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It is intended to design a bLonb shelter to withstand the
penetrating and destructive eflects of a demolition bo.b.
A derolition bomb is of the cdelayed action type where the
borb renetrates a considerable distance through the target
tefore the charge within exylodesf This borb has,and is,
rroducing devastating eifects on architecturél structures
by penrnetrating the walls, exploding,and causing internal
pressures within the building therefore causing the walls

to collapse.

Although Luman l1life chould be preserved aZainst any possible
danger, I have disregarcded the fact and siiulated my shelter
decsign to that of a drainage system. In tlie case of a drain-
ace system, it is not designed to accoumodate the maxi..um exrect-
ed flow. It is far more inexpensive to build a systew which
will accomodate a substantially large flow which is not the
maxilinum. Wnen the maximum flood occurs, the system will ULe
insufficient thius causing an overflow resulting in material
damage to the surrounding area. From a practical standpvint,
it has Leen deemed advisable to bear the damage cocts rather
than to pay an added initial cost to build a system which will

accomodate the maxicum flow.

iy shelter desisn is paralleled to that of a sewer desi;n
in that it is not designed to withstand the maximum weight

bOII'Ab .

Keasons for this statement are: IFirstly, it is highly

impractical to cairry a bomb heavier than 1000 pounds for

143091
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long distances Lecause tre carrier then has onliy one vull.er-
—————
able rower. VWhen that one Donib is expenced the eflect ol tle
carrier is gone. Secondliy,in actual tests it has been deter-
r.ined that the area of destruction frou a 1ul00 pound Loub 1is
3c0 sqe ft. If this came boui weight is split up so the
carrier has ten 100 pound Lo.bs and drops them simultaneous-
ly, the area of destruction uiounts to &&£5 sq, ft?'lt can
further be ceduced that a boub of such weight would mainly
be used against a small concentrated, and hichly important
target. Thirdly, bomb shelters are not discernable froi. tle
air so such a target would be next to impossible to hit

intentiorallyfrom the air. ---It is for these reasons that

I have Lased my design on the action of a 500 pound bowmb.

The design of a bomb shelter can be based on one of the three

following methods?

T

1.Bomb forces are replaced by equivalent static louds.

In this case the already existing static equilib-

rium equations can be uced.

cr
P2

2.Design on =2~tual eneg} loads. In this case a
thorough study would have to be made to determine
the amount of eixplosive energy concrete can with-
stand.

R.Design by the use of strictlv emperical formulas
derived by forces expended on bomb shelters in

o

Zngland,
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»y desigcn uses the first of these three metliods. Eesides
being more tutored and acquainted with this style ol desigmn,
a recent search through texts and pamphlets hLave led e to
believe that my design would be Jjust as good or even better
than an; derived by the use of ‘ethod nunver 2. Zmperical
Torriulas for shelter designs are merely static equations
altered b, assunptions. I am therefcre doing thie sane thing

except I am using assw.ptions of my owil.

Al the uomert of impact, a borb has a velocity which is main-
ly due to gravitational pull. The aircraft gives the project-
ile a horizontal velocity co.ponent when flying parallel to
the ground. Any sli:ht inclination to the grownd will give
tlie projectile an initial vertical couponent, --~Thus dive
bomting. The following set of coumputalions are presented to
prove that thie main factor in the design of a structure
against a yrojectiie with the speed of a bonb is shear. Using
hie knowledge that bombing planes usually fly at 10,000 ft.
when dropping the projectiles, we can readilly assuse that
the vertical distance traveled by ti:e bowmb is 10,000 ft:*
v =velocity in ft./sec.
a = acceleration due to gravity
s - vertical dicstance of fall
vé: 2as
vi 2(2£)(10,000)
v*: 640,000

v =800 ft./sec.
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Assume thet a 500 pound bomb will penetrate a concrete slab
'Y
2 feet before exploding.

x * depth of penetration

v = weight of bomb

I’ - static concentrated force of bomb

v - velocity upon impact (conservative estimate)

a =acceleration due to gravivy
2
— wVv
— =
Tax

= . 500(1000)%
(32)(2)

F= 4,000,000

Concentrated force exerted on a concrete slab by a 500 pound
boub 4,000 kiprs.
Use:

£, 2000 p.sei.
fszg()()klo I).S.-;-.

