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i ' The underground school offers sevegal advantages.

Prell ry studies.in Oklahoma have shown that these s oolg perform

excep

l1ly well as learning environments. The lack ‘o
distra

ons -helps teacher €ep the attention of thelr st

and
tSe

. . Underground structures can protect people a gainst a bPrcad range of -

natural ‘and man-made disasters, and schools ofﬂer the additional
" advantage that they are generally located central to the highly
. - populated regions where emeérgency she lters may be most needed. In
many cases, these shools were built with the understanding that the
-schools would provide sanctuary for the community in the event of -
tn:n%does. There are indjications that revenue .requirements for energy
and maintenance of underground schools are lgkely to be 51gn1f1cantly
less than requirements,for comparable above ground schocls.- There are ,
- pogsihlllties of makirg dual use of available land, by build;ng
wnderground. Case studies of 12 schools shovw capacity, construction
costs, flder plans, and photographs. (Author/MLF) .
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Schooi administra;or_s dre

significant ° “problems  © in
~ desirable  learning envxronmcnts due,
prxmanly to the continuéd growth of*
schoo! pbpulmon_ and - the generat
 obsolescence  of older buildings. These

obikms .are ~ gompounded with  con-
cerns ajout specidl features requnred by the
"Federal . Government, . storm protecnon, and
ﬂsmg energy costs. Buitdmg underground m‘ﬁ
be a viable alternative to the mpre convent:on

" approach.#

The Undergraund School ~offers  several,

advantages Prehmmary studies by our “staff -

at’ the State Department of Efduc’:ation'have.
shawn that these schcols perform exceptmnally .

© owelllas leammg, enwronmcnts Both teachers-

and ‘principals alike have commented on the
“lack of -noise and distractions and, the ¢ase with'
-which they could keep the attention of their
-, students. Underground schools are hxghly ‘
" valued ‘for storm protection. W many cases,
these, schools were built. with" the under-
standmg*'bh.;!, the schools would provide
sangctuary fogpthe commgmty in the event of
tornadoes is is particularly important 7

Okiahoma since an, average bf 54 tornadoe
are sighted, on, the *ground each. ‘year. Thé}:e e
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are " indications thdl revenue requirements
for energy and mamtenance of undgrgromnd
“* achools are likely to be sngnmcant!y ss thart

requirementsy for comparable above ground =

-

schgo!s There a% posszbsﬁtles of making dual
- use af ava:lable land by building underground. -

Fd example, the- land over an underground
“séhool. fcoud be used ,as. playground areas.:

| want to stress, however tmat the s

and edergy eff;uengy‘of undergrougd schools

, - depend crucially 'on their design. Sound*engi- -
' ‘neering prmcnples and techniques/need ‘to be

apphed by exper:enc"ed archntccts and. engs- o

, k : ncers )
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Thts pubhcatson Was p‘repared using fuhds -
provided’ by the Defertse Civil Preparedness

o T " Agency: with the State Civil ‘Defense in the . -
.t T e . capacity of financzal manager. : o
. . R 1 ” . : . ~ . .
R ST I
. o . sanaw‘ mission of civsl defense is to save.
ST e e ., ¢ lives arfd protect propesty in any type of ...
T S :ﬁ; T \catas_trophé man made, nuclear or fram natural
- o " ¢auses. Preparedness ‘is one of the keys to )
LT .- .. safeguard oufselves and ‘our property. The ‘
v Loos " cg@nstruction - of pmtected schools, whether
. o : undergmund ‘or bermeﬂ would certianly
I - provide safety fog out school ¢hildren.
. . : . [N
? ,; : i 'I‘u,rge you to seriously .consider constru'ctin‘g‘, |
T ' ~your next school using a !'protected” design. '
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The. Insurance Service Office in Okldhoma-
~ reparts that there is no, differehce in insurance

rates for‘undgrground buxldmgs and igentically

‘constructed above ground buildings.. The.

" reasons given are twofold. First, there is no

established rating classification system. spe-

. cifically for underground structures. Second,
- rates for underground buildings - are based on -
_the same judgement factogs applied to' con-

& ventional schools, |n the case of fire insurance

r

. the major factors are;- construction type,
. oceupancy, exposure and municipal protection.
FIRE INSURANCE--There are definite. possi-

bxhues of savmgs on f‘re insurance premiums

-

A

L. .;‘_ “f‘ - i N “A.

.
« v

Insurance

by building underground. The lower premiufﬁ

would be based rily on the higher quality
of - ‘underground construction. The type of
construction generally employed for upder-
ground buildings is classified as fire resistive:
This means that all structual members, in-
cluding -walls, partitions, columns, floors, and
roofs are” made of non-combustible materials.
Fire rating authorities . will dssess penalty .

tharges for any deficiencies such as unprotected
" steel, substandard wall - thlckness and ipferior

wall-materials.. »
EXTENDED - COVERAGE--Rating officials
often ' provide lower rates. for underground'

