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SI..N4ARY

I. I NTRODUCT I ON

The experiment s reported here are a part of a study funded by the
Defense Civi l  Preparedness Agency under project No. DCPA Ol-7$-C-0247,
Work Unit 1123-C . entitled ‘tBlast Loading in Existin g Structures.”
The purpose of this part of the study was to determine the ultimate
fai lure under air blast load s of construction materials and closure
designs. Data are given for plywood sheets panels , wood closures , and
pl ywood stressed skin panel closures (PSSP).

I i .  I XPFRIMI~NT

Panels of sheet plywood ( l .2~ cm to 2. 54 cn th ickness) were simply
supported at two ends and loaded by the blast at the end of the
Ball i stic Research Laboratory ’s S’.S cm I.!). shock tube . A second and
third series of tests were completed in a sim ilar manner with wood
beams made of 2x ’s plac ed flat , ind the PSSP closures. Pressure-time
1~~iiing and dis p l icemcnt histories were measured as ;~ function of the

~~.ive f’~r the different closures.

III. RESULTS ANI (‘OSUItIS IONS

Record s of blast wave load i ng and panel displacement are presented
as plots in the body of this report.

Panel displacement amplitudes and frequencies are presented as a
function of closure type. The loads needed for ultimate failure of
the closures exposed to blast was about 4-20 times the allowable
st at ic load .
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I. iNTRODUCTION

The work reported here is a p~’i of a task at the Hal li st ic
Rese arch Labo rator~ (BRL) funded by the Civil preparedness Agenc y (DCPA )
under project Order No. DCPA 0l-~ 8-C-O247 , Work Unit 1123-C entitled
“Blast Load ing in Existing Shelter Structures.” The purpose of the
present work is to verify the prediction of the loads needed to cause
ultimate failure (breakout) in predesigned closures intended to upgrade
existing basement shelters .1

Three kinds of closures were to be tested to breakout : plywood
‘h eet panels , wood beam closures (2x’s placed flatwise), and p lvwuod
st ressed skin panels (PSSP). The test procedure used was to blast
load the simply supported closures at the end of the shock tube until
breakout occurred . The experimental setup is described below .

II. EXPERIMENT

‘rh e shock tube , panel test fixture , and recording instrumentat i on
ri,’ brief ly described in this section .

A . Shock Tube Setup

A panel holder was constructed for use at the end of the HRL
“ .S cm I. 1). shock tube. The test fiAture which had been used to hold
the plywood panels in the previously reported experiments7was mod i fi ed
for these tests.

l: i gure 1 shows the pane l holder at the end of the shock tube ;
Ilgu re 2 shows some additiona l details of the setup.

f .ich panel was simply supported at two ends. Figures 3-5 show
the P~

fl
~
’l si :ec and construction details. To allow free movement

through the •V’ cm square opening , a small clearance of 0.315 cm ~~~~

allowed on the long sides , between the panel and the holder. A strip
of 0.3I cm thick rubber w a s  attached to the holder on each side so as
to overlap the clearance openings. The rubber was left loose at each
side of the test panels and could move freel y with the panel when blast

:~~~ . M~tr; ’~~~, 
‘ r~ if’i~; l~aee ’ienta ~~r ~-ri1~f ’~’f Yu’~~’~r Weapon ~~~ - f ~~:

~“) “e-!~’ ~~ i ’~cd ~~~~~ t ~ - t  ~~~~ :~ ~~~~ ~~~~ .~~‘j~~~r f  ~~ P roj ect [ “f  ‘
~~,

.“‘ ~‘~“~“rf ~‘8 t i  ~u ~~ ‘, ~4o’i~’-~ 1Air~ , ‘A. - 4 ~~” .~, io?o.-or I.’~’ 7.

“‘ r, : ’- . ‘-“Vu 
~‘r, ~~~~~~~~~~ F ?aa izrd f r ’ori~ P?~~pt .~ “2i ~’i  ~~~~~ ~

i’~tr ~’~ , ” MemorlinthAr? Report ARBRL—MR-029 17, F~-i7 ‘ii~ti~’ F~~~’ar&i 1A2± ”r-
a tory .‘.4~r’: ~~~~~~~~ 
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Figure 1. Shock tube setup
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PANEL MASK TEST PANEL

figure 2. Pane l holder
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FACE GRAIN

46.99

38.74 _____________

NOTES:
1 . MTL - PLYWOOD

( a )  l .27 cm A D EXT GROUP 1
( b )  1.59 cm BB CLASS 1 EXT
( c )  1.90 cm AC EXT GROUP 1
(d) 2.54 cm AC EXT GROUP 1

2. DIMENSIONS IN CENTIMETRES

Figure 3. DCPA panel test , 5.S cm shock tube-
plywood sheet closure
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— TWO ROWS EACH END• COMMON NAILS (2d)
2.54 ~ 0.182 DIA