U=2:5 pesaie

v =400 p.e.i. (vith stirrups)
kK - .4

J 7810

K= oac

P=1.539
agswu. e tiat slab is € ft. thick

Uead Load - 2007/ #t
Live Load = 4,000 kips

ieglect Lead Load
e cannot consider the boaxb as a point concentrated force
vecause of its aiameter and lhe inclination of the vouu to
the target surface. Thus the effective width of inpact is

taken here as & feet,



Shear V=4,000 kiys

A
vibw

iwin d =

s q = 4,000,000
135x 2w s xiz

8
win d =47 ft.

woments

Min o = \/_i_;—
Kb w

Min d = \/'_‘;:49._92091,_@ )
(34 8)C12)(5)

[Ox}
[

win d 5 ft.

It can easily be seen that the design must be calculated to

accormodate shear stresses.

Irn actual teste il ras bteen determined that if the nezative
and poszitive steel in the reinforcing of tlie slab is stagger-
ed, the eflective width of the applied bormb force is increas-
ed to over ten feet. &lso, if hirh strength steel and con-
creﬁe is used so conputations can be Lased using V=400 peSele,
a concrete slab & feet thick will jrovide anple protection
fro.. a LU0 pound bumb? Using tliis knouled;'e, I Lave d¢signead
my shelter using a 5 ft. slad roof of reinlcrced ccoicrete.

M.

Tlie sleel and concrete diicensicng aie vased on cead locad

@]

~

criteria. Tiis has been Cone lLecauce the Tizh ed of the

n

-
1

rrojectile vill prcduce sucl. instantancous sl.ock, thut the



resulting bending woment will Le of negligiuvlc comncseguence.
It nust be noted that the iiain factor is to exclucde the pro-
Jectile froi: the inner portion of ihe structure. If the pro-
Jectile cannot enter the shelter, thecre can be little haru
{roui the Ll.ust as it will direct its energy to the path of
least resistance. In this case the patli of least resistance
is the line which the projectile followed intov the concrete

slab.

It will bLe noliced in the drawing that the shelter is a virtual
system of corridors. ‘This is an additional protective meas-
ure. If a bomb falls into cne part of the shelter, the in-
hatitafints cf the adjacent corridor will receive blast

rrotection afforded by the wall.
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A. Roof Slab
a. Short Sp=n
use 13 ft. clear stan
l“ 31
DL = &x 150 =750 ¥/
wg = 750 x 1E = ©,000 /4t
Design for continuous intcrior spsn because the
ing moment is nuwnerically less.
= I 2'
U \
i %0 (12) (0000) (12)°
i dB00(1e0)
s 1,5:1,000"
Use fy - 30,000 pes.i.
f(_: COOP.SQi.
n =15
- 1
k 1l + is
nf,
k= 1
l +. A)O OU\J
15(00)
125
X = 7% = 005
. k aca08 _ S0
Jg=1= = 1 = *=5~ $o
3
= L xpia”
1= 599 (Ls108) (Lsces) (12) (@)% = 1,801,000 "
= 1,821,000
4l0(. 108 (LTile) (1)
d®=1,100
a = oot

result-



Use 4 - 4"

. 1,551,000 _ 1.08°%
s Jd 30,000(.cLel)(1e)

i

i}) vars. (a =1.207 )

) } L
| } |
Mo
08
| %'|
." " ]»” |
d‘_ér_g : l
; I B

= 7’4:/11;’
b. Znd Cuarters

4
At end quarters tle morient is reduced IZu7i but due to tlie
need of proteciive steel throuchout, the steel will De

placed uniforply over the complete beair length.

c. wegative Steel

Steel should extend only to quarter points. It will how=-
ever, be placed in the same manner as the positive steel
excent that it will be stacgered to increase effective

width of bomb contact.
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d. Long Span

Clear span =13 {t.

wy is the same as wig = £,0U0 pounds/ft.
S Ry
MA-lE?JI
oo S050Q168)(A2) 3 spq, 000"
12
N ' A—_
by !
i |
h, ‘
9 N
N Ry
"
I
[;95 -o:1~ﬂ
| £ ” l

" h .

