.. A large amger has been developed and several of them hav?
beén Built for4thése jobs,
In starting‘the construction of a silo, a 30 foot deep excavation.:
- abéut L4O feet in diameter is scraped'ouf'using conventional earth-moviné
eqﬁipment. At the bottom of this hole, a drill rig is set up and a
, .3 foot aiamefer pilct hole is bored for an depth of 6L feet; Soil
samples are takén as this boring is done. If soil conditions permit,
one of the giant avéers is moved in and the final 1L'8" holetis bored.
This atfger rotateé.very slowly (3 rpm) while cutting.' After it has

‘cut about 3 cubic yards of spoil, it is raised above the lip of the

2V. E. Zadnik, "Engineering Geology Problems at Missile Sites,ﬁ
The Military Engineer, November-December, 1963, ' : ,
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" hole and accelerated to about 20 rpm., This causes the spoil material
to Be thrown off the awger beyond the 1lip of the hole where it is removed
by conventional loaders. '
| In cases where thé~soil is too hard to bore the big hole in one
pass, the pilot hole is first enlarged with a 6 foot diameter angef,
furtherAenlaréement is made with a 10 foot amger and finally finished
with thé full-sized one.. |
' ' . rock ~
The occurrance of large boulders or strong,formations require
conventional Siasting operations before boring can confinue. To ﬁainq
tain the sidés of the hole under unstable soil éonditions,Asteel liner
plate is installed as the Qrilling ﬁrogresses, In some cases, the sides
of the holes ég:% sprayed with Gunite to prevent sloughing.
After-dfilliﬁg is completed, the base of the.hole is belled out
by hand labor. 'A concrete base is poured in the bottom of the héleo
" A 12.foot diameter steel liner is then lowered into the shaft aqd the
space between thelliner and the sides of the holq4§gé filled,with
ﬁoncrete. It is very important that great care ié=6bserved in‘plaéing
this concrete so that it 'is in intimate contact with theAground surface

. fﬂt’ﬁ’v*
around the hole with no voidg, This is necessary so that full advan-

tage can be taken from the soil arching effé;t when the structure is
loaded by the shoqk wave, ~.

'The upper portion of thq4§éé; that houses the operating equipment,
QOors, etc., is completed after the liner has been placedo':The 4
horizontal sliding doors are build of concrete ana operate on a set

3

of rails.

3"Wyoming Missile Base Project," Westerh Construction, July, 1963,
ppo hl‘hllo . 7
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The launch control structures, housing the operating personnel
and delicate contol and launch equipment for ten missiles, are built

by more conventional methods. These buildings are of a horizontal

Jo;

d
cylindrical shfige with demesd-ends. They are built of heavily reinforced

-concrete in Open excavations. Inside the protective structure, a‘two

story

s%e?eed steel framed building mounted on a large spring suspension system .

for shock isolation is built. Located én this structure are the personnel

and equipment. .’

Associated with the launch control building are several satellite

structures inciuding water tanks, fuel supply tanks, etc. Automatic,‘
pressure-actuated blast valves are built into all vents leading to

the surface. These buildings are equipped with environmental equipment
and supplies:to maintain normal operation for extended periods of

time with no outside contact.

Deep Underground Buildings

- A most interesting example of current underground buildiné cona’

‘struction is that of command centers that are built very deep under-

. ground, These'buildings are -generally located in mountain sides or

other 1ocations where they can be built under many feet of hard‘rock.
Utilizing the blast resisnanée of hard, strong roek, these buildings
can provide a very high degree of protection from nuclear explosions.h
Space for the construction of these buildings is obtained by
blasting and excavating huge caverns out of the solid rock. Con-
ventional hard-rock mining techniques utilizing the latest methods

and equipment are used in opening these caverns. The inside surfaces

l‘J. M. Norvell, "The Rock-NORAD COC*, The Military Engineer,
September-October, 1963, pp. 309-311.




of the tunnels and chambers thus excavaﬁed are covered with wire mesh
fabrié held in place with rock bélts up to 20 :eét long. This cover-
ing is necessary to protect the future buildings.from rock fragmenﬂs
that may be spalléd off from the ground shock of the exblosion.i Some
of the caverns that have been thus constructed are as large as 45 feet
wide, 60 feet high, and 300 feet long.

Within the caverns, three story buildings are constructed. Steel
rigid-frame, ship-type construction with metal outer wallssare uéed.
Working quérteré, sleeping quarters, kitchen and dining facilities
and a Médical dispensary‘are provided for full-time operation, delluo
lar steel deck floors to provide for ducts and conduit® to the operating',
'equipment are used. |

Several éuch buildings are built and. are sepafated by narrow»air
spaces, They are joined by flexible walkways é;:ievgl.' Each'building
is mounted on spriﬁgé made of 3 inch diameter steel wire; 'The,springs>
are about 48 inche§ in height and up to 20 inches in diaméter. They .
proviae4shdck isolation.for the eﬁtire building and its contents.

Fuel and water supplies are stored in huge opéh vats cur&éd from
the "rock ép ahlevélilowef than the bﬁildihgs. Watef is piﬁed in from
' ~outside to maint;inlthe supply; Sméll_tunnels to‘the outside afeAused'
for éxhaust air, '

- Magsive blast dqérs are provided to seal off entranceways to the
outside. Exhaust tunnels have blast valves in them. In the event. |
of a nuclear éttack,:such a facility can be tightly segled off from -
the outside. -Normal operations can céntinue and such a vital nerve

center can function for very long periods.
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