-

Real Estate -

Real estate was Studied fram 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 (1) dedication
at statehood, (2) gift, and (3) purchase. Al- _
though there have been- differences in acquisi-
tion, costs, thesc ‘differences appear to be
related to the swi of the eéconomy -and the
urban or rural location of the land rather than
for its-intended usage. In regard to current

ﬁnd value, no difference was found between

nd on which conventional buildingg would
be built.from land where underground schools
would be built. Aithough cheaper land(shallow
soil, grade, high water content) would be a
consideration for construction purposes, both
types of Structure use the same engineering

-.considerations. That makes the land cost

decision Jhinge on the -location of students
to be served more than on one type of land.

bui!diné,s because these structures have a lower
exposure to_surface hazards such as tornadoes,
hail, and ice storms. Rates for extended cover-
age are mostly dependent on Anncxpated !oif

ly

‘and underground schools should eventu
‘ get better rates ‘as instrance companies compxle
_experiengce data. \
. VANDALISM-- Vandalism is not a problem in

Oklahoma. Minor. offenses reported such as
gaint scuff marks and Halloween pranks hgve .
negligible costs. The undergroung schgol
appears'to be less attractive to vandals because”
there are limjted exposed walls. Also,. the

vandal may be fearful of bemg‘trapped under-

. ground with no convenient means of escape.

. . . PR

utilization. - Landscaplng for above: grpund
buildings usually involves more expense to
esthetically balance the -view.’ Ulderground ’
bux!dmgs usually have a grass or play area
without extensive landscaping: Because of

this. difference, more grounds maintenance

appeared to be mvoWed in the control schools,

“but records were not avaxlable to estabhsh

e

cost differentials.

On a unit for unit companson (Mthout
coridering one level to multilevel comparisons,
highrise to depth extension, etc) savings
might be gcneratad by using the land over

‘the underground structure as an activity area.

This could reduce the need for purchasmg '
more , land to expand play area( Again cost
relat:onshrps probably would not be the major
factor in most areas of Oklahoma for this

";'«-?'decis‘io'n but the need for activity space.

Some. schgols found that constructing a gym-
nasiumy above an underground school produced
noise pr‘ofb'kems. “To avoid this, Toore depth
would be necessary, thus adding to ihe cost.

- -

Y
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| SR ‘ REAL ESTATE COST DATA
| . scHooL s+ SITESIZE .  CURRENT » ' COST PER
RN S (ACRES) . 'LAND VALUE _ ACR&
1. CONTROL SCHOOLS (CONVENTIONAL) .-
1 Davisdr. High © 165 . .g160429 . 89,723
01 Meagem o 2.0 : o 10,000 o 5,000
“ Meloud . C | 400 . -120,000 . . 3,000
. "1 Highland East = 2000 100,000 5,000
A AR S o ;
N ' BERMED SCHOOLS
1 Longfellow 200 . .. $68000 . '$3,400
| Tupelo - | 2.2 11,000 5,000 " |
‘Washington 14.0 o 25,200 o 1,800°.
* UNDERGROUND SCHOOLS
|  Bethel ° 100 , $ 20000 ~  $2,000
| . Blanchard . . . 16.0 ’ 16,000 1,000
| Davis ' S +. 185 | 160,432 9,723
‘I Duke o e . 82 . : . - 6,200 1,000 -
Hydro - 20.0 36,000 | 1,800
- John Glenn 5.0 100,000 20,000
Prague | | 30.0 - .80,000 R -3,000
.| Seiling | 200 20,000 1,000
Weleetka . 300 60,000 J 2,000
“ Wellston < 10.0 ; 55,000 . 5,500
P *Cgﬁren‘;‘ value ofland was Hetermiﬁed from recent transactions in the same area or by"acceptabvlc rates ()f'appreciatio,n.
s 1]



Bekngn

Most of thie underground schools in Okla-"

homa ' were designed to provide ' protection

from high Wmds and tornadoes. For example,
. wh,en plans were “conceived for a new school *

it was decided to .
.. build the entire school undcrground rather than
+~37 bulld a -conventional school with a ‘much
" peeded but htﬂe nscd underground storm.
shcker .

. The underground design' offers a number'
- of advantages. Below ground space -is' almost _

in Wellston,” Qkiahm

aiwzys tﬁe safest Jecaﬁon for shelter from high

| -winds and - toma&ocs‘ Another aduntage is
. that thermal properties of soil can be used to
" opom:ze heat gain and Toss” thus conserving

energy. Building underground makes better

~ ytilization "of avajlable land sinco the space .
-above ground structures can be used for play-

N ground areas and other conventional buildings.

' "Wsth thrae feet of earth cover, underground

_ structures  offer significant  security from
. nuclear fallout. The underground design also
* - minimizes vandatism pmblems in schoo‘ls by
e ‘timwngexposed wall&

s

10

in, School
.S energy |

. Rl

e safety aﬁ\?ded by- underground schools )

crucially” on their design. This holds

*“for tormado safety. as well for radiation shield- -

ing and blast protection. Several of the schools

- . studied are very-lightweight and do not afford

ssgmf icant’ blast protection. Thesé schools
may also perform-poorly under tornadp load-

State law limiting the level taXation for new

% school construction in Oklahoma has a.malor

-ing. Energy efficlency also has to be designed -
- upderground or not, will only be .
icient' as they are designed to be. ©

impact on underground school design. This. | :

law often favors less expensive building techno-
logies and may be an inhibiting factor with

respect to decisions, to build underground o
since underground bulldings often cost'more to -

build- than conventional buildings.. However, -
school admmismtors Bileve that the long-.