+hie value of d, was made much larger tan required so the
slight difference between d; and dg will not make much
difference in the bending monients. Same steel will be used

in long and short spans of tlie slab.

e. waxinmun Shear Stress

va.asoSV Assure J= .2
ued

v = «5(S000)
12(53.125)(.82)

Allowable =.,06(f,) = .06(2000) = 120 P.S5.I.

f. Sond

AllO\'.'Rble 2 loo D e Se i .



4o _s5(2000)
5.5(.92) (53.125)

U= 167 2s.C.
~ okay

B. Cross DBeams

a. The beams are spaced 15 ft. $=f. The bea.s are further
assumed as 24" wide and 24" deep.

Slab weisht to beam = 750(15)(13) = 146250 */#

Beam weight = 2(2)(150) = 600 /i
Total w = 146850 */rt

Clear span =13 ft.
Use 14 - 1" ¢ bars (A = 13.67 )

o
oW
e
o
y - 146.850(12

12
M = 24,640,000 #
Use 4 = 78"

Use b as clear span = %—3 =eHes o 8!

eo”
7& o

&4

-
-
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b. Take lloments about N.A.
35(60) (x-30) = (78-x)(16)(11.0)
(2340) (x-30) = -168&x + 12,&70
2o40x =~ 70,2002 - 165x ¢ 12,870
£,400x = 83,070

X = 30.1"

kd = 30.1"
fe =900 p.s.i.

£, = 30,000 p.s.i.
s ST B
s B e B0:T & 6]
jd=a- £ =78~ 2k 61.7
C=T= %'bjd —_252?9(24) (61.7) = 616,000 ™

Resisting lloment 1i,= CJ@

M, = (616,000)(61.7)
M, = 37,000,000 " ¥
Resisting lloment is greater than lioment applied so

members are designed correctly.

c. Check Shear

-l— pos '5 46 8 = 4905 oSoic
L T 24(61.7% o

Allowable =60 p.S.i.

d. Stirrups
Use %-" Q stirrups. Also use shear obtained from above

calculations’ but call v = 50 p0801.




s, Spaeing = g/k 4 -8l o Gk o

liin. spacing
find s

: 6,00
GEE e s Z4(s)

(16)(s)(24) =100

-lggg - on
6= £40 6.8

Space stirrups every six inches.

C. Wall Design

Since the upper z4" of the walls are in reality the beams
Just designed,the walls will also be made 24" thick. There
is another rea=son for making them so thick and that has
been mentioned in the introduction. The walls are to be
designed as columns. The intersections of the walls will
actually be cokumns and will be reinforced as such. The
clear height inside the shelter will be ten feet so the
columns are ﬂérefore taken as being ten feet high, and

24" square.

a. Weight to column

Roof weight  15x15x150x5 = 168,750 ¥
Beam weight 2 x 2 x 150x156 = 9,000 ¥
column weight 2£x2x150x10 = ____€,000 ¥

Totsal P 183,750 %
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In column design

Use: f! =2000p.s.1.

4" cover
% vertical steel

n=15
longitudinal bars and ties
f. =400 p.s.1i.
f,=16,000 p.s.i.

“"

" "
core diam. = 24-- 8 =16

P~ fA (1+p(n-1)]
183,750 = GGOA[;¢.02(15-15

k=218
d%-218
Gl E
Check okay---d already assumned as 16"
ag= TA ’
a  =.02(218) ~ 4.36°
Use 8-7/8" § bars. (A=4.81°")

"

Build wall to conform with this colwin design. Use

3/8" ties and space them every ¢"¥%

Plhar
4I\ a » [ J
4".5“.".'+. : .;,. *-b:.. : .:- e e *
L] . ?. . . o-:.:..o.o%
e o @ : ‘,
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D. Flooring and Footing
Flooring will be assumed to be two feet thick to give
ample protection from blasts as pictured below. This
2' slab will. be designed so as to act as a suitable foot-

ing at the same time. Thus the footing will necessarily
be 15 ft. square and 2 ft. thick.

