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Foreword
School administrators ale fed with

sigpificant problems in Tioviding
deskable learning environments due,

primarily to the continued growth of'
school POpulation and the gperal
ob.sOlekence of older- buildings. These

,cobkms are hcoMpounded with con-

cerns A o.zt special features required by the
v.Federal.,Government, storm protection, and
fising energy costs. Building undergrdund may

be a viable alternative to the mpre conyentiona)

approach.e
The Underground School, Offers several,

adVantageS, Preliminary studies by Our 'staff

at the State Department of Cducation have
shoin that these schools perform exceptionally
well ai learning environments. Both teachers-;--
and 'principals alike have commented on the
lack of-noise and distractions and, the ease with'.

-which they could keep the attention of their
students. Underground sChools are highly ,

Valued for storm protection. 10 many cases,
these , schools were built with the under
standingq, the schools would provide

sapcluar the 'connvity in the event of
tornadoes, is is particularly irnportant
Oklahoma since art; average, kg 54 tornadoe
,are sighted on: the ground_ each 'year. Thew

.

oltr

are' indications that revenue requirements
for energy and maintenance Of un4r.groond -

-*Achools are likely to be significintly Tess than'
requirements, for cornparaille above ground
schis. -There a possibilities of making,dual
use of aVailable laffd by building underground.
F(11. e.xampe, the' land over an underground

--,sthool 'could be used ,as plas;grgUn'd areas..

I want to stress, however, ibtat the sa
and edergy efficieniV-of undergi'du4d schools
'depend crucially ,,on ttleir design. Sound'engl-
ncering principleS and techniques-yneed to be,
applieci 4 experienced architects and , engi!
negrs.

'Leslie Fisher
-tate Superintendent
of Publip jostruction

,
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Commentary by
the State -Cjyil

'Defe-nse Director
This pUblication Was prepared using funds
Provided by IV Defense Civil Preparedness
Agency-, with the State Civil 'Defense in the
capacIty of'financial Manager.

sPrimaly. mission of clVil defense is to save..
lives aed protect propePty in any type of

,catastrophe, man made, nucJear or from hatural
tauses. Preparedness is one of the keyN to
safeguard outselves and dour property. The
cOnstruction of 'protected- schools, whether
undergrOund 'or.' bermed, would certianly

proVide safety f6i out school children.
4

I urge you to seriously consider constructing,.
your next school using a "protected" design.

Hayderimr?synes
Di tor

Oyalwene Civil Defense

'44149t,
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The, Insurance Service Office in Ok !Alma
reports that there is no differehce in insurance,
rates for`unqrground iluildin'gs and iiientically
constructed above ground buildings.. The
reasons giVen are twofold. First, there is no

a established rating classification system spe-

cifically for underground structures. 'Second,
rates for Underground buildings are based on '
the same judgement fictoo applied to con-

* ventional schools. En the case of fire irtsurance,
. the major factors are; construction type,
_occupancy, eX-posureand municipal protection.

FIRE INSURANCEThere are definite possi-.
bilities of'savings on fire insiirance premiums

4

insuriance

by building underground. The lower premiufn
'Would be based 1.r.imarily On the higher quality
of underground construction. The type of
construction generally employed for under-
ground buildings is classified as fire resistive:
This means that all structual members, in-
cluding walisa partitions, columns, floors, and
roofs. are' made of non-combustible materials.
Fire rating authorities will .issess penalty
tharges for any deficiencies such as unprotected

# steel, substandard wall _thiCkness and ieferior
wall materials.,
EXTENDED COVERAGE--Rating officials
often provide lower, rates. kir underground.

Rei Estate
Real estate was tudied from the perspec-

,,

tives costs and savings. Real estate costs include
acquisition, but do not extend into taxes.
Savings consider utilization and maintenance.

Land has been acquired by (I) dedication
at statehood, (2) gift, and (3) purchase. Al-
though there have been differences in acquisi-
tion costs, theselifferences appear to be
related to the sw.11! of the economy and the
urban or rural location of the land rather' than
for its intended usage. In regard to current

jpd value, no difference was fou'nd between
Innd on which conventional buildingsf would
be boilt ,rom land where underground schools
would be built. Although cheaper land(shallow
soil, grade, high water content) would be a
consideration for construction purposes, both
types of 'structure use the same engineeiing
considerations. That makes the land cost
decision )1inge on the location of students
to be served more than on one type of land.

buildings because these structures have a lower
exposUre to:a surface hazards such a.s tornadoes,
hail, and ice storms. Rates for extended cover-
age are mostly dependent on anticipated losr s
and undefground schools should eventually
get better rates as instirance companies compile
experience data.