Justifies a greater construction cost.

Architects hayé®Been very coinpetitive in
design costs with fees averaging 6% of building
costs (see

buildings. The only varlations noted apply
to small profocts or 'r_na}or renovations.

©term | economy - of underground buildings K

Design Cost Data Table). Th fees
“are the same for cohventional 'abayeground
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-’ DESIGN COST DATA
—— \ T . } i -
- SCHOOL - ™%~ YEAR sun.'r TOTAL COST GROSS FLOOR AREA 'COSTPER SQ.FT. |.
3 I RIS e | SQ.FT. - L .
g ~ . . .. . e s 4 4 " . A
_— . | comnm."scnoog.s {(CONVENTIONAL)
“Davis ar High 7 1976 _ KX 100 - 1¥Bg0. 1.16
--Mangum© 1961 14,880 - 33,507 ° : 0.44
-McLougd 1875 a 22,740 - 24,800 . 092 .
- Highland Bast 1977 82,497 - N 46,927 ﬁ,.fs
, ) . N L
/ % BERMEDSCHOOLS .\ =
* ‘Longfellow 197374 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
' Bethel © 1973 - zs!too 11,550 2.26
g Blanchard® 7 1968 B } 8,140 1.11
¥ Blanchard* 1974 - 10,800 8,140. - . - 1.33 |
' Davis 1967 12,000 12,500 096 .
Duke # 1965 16,825 22,760 0.74 -
CHydro - 1975’ 14,700 10,000 | 147 .
" John Glenn 1967 6,494 9,840 0.66 . -
Prague. , 1967 ' 15,219 7,540 * .2.02
Seiling ' 1966 9,000 . 6,815 1.32
Weleetka® 1972 | ~ 14,100 12,534 113
Weleetka® 1978 . 27,240 \ 12,514 2.18
~ Wallston 1967 7,080 8,400 0.84
& ' . *Schoo! was constructed in_two different phases.




T .

’ -
s

‘¢

o

. I:rmstructmn

{)ktahoma has constructed twenty-seven |

‘schools with- some portions of the” burtdings

- ‘underground and, fifteen mote - with earth

bermed. walls.'In most cases, protection from
tornadoes was the primary reason for building

" underground. Many of the schools alsn 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-spetific -
and not easily generalized. However, the data .

indicates that the costs for underground build-

ings are slrghtly higher than for comparable

surface structures. For example, the Superin-
" tendent from. Duke Schools reported- that their

underground schoal was completed in 1965

for $1 to $2 more per square foot than a simi-
larly constructed above :ground school.
Prague school was completed in 1967 for

.$4 to $6 more per square foot on the bid

price.

. to increased requirements for excavation,

~concrete framework, roof structure, ventilation

12

The

The higher construction costs are attributed

-

. the possibility. of wedther delays and hard to.
reach water leaks. It is generally believed, how-
-ever, that underground construction costs will

and underground drainage. In some instances,

building COMTRC?Q"%S: add contingency .

fees as a means of proféviing themselves against

become rore competitive with conventional
bujlding 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 come prrmanly from decreased costs

of maintenance, operatmn and repair of under- .

ground buildings. Over the years, the Duke

. systemi has experienced reduced costs of both

interior and exterior maintenance. A further
benefit was that losses due to vandalism have
" ‘been pﬁcﬂcally non-existent

‘Although administrators are generally satis-

. “fied 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.

Bew
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~ CONSTRUCTION COST DAT:A

. . Ld 3 .' §1 L v -' ’ - v A3 .
| \ScHooL  YEAR BUtLT vi'bTAL"QQSt, GROSS FLOOR AREA COST PER SQ. FT.
! : . “ Col ‘ _ SQ FT. | R ‘ '

' comnqL SCHOOLS (cmyvsmnomu

Davm.lr Hngh 1976 .' ars 335000 ‘1980 . $19.36
CMdngum - 1961 . .. 248, oooﬁ - .33807 ~ . 140
“Mcl..oud R - 1975 3., , "24,800 o 15.31

.| Highland East | o1 -‘ 1374 46927 ,_ .°29.30

Tet BEFMED SCHOOLS

| Longfellow T1073.94% - sar981 36,062 2335
‘Yupele® ,,f 1978 . . - 442782 . 1,750 26.43

| Washington 7 97273 ;288000 18,067 - 1633

" UNDERGROUND SCHOOLS

| Bethal- St 1973 435000 - - | 11850 . | 14,05

- Blanchard* . 1968 . - . 1600000 8,140 . 1843

| Blasnchard* - 1974 .. 180,000 . 8140 - 22.11

| Davis ‘ 1967 200,000 .. 12500 16.00.