STRIST D WWWWVV /
-x%aiVﬁyy@”( e %

WW@W“’_‘
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Assume soil precsure = 4,000 pounds per sq. ft.

Load from column = 1&3,750 s
Load of footing = C'?.éSOOﬁ=
Total = 251,850 %

a. Area of base- 225%
Li= 36!
L=2c + A
16=2¢c + 2
ec= 13
& e6 G

Net pressure
B B51E80 .. ok
p = K 225 =0 L1LZ0 /ﬂ

b. lloment
2
M-%—(A + l.2¢)

s 10 o 2
i - W[% % 1.2(6.5)(12)]

M=560(42.2)[_24 2 1.2(78.1)]
M = 560(44.22) [24 + 93.9]

M= 279,200 "
K= 160

C A I 27942 = ‘/—/ = :
d /Kb /160 1o = 145 = 12,1

Call 4-16"

¢. Check Punching Shear
V - 1120(225- 9°)
&
V = 1120(221) = 247,900







v = £474900
15(12) (. 875)1¢

V= 98 p.s.io < b4
/o/t47
10 p.s.i., allowable with anclLoeage

d. Chec« Diagonal Shear
V=4 03(Le:)
v = .03(2000)

v = 60 p.s.i.
v = 11:0[?25 - (56) J
144

vo2 1120 (26 - 21.8)

v = 250,020

SR s 250,020 i 10.oM
vib 60(.&£75)(24-32)4

d

Call 4 20"

Revise footing to take care of diagonal shear,

e. Footing Steel

Ag T

Use 8-3/&" ? bars.~ (A =.889)
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f. Band Width

W= £(1+4 24)

W= 24(12 x 15 + 24 + 32)

W = 2(180 + 56)

W = 118"
Spacing:

s -Lu1o ¢ - g

Use 18" spacing of bars throughout flooring in both direct-
ions. The bars are 15'-6" long and are placed 20" deep to
accomodate the 'd"derived. Outside walls are reinforced
with a 5" square mesh of 3" thick bars. The mesh is placed

2" in from the wall faces.
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It is very apparent that the design incorporates a high degree
of leniency. In practically every member the dimensions

were much in excess of that required. This apparent over-

size should not be misunderstood. These were not due to
laxity in computations,’but rather to intended oversizes.

It was sometimes difficult to proportion the parts so

they would be larger and stronger than those called for

in the initial calculations. This over-design was practiced
to make some compensation for the live load effect of the

bomb and the bending moment that it produced.

By considering the drawing, it will be noted that thergére
two outlets which may be used interchangeably as entrances
or emergency exits. The decontamination centey,being at
the end of the first corridor, # naturally suggests that
its outside opening be used as the entrances. The par-
titions that enclose the decontamination center, and wash
rooms are of a simple concrete construction. Studding and
m

metal lath are the inner constituents of the wall. The

doors and door casings are metal.

At the end of the first corridor and also at the end of the
third corridor are lavatories. The second or middle
corridor consists of benches and tables for rest purposes.
The third corridor is devoted entirely to sleeping and
casualty quarters. The room is outfitted with triple deck

beds. A lavatory finishes the outlay of the third corridor.




gl

The staircases for the two outlets will bLe noted in the
drawing as consisting of two flights of wide stairs. An
overhead concrete protective covering aids in keeping debris

out of the doorway.

It can readily be seen that a larger shelter can easily be
constructediby adding adiacent corridors to the existing
shelter. The design can be of the same type as already stand-

ing.

Ventilation is accomplished by the use of 1 ft. souere

metal ducts. The duct is vartitimed so there are two channels
within. The lower channel conducts air into the chambers,
while the upper chamber sucks the foul air out of the build-
ing. The outside connections to these ducts will extend
from the bottom of the shelter to points about twenty feet

distant from the shelter.

Water and sewer pipes leave and enter the shelter at an el-
evation lower than that of the floor of the shelter. The
pipework connecting the various points within the shelter

is all placed inside the shielter on the {loor.

The electrical system consists of pipe conduits fastened to
the walls on the inside. The incoming power line will also

be conducted through the ground and enter through the floor.
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