. VANDAUSM Vandalism is not a problem in
Oklahoma. Minor offenses reported such as
paint scuff /larks and. Halloween pranks Nye
negligible' costs. The undergrounil sch9oI
appears-to be less attractive to vandals becau
there arc limited exposed walls. Also,1 t
vandal may be fearful of beinglrapped under-
ground with no convenient means of escape.

There are poSsibilities for some savings in
utilization. Landscaping for above-ground
buildings usually involves more expense to
,esthetically balance the view: Uiderground
buildings usUally have a grass or play area
without extensive landscaping: Because of
this difference, more grounds maintenance
appeared to be involVed in the control schools,
but records were not available to establish
cost differentials.

On a unit for unit comparison (Without
con%idering one level to mtaltileVel comparisons,
high-rise to depth extension, etc.) savings

might be generated by uiing 'the land over
the underground structure as an activity area.
This could reduce the need for purchasing
more, land to expand play area( Again cost
relationships probably would nut be the major
factor in most areas .of Oklahoma for this
decisicin, but the need for activity space.

Some sChools found that constructing a gym-
nasium,aboye an underground sehool produced
noise prolilems. aVoid this, ih)Ore depth
would be necessary, thus adding to the cost.
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REAL ESTATE COST DATA

SCHOOL SITE SIZE CURRENT *
(ACRES) LAND VALUE

COST PER
ACRE

. . ,

CONTFOL SCHOOLS (CONVENTIONAL)

_
Davis Jr. High

MangUmr .

McLoud ,
Highland east

. 11.
a

16.5 $160,429
2.0 -, 10,000

40.0, .120,000
20g0 100,000

, .

.

, $9,723
5,000.
3,000
-5,000

'
4

BERMED SCHOOLS

.

Longfellow
Tupelo
Washington

.

. .
,26.0 $ 68,000

2.2 11,000
14.0 25,200

i

.

$3,400
5,000
1,800* .

* UNDERGROUND SCHOOLS

.

..

Bethel
Blanchard ,

Davis
Duke
Hydro
'John Glenn
Prague
Sailing
,Weleetka
Wellston -

,

.

10.0 $ 20,000
,

16.0 16,000

. 16.5. 160,432

. ,
6.2 . 6,200

20.0 36,000
5.0 100,000

30.0 .90;000

20.6 20,000
30.0 60,000
10.0 55,000

$2,000
1,000
9,72
1,000
1,800

20,000
3,000
1,000
2,000
5,500

*Cul-rent value o .land was deterrnined from recent transactions in the same area or by'acceptable rates of appreciation.
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MOSt of the undergroJind sihOols in Okla-
horn; were Idesigned to prpvide protection
fr.oM high Winds and tornadoes. For example,
wtten. plans were 'conceived for a new school
in Wellston,. OklahOrna, it was decided to
.build the entire schOol undergyound rather than
build a :cimventlariaL school , with a 'mUch
needed but 'little used undergrOund storm
shelter...

The underground design 'offers, a number
of advantagei. Balow ground space is* almost
always ,the safest location:for shelter from high
winds and tOrnatioes. Another aduantage, ir
that thermal .properties of soil can be used- to
optimiz,e heat 'gain and .loss'lhus conseMng
energy. &Aiding underground makes ,better
utilization of available land . since the sPaCe

, above ground structures can be used-for play-
grond areas and other conventional buildings.
With. three 'feet of earth cover, underground
structures offer iignificani security from
nuelear fallout. The underground design also
minimizes vandalism problems in schodts' by
limitingexposed walls. '

+IP
safety aQded by. Underground-schools

crucially-on their design. This holds
fcir toniado safety as well for radiation shield-
ing and blast proteCtion. Several of the schools
studied, are very lightweight and do not afford
significant blast protection. Thest schools
may also perfornrpoorly under tornado load-
ing. Energy efficiency atso has to be designed

SchOolst underground or not, will only be
,as energy Oficient as they are designed to be.
. State law limiting the level taiation for new
school construction in Oklahoma has a-major
linpact on underground ichool design. This,
law often favors less-expensive building techno-
logies ,amf may be, an inhibiting factor with
respect to decisions1 to build underground
since underground buildings often C6Stmore to
build- than donveptional. buildings.. However,
school adininistrators ltitli6e that the long-.
term economy of underground buildings
justifies a greater construalon cost.