- | Duke o - "1965° _‘ 280,418 22,760 1232 -

Hydro - 1975 245,000 © 10,000 . 2450

"John Glenn . 1967 - .- 108,240 - . 9,840 | 11.00

“Prague . 1967. 253,645 : 7,540 . , . 3384

.| Seiling - . 1966 150,000 - 6816 Tt 2201
- Weleetka* . 1972 235,000 12514 18.79 .

| Weleetka® 1978 . 454,00 12,514 -36.28

I Wellston.; = _1967" . 118,000 ‘ 8,400 14.05

N

*School was constructéd in two different phases. - K

-~
-

13
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- energy efficient than other schoals. Unfortu—

nately, 4 ¢ amount of reduction was not often
known. In many cases, the underground school

Energy Coiisumption
* . Most administrators of underground schools
" were confident that their schools were more -

was me red along with an above ground'

facmty _ :
One ddmtmstrator statéd that their Mhng

‘ unit, installed in 1966, did not operate effic
ciently and that installation of a newer uhit
-would -show marked :eductmns in “energy

costs,. The Superiptendent from Duke - Ele-

; _mentary “and’ High' School related that he paid

an unscheduled 'visit -t his school during the =
Chrtstmas vacation. Even though the school:
had not been operated for one. week the

inside . temperature was 68°' to £9° while
it wasD" outside.
An analys:s of - utmty hlhng mformatnon

for the school year 1977 78 provndes some

A

_primarily because of the increased use of

7w _ Y

a
5

evidence to support the belief that undergound

and bermed schools are more energy efﬁc:ent
than comparable above ground>sthools. This

- evidence is not conclusive because of mixed
metering with above ground buildings and the
varying percentages of the 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 énergy per gross square foot per year,
this lowel usage is not generally reflected in

lower annual energy costs per square foot

N

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 high on the basis of dollars
per million BTU singe it mcr?uqes cost etements
for foss:l or nuclear epergy, energy conyersion,
losses, tramsmission line losses,~and others.

3

..
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¢ - ~ ? . - e
R ENERGY coNsummer* DATA-ANNUAL INDEXES =~ . '
" : . u' L . ;L o —3
- . . {F‘ K o e N, - N .
SCHOOL PERCENTAGE éLEcTamAL NATURAL GAS . TOTALUSAGE  TOTAL COST
L UNDERGROUND .MBTU/FT? MBTU/FTZ MBTU/FTZ $/FT2
— — —r# — ~— ae -
e ° CQNTRO_E SCHOOLS o B
| Mangum oJ e 1@.9 75.8 . 907 " 038
| MeLoud 0" i 2086 736° 942 @ 0.34
| Davis Jr. High o {210 26.7 477 . *. - 0z
 Highland East 0 % 40,0 47.0 87.0 .. 0.47
‘ o H BERMED SCHOOLS >
" Longfellow . . W 266 27.0 53.6 0.31
hington 0 ’§ 35.5 -- 35.5 " 033
’ L YNDERGROUND SCHOOLS a v
[ Bt W% o 389 - 20.6* Ff‘«-.s———?u 0.46
‘Blanchard- | . 45% 39.9 — - 3399 Co s 0
Davis - 100% 48.2 _— | 48.2 0.46
- Duke 66% 29.2 —_ 20.2 0.25
Hydro . 19% . 206 22.1 - 42.7 0.26
John Glenn T 18% 29.0 38.4 67.4 ¢ 035
Welestka 25% 259 36.3 $$2.2 0.35
Wallston ©10% .. 220 13.8 36.8 0.24
- , *Propane g ".\
‘ * 1 MBTU = 1,000 BTU \
) : 7 [ 4
\
\
ST
1) ok & *
19 .
Ao s .
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A 1t s -disaster proaection agdinst tornadoes, -

. that ha: ‘provided impetus for. design and
construcison .of underground schodls in lea-\

homa However undergmund structurq

L pmmct peopie against a broad range of natural
~ and man-made disasters;.and schools .offer the .

© additional advantage that they are' generally

" Hocated central. to the highly poptilated regions

_where cmergency shelters may be most needed
Quite simply, the ability of & structuge to

T pr?vide .shelter against physically dlsruptwe.

. .. fordes such as tarnadoes, hurricanes, hailstorms,”
" or high winds is. related to the loading: the

.., structure can withstand, Fiacing a structure .
‘underground enables the strength of the struc- .

- ture to ‘be augmented by the strength of ‘the
-~ /soil around it. If the structure is also strong
" enough -to support a soil cover of two feet,

that will be sufficient to hold the roof on again-

st tornadoes, highwmds etc., and to- protectf

against hailsmnes and falling objects. Moreover,

a structure that will support a soil cover of :

 hiree feet will be.very effective against fallout

< fhd:aﬁon and could be made effectwe agamst

anuelear attack.
The . table on the facing page prowdes a
' quantstavg summary of the disaster protection

}

Illsaster Protectmn

cutrently afforded as weH as what could be

.provided in” an emérgency for each of the

" underground schools. .
“Columin 2 gives the tatal additional toad that,.

can be supenmposed oh each structure without

exceeding the design value. This supenmposed
load mtght-bg concgrete, sail, or people Column

3 gives ‘T superimposed soil {oad that, if -
added 1o 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. . N

Comiparison of the data in. columns 2and 3

shows that only threg schools can support -
the recommended soil cover load safely and

permanently, as built. Two additional schools-

- could carry this load as a temporary emergency '
measure. (co!umn 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 cofumn 5. Under such an emergency expedi«-

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 emergéncy

L4 y

. »

A 16 “

strengthening and the soil cover added to
obtain a PR, 1000 radiation protection, the
strength rem}mmg cotfd resist the blast load:
mgs indicated in column 6.