8.89 WIDTH
( 2 * 4 s )

NOTES:
1 . TOP-6,35 mm PLYWOOD A- D INTERIOR GROUP I
2. 2 x4~ ARE GRADE T~ Q S-DRY . C-CLR HEM-FIR , OR T• PS-DRY D Ww P WHITE WOODS
3. DIMENSION s ARE IN CENTIMETRE S

Fi~:irc 4. DCPA panel test . 57.5 cm shock tube - closure of 2s ’s
placed flat

IS

4 
- - —— — -

~~
- 

~
~ ‘



1~

NOTES :
1, TOP & BOTTOM 6.35 mm PLYWOO D A - D INTERIOR GROUP 1
2. GLUED PLYWOOD PANELS USED WHITE POLYVINYL RESIN

GLUE (DURATITE H-5 503 - B )
3. STRINGERS ARE GRADE T’ P S-DRY , C-d R HEM- FIR , OR

T. P S-DRY D WWP WHITE WOODS
4. DIMENSIONS ARE IN CENTIMETRES

COMMON NAIL (2d )
2.54 ~ 0.182 DIA

• 4

~~~~ 
•
• 

I 

•

4 HOLES,
1.27 DIA. S

EACH END
STRINGERS AND ENDS

COATED CRATE NAILS (7d) 3.81 a 3.81
5.72 * 0.287 DIA.

Figure S. DCPA panel test , 5.S cm shock tube - NSr closure
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loaded . Two smal l tin ish in g nails (1. 44 dia s ~. s .l 1 ~ - LI’
were driven into the bottom of the panels to .i’s ’~ure t h r  l ’r~~ie1 - t and .
ot f (l..~

’ cm or 0,64 cm depending on the t e ’.t pane l 1c!~~t h .  Rubber
bands were u sed to hold the pane l in contact w ith the holder t o  assure
no air los ’. during loading .

The t e st setup was c omp leted w i t h  a high speed camera , pressure
tr ..nsduccr , and displacement follower. These are dcscr .he-I in Section
B

B. Instrtacntat i  on

The ; res ’ . u r r  : r. i din g consisted of .. I’ t h Model 113 M ~~
ransdu~er w ith .. bu i i t  — in ~ ‘ it age ampl i (icr. The ‘i ~‘ia I t i’ ’ir the r .in ’ . —

~1u~ e r wa s  recorded h~ an I M lioneywe 11 ThO t a ; r  re. ‘ r -Ir r . A quick — I
occ illograp h p layback w a s  avai l . ih l r  it the test site to  ~. irw the records
unt il the analog data ~~ i1d hr converted t~’ d igit a l , and be ; - i ’ t t r ~ w i t ~
e~~ tnecr1~ ,~ units.

The di ’1.i~ er rcn t  da ta was a~~uircd w ith an ol’ikt)N Model 501
1 1 e~’ ro ~. ipt a I I p1 rlrent I ol lowe r ‘ . * sma 11 black balsa wood
., ~~ • ~ 1 ued out side t the ;‘ ..ne I , w ..s t racke d w th the displace ment

to 1 1 ‘we I. The opt 1 c.I I target image w.i converted t in elect ! image
in which the elec t ron densit y w.i~ ;r ’ p ’ r t  ional to  the ~& r rrs ; ’onJing

~ht ( t r ’ir .ir~rt ) i ntens i t ’ . . \
~ .iin the ci r~ ical ut put signa l w .v.

recorded b’~ I ~ tape machine . The dat.. reduc t ion method w .i - .

lie ‘..tr.e is t hat  r the pres ‘.~ rr re~ ords

A hi .~:h speed arer.. (Red Lakes H~cam ) running at 5000 ppc
the instrumentation . ~~i r i n ~ the te st ’ . the lighting w a s  f

to hr n..dcqua t e r the dcci r.’ I fra~s i ii~~~~ -i I h. r re , the - - or. r i

w a s  no~ - i s . ’ ~~i i t t r~ the  ~‘~it v.1 check~~it ‘ . h . t s  .in.I n~ ; - r i ~~t s w~ 11 he

III. RI’~lJ I.T ’~

2~r r e s u l t s  .ire presen ted  t w o  s e c t i o n s :  The press ure
and di ~. r~~en t r ice s , an d a cu~~~a rv data table.

A . r’ .’-.ir e nd fi i c~
- icenent

A tvp i~~;.l s e r i e s  ~ 1 ’adin ~ and def lec tim rr~ - r i ’ .  are shown
in I .::re ’. ~‘-  II . The p rec  cur e - t ime re~ ‘ri’. s how the input shoc k wave
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TIP E . MII C

Tti’T-D ~~ A PAN~ I.. lIST fl
Is. $PIOT-24-7S-W

STA TION— I 15 CN PLYWOOD

a.

TINE. M CCC

TCSI-DcPA PANEL TEST fl
12. iPCT-24-TS—SI

STATION- I IS C$ PLY WOOD

TIME, MCCC

Figure 6. Pressure-time loading records for plywood
sheet closures simp ly supported at two ends
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T IST-OCPA PAN(i.. TEST II
SH0T-24-TS-IIS STA T ION-I IS CM PL~ WO0D

TIME , MCCC

1(CT-QCPA PA NEL TEST II
Sh OT -24- 71-SIC
S T A T ION- I $5 (~N PLYWOODI

T I M E . ~5(C

TC$T-OCPA PANEL TESY II
VIOl - 34-71-534 r STATION- I 1 5CM  PLYWOOD

TIME. MCCC

Figure . Ilisplacement~ t irne record’ for plywood
sheet closures simply supported at two ends
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TCST— DCPA PANEL. TES T III
Is.I $TATION-ZX’$ PINE

I — — — — —— —.
•

T INE . MCCC

TEST—DCPA PANEL. TEST III
5107-24-71- I SIC
$TAT IOP4-2X’3 PINE

‘15

III.
’

V _

1S

• 
-* ——— V.

• $ 5 II 2.

V TINE. MCCC

TE$T-OCPA PANtI. 7111 III
CT-24-7I- I ISS

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
H

TIME. MCCC

Figure 8. Pressure-time loading records for 2x ’s p laced flat
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TC$T—DCPA PANEL. TEST III
4 S  5007-24-75- I 17S