Architects havt Ikea very coMpetitive in
design costs with fees averaging OA' of building
cdsts (see besign Cost Data Table). The fees
are the same for coeventionar aboveground
buildings. The only variatiohs noted apply
to small projects or major renovations.

1 4

4.4



DESIGN COST DATA

SCH-CkIL - -41.

1

YEAR BUILT ,

. .tit 4
TOTAL COST GROSS FLOOR AREA

,
SO.' FT. ..

.i

COST PER SO. FT.

. .

CONTROL SCHOOLS CONV_ENTIONAL)

Davis Jr. High
,

1976 $ 23,100 AN 1.16

Mangum 1961 14,880 33,507

McLoud 1975 cl 22,740 24,800 0?9.2

Highland East 1977 82,497 46,927

i
BERMED SCHOOLS \

Lohgfellow 1973-74 50,519 36,062 1.40

Tupelo 1978 26,600 16,750 1.59

Washington 1972 -73 17,700 18,067 . 0.98

UNDERGROUND SCHOOLS

f Bethel 1973 26 100 11,550 2.26

Blanchard* ' 1968 9800 8,140 1.11

f Blanchard* 1974 10,800 , 8,140, 133

Davis 1967 12,000 12,500 0.96 --.

Duke # 1965 16,825 22,760 0.74

Hydro 1975' 14,700 10,000 . 1.47 .

John Glenn 1967 6,494 9,840 0.66

Prague ,
1967 15,219 7,540 " . 2.02

Selling 1966 9,000 6,815 132

Weleetka* 1972 0 14,100 12,514 . 1.13

Weleetka* 19711 27,240 12,54
.

2.18

Wellston 1967 7,080 8,400 .
0.84

41,5

*School was constructqd in,two different phases.



Construction
'Oklahoma has constructed twenty-seven

'schools with some portions of the'buildings
'toderground and, fifthen morp with earth
bermed wails. An Most cases, protection from
tornadoes was the primary reason for building
underground...Many of the schools also serve
as community storm shelters.

Construction costs have increased dramati-
cally since 1965 for both aboveground and
underground schools. (See Construction Cost
Data Table.) Construction costs are site-specific
and not easily generalized. However, the data
indicates that the costs for underground build-
ings are slightly higher than for comparable
surface structures. For exaMple, the Superin-
tendent from Duke Schools reported.that their
underground school was completed in 1965
for $1 to $2 more per square foot than a simi-
larly constructed above zground school. The
Prague school was completed in 1967 for
$4 to $6 more per squari foot on the bid
price.

Thehigher construction costs are attributed
to increaied requirements for exCaVation,

concrete framework, roof structure, ventilation

and underground drainage. In -some instance's,
building contractork .also add contingency
fees as a means of nrolZt,ting themselves against

. . the possibility of w4ther delays and 'hard to
reach water leaks. It is generally believed, how7.

-ever, that underground constructiOn costs will
become More cothpetitive with conventional
building costs as architects and engineers gain
.experience with this type of construction.

While the initial costs are' higher, School
administrators believe that these higher costs
are offset by long term savings. the long term
savings cdme primarily ,from decreased costs
of maintenance, operation and repair of under.
ground buildings. Over the years, the Duke
system has experienced reduced costs of both
interior and exterior maintenance. A further
benefit was that losses due to vandalism have

been pVactically non-existent.
'Although administrators are generally satis-

lied with the performance of their underground
schools, there are some changes they would

. like to see. The air handling system should
be specifically designed to ensure its compati-
bility with underground construction. Better
techniques should be applied to improve
thermal efficiency and waterproOfing.
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NSTRUCTION COST DATA
.

\ SCHOOL
e

.

YEAKBUILT ,

..

, itTACCOST GROSS PLOOR AREA

--. SQ. FT. '.

COST PER SO. FT.

. . ,

,
. . .

CONTRCIL SCHOOLS (CONVENTIONAL).

Davis Jr. High
langurn
.McLoud
Highland East

.

1976
1961

,- 1975,1

1977.

$ 385,000
, 248,000, ''''',

379,14i
1, .'437

, .

19,890
;33,507
24,800
46,927

$1936 ,.
7.40-

1531
29.30

_

.
BOWED SCHOOLS

Longfellow
Tupelo-
Washington

.

' 1973174
1d78
1972-73

,

.

,
841,981
442,782
295,000

36,062
16,750
18,067 .

23.35
26.43
16.33

Baihat
Blanchard*

.

Blanchard*
Davis
Duke
Hydro
John Glimn .