‘A few important points and ﬁndmgs shoulc '
be noted .

‘o Severak of the schools already havg some
soil cover. The figures in table refer to total

soil cover.

o Neither bermed 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 (corresponding to the underlinings in

“column 2), a total [soil cover as indicated in
-column 3 “would

a desirable permanent -
disaster protection mdasure. : o
¢ Had a disaster pro:ec_tiotJ 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 ilmmunity to tornadoes
passing directly overhead, s a consequence).
The .added cost would total somewhere be-
tween $0.50 and $1.00 per square foot (less
than 3% of total cost, in most cases).

S
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_ RADIATION AND Fmsr PROTECT

‘e

.

~»
.

e

ION CAPABILITY OF UNDERGROUND SCHOOLS STUDIED -~ . -

F S | supsrimposed Load | Additionsl * . Soil Loading - Maximum  Blast Protaction
f ﬂimcofw to Equal Design Load |  Soil Required to ;Allowahlt A Superimposed Load when Strengthened and
31 ' : ‘ (psf) = . Provi(_h PF 1000(1) | inan Erpdrgency(2) °| when Strengt'haned(:%) Upgraded to PF 1000
¥ ‘ S in)  (psh - o - Gin) (e | (psf) ' (psi)
TR . S o - -
 Amett 145 28 | 280 19 | 190 1080 5.6
1 Bathel (4) 2 'zs"zeo 29 l 290 - 1780 - 103 -
u . - i | L
 Blanchard 75 19 Ti_wo 15 i 150 2265 144
Blanchard (4) | 100 19 l 190 19 l 190 © 2600 16.7
 Addition R L
" - — g ‘ ‘ * ‘l ) T - .
Davis 167 30 l:mo . 19--} 180 840 38
" Hanry Wadsworth(5) 35 33 -| 330 4 |-40 240 0
" Longfellow (bermed) 3 [' | ,
3o »
¢ ’ ) , ’ M
Hydro 100 28 ' 290 1 ir 110 680 2.7
- - R N ]
dohn Glenn(s) 245° 19| 190 19 | 190 - 4570 1304
Prague 200 30 | 300 zsi 230 - .1360 7.4 ~
- — ; ¥ —
| Sailing ' J10 P 30 ] 300 19 | 190 ‘1900 Ny
Washington (5) 30 36| 360 4 ‘l 40 150 0
{bermed) '° A | :
: T ! * 3
Weleetka (6) 330 29 ILzso 29 j 290 2140 . 128
) ';“. ‘. T - : v .x - I - i . B
. Waliston (6) 300 18 | 180 - © 18 l 180 -5440 36.5
i ; : - - . :

a

{1) PF refers to Protection Factor, from nuclear radiation. A PF 1000 is likely to be adequate for.almast any eventuality.”

(2) Only in an extreme emergency will it be valid to exceed the Design Load (column 2) without first strengthehing the structure. .
(3) An éxample of a temporary (expedient) option for strengthening is given in Fig. 1. Only five of the schools could be upgraded to PF 1000 without

first strengthening the structure. .
(3) ‘I an extreme emergency, these two schoo

Is could be upémded to PF 1000 without Nrst strengthehing the structure (columns 3 vs 4).

'(5) These bermed structures could not be upgraded to PF 1000 even wi th temporary strengthening of the structure (columns 3 vs 5).
(6) These three structures could safely be upgraded iminediately and permanently and not exceed the design load (columns 3 vs 2).}.

1

112.2 |




Cm
[

The Seiling school is used here to provide an example -
of how to implement e:ypt.d:cnt structural upgrading.
- Note that several desks and two students have been left
m the picture of_ the mods::fchcol room to provide
+ perspective. The subdivided spdces will be generally about
' one third of the open space area. Though obvmusly moré
conf ning, the temporary inconvenience may be far out- -
weighed by .the benefit gained as an emergency, “shelter.
‘The upgrading concept applied _is basxcal}v simple.
In a typical structure above ground, } 2. psi loading over
the surface ofa wall will coll i/ In an undergrqund
structure, where the walls are protected by the soil around
thgm,” the roof is the vulnerable element and “shoring”
(sugh as shown in the figure) will strengthen_the roof and
" h , the entire sturcture significantly. In an emergency,
shdres can be cut from wood posts and beams and as-
sembled in a-matter of 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. ' '

\‘
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Sunmlogmal and
Psycholnglcal Mutudes

This section of the” report’q@ummanzes a .

conference held in Oklahoma City on February

' 22, 1979. The purpese of the conference was

to explore trends and experiences in Oklahoma

underground ,schools Conference participants

“included twelve school district supenhtendents
principals and teachers, who related their
experiences with underground schools.