~~~~INC

_ _ _

t .  
IS5~~~~ 

_ _ _  _ _ _

• 
- V. - - - -~~~~~~~~~~~~~~~

S IS 1$ 25

TINE , MCCC

TEST-DCP A PANEL TES T III
055 51107-24-75-Ill

S PINE

$5 V

5 IS 20
TIME . MCCC

ICST-OCP A PANEL. TES T III
055 ‘

TINE. MSCC

Figure 8. (Cont) Pressure-time loading records for 2x ’ c placed flat
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TEIT-DCPA PANEL. TEST XXI
5101-24—75-Is.
$T’AVION—ZX $ PDC

• .~~TT1ITTT’T
TIME , MCCC

TC5T-DCPA PANEL TEST XII
• 6 - SNOT-24-75-ISSC

STATION-ZX’$ PINE

TIME. MCCC

T E1’T—DcPA PANEL lEST III
5 7

~•: ~ 
STATION-2X~$ PINE

TIME . MSEC

Figure 9. Displace.ent-time records for x ’s placed flat
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TEST-DCPA PANEL TEST III
$MCT-24-7S- 575
STATION-ZX $ PINE

~~~~ 

_ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _

TIME . MCCC

TEST -DCPA PANEL TEST III

, ~ 
V 5TAT~~~4 : p ~Nf

_ _  ‘V
TIME . MCCC

TCI1 -DCPA PANEL TEST III
SPCT- 24—75- l 2
STAT ION’-2X’S PINE

I
.
. I~~ 25

TIME. MCCC

Figure 9. (Cont) Disp lacement-time records for 2~~’ s p laced flat
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TCST-D~~ A PANEL. TEST IV
V $MO’T-24—7S- 1 14

STATION—PUP

TIME . MCCC

TCST—OCPA PANEL TEST IV
255 5PV1—24-7S—123

STATION—PUP

2~e

TINE. MCCC

TCST-OCPA ~~~~~~ TES T IV
255 SPIOT-24-75- 2$

S’TATION-P$$P

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TIME, M*EC

Figure 10. Pressure-time loading records for PSSP closures
with plywood skins not glued
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TEST—DcPA PANEL TEST IV
SHOT-24- 71- 0 24

2 $

TINE . MCCC

TEST-DcPA PANEL TEST Iv
SHOT -24-75— 123
STAT ION-PUP

T INE. MCCC

TCST-DCPA PANEL TEST IV
$NOT-24’-7S- 25
STATION—PUP

I 

V

TINE , P11CC

Figure 11. Displacement-time record* for pSSp closures
with plywood skins not glued
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as it passes the transducer station and then the reflected pressure
(at 2-3 ms) b*ck from the loaded test panel. If the panel was broken
out during the shock pressure loading period a rarefaction decay
is shown. See the bottom trace of Figure 8 (Cont) as an example.

The displacement records shos the center panel amplitude dis-
placement as a fupction of the reflected shock wave load and the
accompanying oscilla tions. As the load on a test pane l was increased ,
the average deflec t ion increased but the oscillation tended to be damp-
ed, As the panel began to crack and finally to blow out the optron
follower was no longer able to follow the displacement . See F~gure
7 - bottom trace. Other records for the remaining shot s are given in
the appendix to this report.

Figures 12-17 show cases of panel damage - from slight cracks
as shown in Figure 12 to near total blow-out as seen in Figure 15.

B. Data Tables

The results of the blast exposed panels are given in Tables 1 and
2. The first tahi~ groups the results obtained for the tests on the
plywood sheet closures. The panels li sted were all made of a sing le
sheet of plywood . Most were exposed only one t ime . ~ lett er after
the shot number does mean mult iple exposure . Mo ltiple shots were used
during the testing if there was no visible damage to the panel , no
cracking at al l .  The pl ywood panels showed sligh t damage for loads
below the ul timate failure level - then at the oust point complete
breakout would occur. The load values near to breakout and at break-
out were averaged to give the value for ultimate failure used to comp-
are with predicted values in the analysis section .

The second table cplmnarizes the results from the wood beam