'Pracioe f
Sailing
Waleetka*
Weleetka*
Wellstan:

,

.L

1973
1968 ,
1974.

-1967
1965
1975
1967
1967,
1966

. 1972
1978
1967

s

UNDERGROUND SCHOOLS

435000
150,000
180,000
200,000
280,418
245,000
108,240
253,645
150,000
235,000
45400ck
118,000

.

11,550
8,140
8,140

12,600
22,760
10,000
9,840
7,540
6,815

12,514
12,514
8,400

14.05
18.43
22.11
16.00.
12.32
24.50
11.00
33.64
22.01
18.79 .

36.28
14.05

.

*School was constructed in two different phases.
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Energy Cofisvmption
Most administrators of underground schobls

were confident that their schools were more
energy efficient than other schools. .Unfortu-
nately, te amount of reduction was not often
known. l many cases the underground school
was metred along with an above ground

One administrator statftl.that their toqiing
unit, installed in 1966, did not. operate effir
ciently and that installation of a newer Alt
Would .sllow marked -.reductions in energy
costs., The Superintendent from Duke Ele-
mentary .and High' School related that he paid
an unScheduled visit to his school during the

. -Christmas Vacation. Even though the school
had not been oPerated for one week, the
inside temperature was 68°. to 69° while
it was 6° outside.

An analysis of utility billing information
for the school year 1977-78 provides some

ap

evidence to support the belief thaf undergound
arid bermed schools are, more enery efficient
than comparable above grounOsthools. This
evidence not conclusive because of mixed
metering with above ground buildings and the
varying percentages of tlie total floor area
below grade. (See Energy Consumption Data .

Table.) It should be noted that even though the
&rmed and underground 'schools. appear to
use less energy per gross square foot per year,
this lower usage is not generally reflected in
lower annual energy costs per square foot
primarily because of the increased use of
electrical energy.

All forms of energy are not provided at the
same cost. Electric energy has been generated,
transported and delivered in a clean and very
yersatile form. This is reflected in its cost,
Which is relatively higt; on the basis of dollars
per million BTU since it includes cost elements
for fossil or nuclear energy, energy conyersion
losses, transmission line losses, and others.



, ENERGY CONSUMPT4DINk,DATA-ANUAL. INDEXES
.

SCHOOL
UN

RCENTAGE
ERGROUND

LECTRICAL NAiliRAL GAS TOTAL USAGE
MBTU/FT2 NIBTU/FT2 kr MBTU/FT2

TOTAL COST
S/FT2,

. , .
.

CONTROE. SCHOOLS
.

.

Mangum j 0----L2 1/1.9 75.8 - . 90.7 0.38

Mcloud 1 0 20.6 73.64 94.2 0.34

Davis Jr. High o 21.0 26.7( 47.7 * , 0.23

Highland East o 40.0 47.0 87.0 0.47
,

.

BERMED SCHOOLS
.

, 4r

44ila .

Longfellovir ;k 26.6 27.0 53.6 0.31

i - ington, ,. 35.5 - - 35.5 0.33

, NDERGROUND SCHOOLS . *
. .

Be .

, . a
1512 36.9 7 20.5* --.,....doil7.4 0.46

Blanchard . 45% 39.9 139.9 '
.

-0.41

Dayis 100% 48.2 -- 48.2 0.46

Duke 66% 29.2 .,>
29.2 0.26 ,

Hydro . 19% - 20.6 22.1 42.7 0.26

John Glenn 16% 29.0 38.4 67.4 0.35

Weleetka 25% 25.9 30.3 02.2 0.35

Weilsum 10% 22.0 13.8 35.8 0.24

*Propane
1 MBTU 1,000 BTU

a
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,
.'N IS is 'disaster protectiOn, against tornadoes;
that has provided impetus for, design and
construction .of underground schoOls in Qkla-
homa. However, underground structurti can
protect kople againSt a broad .range of.natural
and man-Made disasters; .and schools offer.The .

'additional advantage that they are. generally
loCated centrat to the highly populated regions

;Where ernergency shelters may be most needed.
Quite simply, the ability of a structtge'tO

pr9vide -shelter against physica,lly disrUPtive
. folie$ such as tornadoes, hUrricanes, hailstOring,'
: or ,high winds is. related 'to the loadingT, the

structure can Withstand. Placing a structure
un'dergroundenables ihe strength of the struc-

,,,ture 'to 'be augmented by the .strerigth of the
soil around it. If the structure is also strong
enough to support a soil cover of tWo feet,
that wilt be sufficient to hold the roof on again'.
st tornadoes, highwinds, etc., and to- Protect
against hailstoneS and falling objects: Moreover,
a structure that will support a soil Cover ,of
three feet will be. very effective against falloUt
radiation and could .be made effective against
a nuclear attack.