The participants focused on. thelr obser-
vations of student behavior and on commumty
attitudes toward underground schools. Com-
ments are summarized in the following notes:
'LEARNING ENVIRONMENT - Teachers and
‘principaly alike believe that their underground
schools é' ovide a superior learnfhg environment

 due. primarily to a lack-of noise and distrac-
 tions. Teachers can also make better use of

classroom’ walls .to stimulate learning since
there are no windows.

",.PSYCHOLOGICAL .EFFECTS - Conference

“ pamcipants were asked to relate &ny instances

kof phob;a, apprehensson, or psychologtcal.. .

‘_‘@

&
oA

* disturbance on the part of students that could
be in any way. re\ated to being underground.
There were nope. One .teacher commented
that I never really knew | was underground
and neither did the children.” |~

- ~PHYSIOLOGICAL EFFECTS - Physmxog;cal‘

effects were addressed in terms of specific * -
complaints Such as headaches, blurred visxoh,
fatigue, pausea, and behavioral changes. One'.a
educator mentioned that students in - one
underground school had become lethargic in
the afternoons because of improper ventilation.
The problem was solved after proper ventslauon- N
‘leve}s were established. 1
Lack of dust in underground schools pro-
- vided a positive physiological effect in the
relief of chronic allergy.symptoms. The super-
intendent of the Duke underground school
reported that a student in the school had said
that she loved coming to school because it wiid
: the qnly place she could breathe. - : .
COMMUNITY ATTITUDES - A central at- .
titude that emerged was the sense of security
felt by community members in knowing that
“they have a shelter from tornadoes. Participants
also reported that for some residents, under-
ground schools may not be easily identified as
a community landmark. :
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BETHEL HIGH , .
SCHooL. .

]

. Leaation: © |\ - Shawnee, Oklahoma .
" Distriet: -+ - Bethel Independent District
i_Sq‘peﬁntendént:“\v © Belvin Cantreli
* Aschitect: .. Richard Dunham, AIA-

| / ) —

Conipleted: T1973

Gapacity: ¢ . 315Students-Grades 10-12

‘Floor Area: 11,550 Sq. Ft,
'}‘C’Qnsiructicn:_ ~ $37.66 per Sq. Ft.

’ RS

-4

1
\
- The primary conssderanon%h deciding to bu:!d this urider-
4gmund school were conscrvatmn of tand . area, storm
protect:on reduced energy usage -and controlled learning
+ environment. Other advantages which have emerged are
lower msurance rates and a neghg»ble amount of vandalism.

A 1977 addition added additional abyve ; ground classrooms .

~on top of the belowground ctassrooms and surrounding

v

Qhe mmak entry core.” %

«

Front Erftrance

LA
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'BLANCHARD JR-SR =
HIGH SCHOOL /

Location: Blanchard, Oklahoma

" District: Blanchard Im‘jepender{t District
Superihte.ndem: G. Pruitt Lewis
Architect: . Hudgins, Thompson & Ball

Oklahoma City, Oklahoma :

Caqipleted: A: 1968

B: 1974
Capacity: A 300 Students--Grades 7-9

' B: 300 Students-Grades 10-12

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

- aConstruction: A: . $18.43 per Sq. Ft.
- B: $§2.11 per Sq. Ft.

" Parts of the above ground school were destroyed by a
tornado and school administrators were primarily con-
cerned for student safety. Ene{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 Entrancg

Hallway



X & P ; ‘ - : -
- gt N ‘ ' -
) . . . . . .
< ‘ - ‘.}. ~ R ) . . ) ' } . I ) R 't“;‘hp_T A .
' K A ' . ' T .‘ ' ) - ) ’ 0 * h / . . 4l
Y o “ n L . _ AR _ ,' ‘ o
L ‘ N ‘ . . ‘ / . ) n & : l AR I‘“l“ | IO ‘\QJ‘\O‘VVVVv '
. ‘ . ) . N W . " Y R 4 ‘! BN » I R ;' ‘ ‘l‘ ~.!‘ N/
. - : S P 25777, LIl LRV R WV R .0 N I !“ b :’:’:‘:"’:’:’}:’}:.:’:,
e , A v ol DILRIRINRIR
| 7 R bOSRIIRIKK
| ARG - B ,
. mereremepereret )X XX XK XN e R R R R OISR
- e . , C R RPN IRANK Y 00‘0600vvvv’vvvv.vQ'o'g"QVQ'OQ'QO00”’0000000.’§”“’QQ0000“)00 _
o IO XK XX XX XXX X CHXKRELREREELHIICIHK XAHK I XK KRR I AR LEREBEHRILIEKS
S ’0:0:0:6:0:::{0:o}»’ﬁ’z’:’:*:’:’:”‘:o:’:’0*:’0’0’0‘»‘»’»’0’0’0}’;’9& AN CIRLBIRIZLELZEE

o Q.'K.’ A g . ta‘ . | L o E BLANCHARD

. . - L ' Section
. . . ,
' '
~ .
r -
e 1 - N ©
‘-‘ ' /z v‘ ww
) 12 13) z 182222222002 Then Iy Nheicbaiiirases . - NEREER] T o R -
.............. i >1r
;
o -Floor Plan _ ' P
| ‘ ‘ . ‘ ’ Tl (
Q

oy s R : 23,



" DAVIS _ELEMENTE% |
" sCHooOL- -

Location: Davis, Oklahoma
’ P District: | | Davis Independent District
- Superintendent:  E. Wayne Byrd

Architect: , Locke, Wrigﬁt & Foster .