The:table on the facing page provides a

quantitave summary of the disaster ,protection

1

Disaster Protection

6utrently afforded as well as what could be
provided in an eni*gency for each of the
underground schools.

-olurrin 2 gives the total additional load that,
can be sUperimposed on each structure without
exceeding:the design value. This superitnposed
load might-bp concitte, soil, or people. Column
3 gives -Nv' superimposed soil load that, if
'added tti the 'bare structure, would provide
disaster protection' sufficient to meet nearly
all circumstances (tornadoes, radiation, etc.).
This soil load is given in both inches and
pounds per square foot.

Comparison of the data In columns 2 and 3
shows that only three schbols can support
the recomlnended soil cover load safely and
permanently, as built. Two additional schools
could carry this load as a temporary, emergency
measure, (Column 4 vs. column 3), but there is
a better alternative for emergencies. With a
system such aS depicted in Fig. 1, the super
imposed load capability becomes that listed
in- column 5. Under such an emergency expedk
ent, it is seen (column 5 vs. column 3) that
all but the two bermed schools could be safely
covered with soil to the depth indicated in
column 3. With the temporary emergency

16

A

strengthening and the soil cover added to
obtain a PF 1000 radiation protection,' the
strength rem ining codd resist the blast load-
ings indicate in column 6.

A few important points and findings shoula ,

be noted:
*0 Several* of the sChools already havg some

soil cover. The figures in table refer 0 total
,soil cover.

o Neither burned school provides good
shelter from tornadoes that pass directly over-
head, because their roofs might be lifted off.

o For those schools where a PF 1000 ..

can be attained withaut exceeding the design
load (correspondin to the underlinings in
column 2), a total fsoil cover as indicated' in
column 3 -'would L1 a desirable permanent
disaster protection niasure . i

o Had a disaster, protectiorf analysis and
appropriate design changes been made before
construction, any of the underground or
bermed schools could , have been built to
provide PF 1000 (and ifnmunity to tornadoes
passing directly overhead, is a consequence)...
The .added cost would total somewhere be-
tween $0.50 and $1.00 per sqUare foot (less
than 3% of t6tal cost, in most cases).



.

RADIATION AND ØLAST PROTECTION CAPABILITY OF UNDERGROUND SCHOOLS STUDIED

,

Name 0 School
Superimposed L

to Equal Design Load
(ps()

Additional
Soil Required to

ftrovide PF 1000(1)
(In.) (psf)

Soil Loading
Allowable

in an Emingency(2)
. (in.) (of)

4

'

Maximum
§uperimposeir Load

when Strengthener:(3)
. (psi)

-
Blast Protection

When Strengthened and
Upgraded to PF 1000

(psi)

Amett 146 28 280 19 190 1080 5.8

Bethel (4) 277 29 I 290 29 I 290 .

.
, 1780 19.3

Blanchard 76. 19 10 15 159 2265 14.4

Blanchard (4)
Atkiitien.

100 19 I 190 19 1 190 2600 16.7

Davis 167 30 300 19 190 840 3.8

Henry Wadswotth(6)
Longfellow (binned)

35 i 33 I 330 4 1 40 240 0

v

Hydro
.. ,

100 29 ' 290 11 ! 110
i

680 2.7

John Glann(6)
)

..

246 19 1 190 19 I 190 4570 30.4

MMus 200 30 I 300 23 230 .1360 7.4
,

Selling .110 30 1 300 19 I 190 . 1900 11.1'

/kW ashingtnn (5)
(bermed)

30 38 380

1

4 1 40

1

.150

Weise** (6) 29 290 29' 290 2140 12.8
i ..

Wellston (8) 300 la 1 186
I

' 18 1 180 5440 35.5

(1) PP refers to Protection Factor, from nuclear radiation. A PF 1000is likely to be adequate for almost any eventuality.
(2) Only in an extreme emergency will it be valid to exceed the Design Load (column 2) without first strengthening the structure. .

3) An Example of a temporary (expedient) option for strengthening is given in Fig. I. Only five of the schools could be upgraded to PF 1000 without

first strengthening the structure. .

( ) In an extrenw emergency, these two schools could be upgraded to PF 1000 without thit strengthening the structure (columns 3 vs 4).