. L Oklahoma City, Oklahoma »

S | " Completed: "’ 196.7 N |
Capacity: .‘ 380 StgdentsJ-Grades 1-6
F‘ioor Area: 12,_500 Sq. Ft.

Construction: $16.00 per Sq. Ft.

-

This school district was faced with a4 choice between play-
ground space and construction of a new school. They
found that they could have both by building underground.
The school™provides five classrooms, fearning center, and [
administrative office. \ "

-

r
|
N !
Administrators believe their school performs exceptionally b
well, Several advantages that have emerged deal ‘directly
with the absence of vandalism and underground school
injuries, lower insurance rates, tornado protection and
controlled learning environment.

Floor Plan

s E 24
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" DUKE ELEMENTARY
“ AND HIGH SCHOOL

Location: ‘ Duke, Oklahoma

District: | - Duke Independent Dijstrict
" Superintendent: Bill E. Morgan

Architect: William Appleby, AlA . .

Altus, Okiahoma
.Complet_ed:ﬂ " 1965
& ce

Capacity: ‘ 300 Students--Grades K-12

Floor Aréa: = 22,760 5q. Ft.

Construction: . $12.32 per Sq. Ft. .

~

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 3u
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JOHN GLENN
ELEMENTARY SCHOOL

.

- Location: : Oklahoma Cxty,Oklahoma
' ¢,
~District: ' Wcstern‘hcnghts \
' Superinfendent: Dr. William E. Hodges
Asst. Supt.: - ‘Don Anderson ) k ‘
Architect: Bill Appleby, AlA -
¢ Completed . : ‘tl 967
\ Capacity: ) 250 Students--Grades 5-6 R - Front View‘— -
Fioor Area: - 9,840 Sq. Ft. ' |
Constfuction: $11.00 per Sq. Ft.
‘s ’ .
' a

¥ R
Land conservation was the primary consideration in the ™ -

A

b v ' "‘1';( v ” ’ X x
decision to build this underground school. The school is X SRR R \“ Q\\M‘ b “S‘ﬁ" X \<X " ‘\
also used as a community storm shetter. oy w1 l

Section
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" Playground Area _ . | ’ Entrance Ramp

/ S ~ JOHN GLENN
\ o ]
S -

I

Floor Plan
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" HYDRO ELEMENTARY

~ SCHOOL

¥ Lccation,,f
Swerm;ende.nn

Arduw;t o

{ ~'éqni¢iiet=d‘= |
. Capacity:

Floor Area:

Construction:

Hydro, Oklahoma

Hydro Independent District :

| Charles Grambrell -
. Larry Anderson, AIA f
B .Ok!ahoma City, Okiahoma
1975 ;

250 Studenis—Grades K6

- . ¥
. 10,000S8q. Ft. .
$24.50 per Sq. Ft.

._& ,

The sghoo! admxmstrattons concern for student safety,

energy conservation apd controlled environment were the

primary reasons-for bumﬂﬁg underground

I

" Floor Plan
.

T e Entrance
40



Playground Above Underground School :
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LONGFELLOW
MIDDLE SCHOOL

Locaticﬁ.: | Normén, Oklahoma

District: ‘ Norﬁxan lndepenc;ent Distr~ict
Superintendent: Dr. William D. Anderson, |r.
Architgct:. Bozalis and Roloff |

: Oklahoma City, Oklahoma  ~

Completed: 1974 - E R
Capacity; 608 Students--Grades 6-8 . . .
. | Side View ;
Floor Area: 36,062 Sq. Ft. .
Construction: | $2335 per Sq. Ft. )
& .

This is a typically bermed school. The berms- were raised
“to within 4 feet of the roof to limit direct access.
. Bermed schools have several advantages. Among the pm::/
~ are: safety, energy conservation, a reduction in the chan

of water seepage, little or no vandalism, and an elimination

of the fieed for sewer lifts,
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PRAGUE ELEMENTARY

SCHOQL o

.
Location: | Rrague -
District: Prague Independent Qisfrict

Superintendent: Roy L.ﬂGFi;S()m
Architect: ‘\BQWman-Nicek, AlA

- Oklahoma City, Oklahoma
/
Completed: . 1967 -

Capacity: 165 Students-Grades 1-2 and
Special Education.