(5) These bermed structures could not be upgraded to PF 1000 even with temporary strengthening of the structure (columns 3 us 5).

(6) These three structures could'safely be upgraded imMediately and permanently and not exceed the-design load (columns 3 us 2).



The S eiling school is' Used here to provide an example
of how to implement expedient structural upgrading.
Note that several desks and two studenti have been left
in the picture of the modifie school room to provide
perspective. The subdivided spices will be generally about
one ithird of the open.space area. Though obviously mord
confining, the temporary inconvenience may be far out-
weighed by ..the benefit gained as an emergency shelter.

The upgrading concept applied is basicaly9 simple.
In a typical structure above ground, 2 psi loading over
the surface of.'a wall will coil In an undergrtUnd

ucture, Where the walls are protected by the soil around
m, the roof is the yulnerable element and "shoring"

as shown in the figure) willeitrengthen,the roof and
hee, the etirtire sturcture significantly. In an emergency,
sh res can be cut from wood posts and beams and as-
*sembled in a matter bf hours. The calculations summarized
in columns 5 and 6 of the table were based on this kind
of emergency strengthening of the roofs in the under-
ground schools.

gs.

là

411100(:4:.et

Figure



Sociological and

Psycbological Attitudes

This sectipn of the- reporfoummarizes a
conference held in Oklahoma City on Februar9
22, 1979. The .puroose of the conference was
to explore trends and experiences in Oklahoma
underground schools. Conference participants
included twelve school district superilltendents,

principals and teachers, who related their

experiences with underground schools.
The participants focused on their obser-

vations of student behavior and on community

attitudes toward underground schools.' Com-

ments are summarized in the following notes:
LEARNING ENVIRONMENT - Teachers and
principallalike believe that their undergrouna

schools prrovide a superior learnihg environment
due primarily to a lack- of noise and distrac-

tions. Teachers can also make better use 9f

classroom tatis to stimulate learning since
there are no windows.
PSYCHOLOGICAL -EFFECTS - Conference

participants were asked to relate .,ny instances

.of phobia, apprehension, or .psych6logical

disturbince on the part Of students that could
be in any way related to being underground.

There were none. One tegacher commented

that. 4' never really knew I was underground

and neither did the children."
PHYSIOLOGICAL EFFECTS - PhysiolOgical

effects were addressed in terms of specific
complaints such as headaches, blurred vision,,,,

fatigue, nausea, and behavioral changes. One

educator mentioned that students in one

underground school had become lethargic in
the afternoons because of improper ventilation.

The problem was solved after proper ventilation
levels were established.

Lack of dust in underground schools pro-

vided a positive physiological effec4, in the
rilief of chronic allergy.symptoms. The super-
intendent of the Duke underground sehool

reported that a student in the school had said

that she loved coming to school because it wiS
the only place she could breathe.
COMMUNITY ATTITUDES A cential at-
titude that emerged was the sense of security

felt by community members in knowing that
they have a shelter from tomadoes. Participants

also reported that for some residents, under-

ground schools may not be easily identified as

a community landmark.
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BOHR. HIGH ,

SCHOOL

, Lpcation: Shawnee, Oklahoma

DistriGt: Bethel IndeOndent District

Superintendent: Belvin CanPell

Architect:

Completed: 1973

,Capacity:

Richard Dunham, AlA

Floor Area:

COnSir tion

4

315 StudentsGades 10-12

11,550 Sq. Ft.,

$37.66 per Sq. Ft.

The primary, considerations)n deciding,to build this under-
-- grOund school were conservation of land area, storm

protection, reduced energy usage and controlled learning
environment. Other, advantages which have emerged are
lower insurance rates and a negligible amount of vandalism.

A 1977 additidn added additional abeve ground classrooms
on top of the belowground classrooms and surrounding
'The initial entry core.

1

A

Floor Plan

Front Erftrance
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BLANCHARD JR-SR
HIGH SCHOOL

Location: Blanchard, Oklahoma

District: Blanchard Independent District

Superintendent: G. Pruitt Lewis

Architect: Hudgins, Thompson & Ball
Oklahoma City, Oklahoma

Completed:

Cipacity:

A: 1968

B: 1974

A: 300 StudentsGrades 7-9

B: 300 Students7Grades 10-12

Floor Area: A: - 8,140 Sq. Ft.
8,140 Sq. Ft.

AConstruction: A: .$18.43 per Sq. Ft.
B: $V2.11 per Sq. Ft.

Parts of the above ground school were destroyed by a
tornado and school administriators Were primarily con-
cerned for student safety. Enel-gy conservation, controlled
environment, and shortage of activity space were also
influencing factors in the decision to build this under-
ground school.

The school was built in two phases, Project A completed
in 1968, Project B in 1974.

Side Entrance

INE46
.011

Hallway

22
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Floor Plan
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DAVIS ELEMENTA Y
SCHOOL

Location: avis, Oklahoma

District: Davis Independent District

Superintendent: E. Wayne Byrd

Architect: Locke; Wright & Foster
Oklahoma City, Oklahoma

Completed: 1967

Capacity : 380 Students--Grades 1-6

Floor Area: 12,500 Sq. Ft.

Construction: $16.00 per Sq.

This school district was faced with a choice between play-
ground space and construction of a new school. They
found that they could have both by building underground.
The schoortprovides five classrooms, learning center, and
administrative office.

1

Administrators believe their school performs exceptionally
well, Several advantages that have emerged deal 'directly
with thc .absence of vandalism and underground school
injuries, lower insurance rates, tornado protection and
controlled learning environment.

1

Library

24

Floor Plan
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DUKE ELEMENTARY
AND HIGH SCHOOL

Location: Duke, Oklahoma

District: Duke Independent D:tstrict

Superintendent: Bill E. Oorgan

Architect: William Appleby, MA
Altus, Oklahoma

Completed: 1965

Capacity: 300 StudentsGrades K-12

Floor Arta: 22,760 Sq. Ft.

Construction: $12.32 per Sq. Ft. .

410.

Bui dings Above Underground School

The Duke School was built to replace the previous school
which was destroyed by fire in April, 1964. It was designed
to also serve as a community fallout and tornado shelter
for 1,950 persons.

The underground design offers a number of advantages
which include more compact floor plans, no distractions
from outside noise, reduced maintenance and energy costs.

Classroom

26
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JOHN GLENN
ELEMENTARY SCHOOL

Location: Oklahoma City, Oklahoma

District: Westerni-leights

Superintendent: Dr. William E. Hodges

Asst. Supt.: Don Anders Oil

Architect: Bill Appleby, AlA

Completed 1967

Capacity: 250 Students--Grades 5-6

Floor Area: 9,840 Sq. Ft.

Construction: $11.00 per Sq. Ft.

Front View

1

V 41

*
6,
6

. . ir 1r vg. IP ,IP Itli ...
Land conservation was the primary consideration in the ". , , , ,,,,,,, x
decision to build this underground school. The school is
also used as a community storm shelter. lomoimpennimipmili

1

Section

28



Playground Area Entrance Ramp

JOHN GLENN

111,MI,

Tn.

..111111!IP.I. 1.1111111=11. 1111 Mer4MIM .11111111

Floor Plan

29



HYDRO ELEMENTARY
SCHOOL

Location:

District:

Superintendentt

Architect:

Hydro,Oklahoma

Hydro independent Distript.

Charles Grarnbrell

, Larry Anderson, AlA
Oklahoma City, Oldihoma

CqMpleted: 197

. Capacity: 250 Students-Grades K-6

Floor Area:

Construction:

10,000 Sq. Ft.

$24.50 per Sq. Ft.

Tge gthoor, administration's concern for student safety,
energy *conservation apd controlled environment were the
primary reasonsior bui17111g underground.

30
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LOI;IGFELLOW
MIDDLE SCHOOL

Location: Norman, Oklahoma

District: Norman Independent District

Superintendent: Dr. William D. Anderson, Jr.

Architcct: Bozalis and Roloff
Oklahoma City, Oklaht:cia

Completed: 1974

Capacity: 608 Students--Grades 6-8

Floor Area: 36,062 Sq. Ft.

Construction: $23.35 per Sq. Ft.

This is a typically Permed school. The berms were raised
to within 4 feet of the roof to limit direct access.
Bermed schools have several advantages. Among the pluses
are: safety, energy conservation, a reductibn in thc chan
of water seepage, little or no vandalism, and an elimination
of the heed for sewer lifts.

32

Side View
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PRAGUE ELEMENTARY
SCHOOL

Location:

District:

-Superintendent:

Architect:

Completed:

Capacity:

Rrague

Prague Independent District

Roy L.-Grissom

3Bowman-Nicek, AlA
Oklahoza City, Oklahoma

1967

165 StudentsGrades 11-2 and
Special Education.

Floor Area: . 7,540 Sci. Et.

Construction: $33.64 per Sq. Ft.