Floor Area: + .« 7,540 8q. Fr.
Construction: $33.64 per Sq. Ft.
[ 4

The Prague School was originally designed as a conventiondl
above ground school. This was changed to an underground

school when 4 tornado struck the town. Small school

site and a desire for controfled classroom environment
also influenced the decision to build underground,

School  administrators are pleased with the controlled
environment and are planning to build 4 second under-
ground school.

Entrance

.

Stairway
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SEILING ELEMENTARY
SCHOOL ' -

Location: Seiling, Oklahoma
District: Seiiing‘lnd;cpcndent District
SQperintcrtdeﬁt: Gerald Daughexgty
' ) i
‘ Archﬁt: Hudgins, Thompson & Ball
' : Oklahoma City, Oklahoma
Completed: 1966
. . = -
Capacity: 150 Students--Grades 4-6
Floor Area: 6,8158q. Ft. .
Construction: - $22.01 per Sq. F1.

1 ] ' \ N

The school administration’s concern for student and staff
safety, the need for all of theit outdoor activity space,
and (e attractiveness of a completely controlled class-
roa) \%hvnunmcm fed to the construction of an under-
ground school,
| B

Six underground classrooms house 3rd, 4th and Sth grades
and provide shelter tor the entire student body and statf.

By building underground and covering the structure with
two fteet of dirt, Scrlm;, was able to build three tennis
“courts on top of the Lmdcrgmunc building.

ERIC ~ %

Aruitoxt provided by Eic:

I

Playgreund Area

“Floor Plan .



Tennis Courts Above Underground School
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TUPELO HIGH scHooL =~ .~ - ™=

Location: Tupelo, Gllahoma

‘ -
District: ' Tupelo lndci)cndcnt District
Superintendent: Paul Fortner
Architect: ’ Ben Graves and Associates,

AIA, Norman, Oklahoma

Completed: 1978

Capacity: 350 Students--Grades 7-12
Floor Ared: : 16,750 Square Feet
Construction: $26.43 per 5q. Ft.

Faced with the growing national .need for energy conser-
vation, the local need for a cumniunéty storm shelter, and
a limited budget, Tupelo's new high school was comtructed
above ground with a tilt-up, sandblasted reinforced con-
crete structure. Earthen berms cover seventy percent (70%)
of the exterior surface atea, This combination provided
4 storm secure structure with A0 approximate sixty pereent
(60%) reduction in heating cosgs during the coldest winter
ever recorded in Oklabhama, ‘

]
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WASHINGTON HIGH
SCHOOL

ocation: Washington, Oklahomfz ) O
District: ' Washington Independent [?is‘tr‘ict "
Super‘imcndém: ) W, Pr'ym .

Arghitect: Retd Architectural Firm

OkIXhoma City, Oklahoma

Completed: . 1973
Capacity: 280 Students-Grades 912 ) . Front View
’ ‘ : f ' ‘ - -
Floor Area:« 18,067 Sq. Ft.
-Construction: $16.33 per Sy. F1. ‘ . '
. w

Safety, due to the fact a tornado had destroyed part of

the town, !‘d the extreme shortage of space on the school
site were the primhe factors in Washington's building and
)undcr;:mund school,

-The school administration finds that the problems with the
exposed roof and the additional cost ot an dnderground
structure might prevent them from building another under-
-~ ground building. $
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WELEETKA ELEMENTARY
SCHOOL .

Location: Weleetka, Oklahoma -
. . '
District: Weleetka Independent District
. o ,
‘Superintendent: David Puckett
* Architect: . Richard Dunham, AIA
Oklahoma City, Oklahoma
-~
Completed: ‘ A: 1972
. , B 1978 .
Capacity: A:" 163 Students--Grades 4-6 ' E ranc
B: 163 Students--Grades K-3 ‘
. Floor Area: A: 12,514 Sq. Ft. ,
o B: 12,514 Sg. Ft., -
Construction: A, $18.79 per Sq. F't.
B: $36.28 per Sq. Ft.

Safety of the children from tornados, contralled environ-
ment, energy savings, and limited school site space were
the prime factors in determining the first underground
- structure at Weleetka,
The school was built in two phases, Project A completed
in 1972, Project B in 1978,
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" WELLSTON ELEMENTARY
'AND JR HIGH SCHOOL

P

Location: | Wellston, Oklahoma
Dis;r'ictzl WcHstoh Independent l‘)-istrict "
Superintendent: Frank Duke Bryant
Architect: ’ » Richard Dunham, AlA
Oklahoma City, Oklahoma
Completed: 1972
Capacity: 190 Students--Grades 5-8
Floor Area:, 13,000,511. Ft.
Constructibn: $14.05 pe{,_Sq. Ft. 4 .

.

The school is located 18 ft. uq(égmund. All that is visible
at ground fevel is the entry way to the 13,000 sq. ft.
subterrancan structure, o

Wellston is often subject to wind storms and tornadocs.
When plans for the new sc¢hool 'were conceived, it was
decided that rather than build a4 conventional, above-
ground school with a much needed but little used storm
shelter underground, it would be most economical to put
the entire structure below the surface and make full use
of all space.

Classroom
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