The Prague School was originally designed as a conventional
above ground school. This was changed to an underground
school when a torRado struck the town. Small school
site and a desire tor controlled C:lassroorn environment
also influenced the decision to build underground.

School administrators are pleased with the controlled
. -environment and are planning to buikl a second under-

groupd school.

34

Entrance
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SEILING ELEMENTARY
SCHOOL

Location: Selling, Oklahoma

District:

Superintendefit:

Archit ct:

Completed:

Capacity;

r Area:

Construction:

Seiling 'Independent District

Gerald Daugher

Hudgins, Thompson & Ball
Oklahoma City, Oklahoma

1966

ISO Students--Grades 4-6

6,815 Sq. Ft.

$22.01 per Sq. Ft.

The school administration's concern for student and staff
safety, the need for all of their outdoor activity space,
and. e attractiveness of a completely controlled class-
roo ': nvironment, led to the construction of an under-

I

ground school.

V.
Six underground classrooms house 3rd, 4th and 5th grades
and provide shelter tor the entire student body and stall.

By building underground,and covering the struLt,ure with
two feet of dirt, Seiling was able to build three tennis
court on top ot the underground building.

36
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TUPELO HI6H SC.HOOL

Location:

District:

Superintendent:

Architect:

Tupelo, Cllahorna

lupe lo Indejendent District

Paul Fortner

Ben Graves and Associates,
Al A, Norman, Oklahoma

Completed: 1978

Capacity: 350 Students--Grades 7-12

Hoor Area: 16,750 Square Feet

Construction: $26.43 per Sq L

,F aced with the .growing national need for energy conser-
vation, the local need for a community storm Thelterind
a limited budget, Tupelo's new high school was const; ucted
above ground with a tilt:,up, sandblasted reinforced con-
Crete struLture. Earthen 'berms cover seventy percent (70%)
ot the exterior surtALe area, I his Lombination provided
a storm secure structure with , ,ipproxilmite sixty percent
(60%) reduction in heating cos s during the coldest winter
ever recorded in Oklahoma.

38
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WASHINGTON HIGH
SCHOOL

cation: Washington, Oklahoma()

District: Washington Independent District

Superintendent: J.W. Pr'yor

Architect: Reid Architectural Firm
00homa City, Oklahoma

CoMpleted: 1973

Capacity: 280 StudentsGrades 9-12

Floor Area: 18,067 Sq. Ft.

'Construction: $16.33 per Sq. Ft

Safety, due to the fact a tornado had destroyed part of
the town, Id the extreme shot-Lige ot space on the schot
site were the prime faLtvr s in Washingttni's. building ,ind

jundergroumi school.

fhe school administration finds that the probnis with the
exposed roof and the additional cost ot an underground
sfructae might prevent them from building another under-

. ground buildMg.

40
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WELEETKA ELEMENTARY
SCHOOL

Location: Weleetka, Oklahoma

District: Weleetka Independent District

Superintendent: DaviciPuckett

Architect: Richard Dunham, MA
Oklahoma City, Oklahoma

Capacity:

. Floor Area:

Construction:

A: 1972
B: 1978

A: 163 Students-Grades 4-60 '
B: 163 Students-Grades K-3

A: 12,514 Sq. Ft.
B: 12,514 Ss. Ft.

A: $18.79 per.Sq. Ft.
B: $36.28 'per Sq. Ft.

Safety of the children fmm tornados, controlled environ-
ment, energy savingsind limited school site space were
the -irime factors in determining the first underground
structure at Weleetka.

-
The school was built in two phasc:7, PThject A co lpleted
in 1972, Project B in 1978.

42
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WELLSTON ELEMENTARY
AND JR HIGH SCHOOL

Location: Welkton, Oklahoma

District: Wellston Independent District
At

Superintendent: Frank Duke Bryant

Architect: 4. Richard Dunham, MA
Oklahoma City, Oklahoma

Completed: 1972

CapaCity: 190 S udents--Grades 5-8

Floor Area:. 11,000 Sq. 1:t.

ConstructiOn: $14.05 per Sq. Ft.

_

I he school is located 18 ft. u er1ground. All that is visible
at ground .leyel is the entry way to the 13,000 sq. ft.

---.-1subterranean structure.

Wellston is often subject to winc storms and tornadoes.
When plans tor the new shool 'were conceived, it was

decided that rather than build a conventional, above-
ground school with a much needed but little used storm
shelter under grOund, it would be most economical to put
the entire structure below the surface and make full use

ot all space.

44
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