closure of 2x ’s placed fl at and the plywood s t ressed  s k in panels tes ted
as c losures . Here again the test re~u 1ts were s i m i l a r  to those for p ly-
wood sheet s in that at first slight damage only occurred , then complete
breakout as the load was increased . The ultimate failure point was
found to he somewhat higher for the PSSP panels when the skins were
glued and na iled than for the unglued skins. The difference was not

very great , appro ximately, 7 kPa .

The 2x ’s p laced flat showed a smooth linear displacement as
the blast load was increased , then some y ie ld took p lace , and t hen
blowout occured . Figure iS is a plot from the li sted table data for
the 2x ’s used for closures. Breakout occurred at about 31. 4 kPa (4 .Sps i )
for l .2’ cm plywood , at 90.4 kpa (13.1 psi) for 1.59 cm plywood , at
74 .2 kPa (10.8 psi) for 1.90 cm pl ywood , and at 124 .3 kPa (18 .0 psi)
for the 2.54 cm plywood . For the closure made of f lat 2x ’ s t he break-
out occurred at about 488 kPa (70.8 psi). The PSSP closures blowout
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( A )  PRE-SHOT 24 - 78-120
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( B )  POST-SHOT 24-78-120

Figure 15. rc~~i’ clo siire ~ with plywood skins
not glue d - ~ V l d  c~f 149 kPa (21 psi )
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(A)  PRE - SHOT 2 4 - 7 8 - f l 5

(B) POST - SHOT 24-7 6-115

f i g u r e  l~~. PS’ P closure w i t h  plywood skins
gl ued - load of lS kPa (2~’.2 psi)
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(plywood skins) at about 14” kPa (21.3 psi) for skins nailed only and
154 kPa (22.3 psi) for nailed and gl ued plywood skins. The gl ue seemed
to have added some small amount of additiona l strength. The whole
nanel , including stringers , seems to blow ou t when the skins  were only
nailed . The skins broke out when t hey were glued and nailed .

The three larger plywood sheet panels ~zbrated at a freauenc ’ of
about 200 Hz and about 120 for the 1.27 cm panel. The 2x ’s beam closure
had .i frequenc y of about 450 Ii: and the 1’~~ I’ closures about 3 5  Hz.

The experimental values of ultimate failure and vi b rat u. ’mu freq-
uency for the test panels are compared w ith the handbook calculated
values as given by methods used in Reference I.

I V .  -\~.V ~1 ’~~~l S
/

Prediction methods t . u determine the ~ 1ast 1~~.iIs iut ’ S - v ’-Vs . I ry  to cause
ultimate panel failure are given for the three typt-~ f clr”.ures teste ’ . V

A. Plywood Sheet Closures

The expected loads needed to C;emse ultimate failure (break-
through) were predicted ~‘y the method proposed !‘y IL L .  14i rphy (Refer-
ence I). His method is outlined u riefly below.

The weight of the plywood is ignored as a dead load , single
spans are used w ith un i form loads , and simple support s (free ends)
are assumed . \c’ units are hidden in the constant s used in the equations.

For un i form loads based or; allowable bend ini stress :

a S S 
~~~~~~ (I)

where

a a l lowable loads - bend ing r’io”rent (kPa),

Fb 
a allowable bending stress (kPa),

S or Ks • effective section modulus (cm 3/cm width) , and

L • clear span (cm) .

For uniform loads based on allowable rollini shear stress:

2 F 5 ( lb/Q)/t , ( )

36
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where

allowabl e load-rolling shear s t r e s s  (kPa),

1
3 

• allowable rolling shear stress (kPa),

V (lb Q) rolling shear constant (ca2/cm wid th ) ,  and

I. • clear span (cm) .

The usetul allowab le load becomes:

~b 
~5t~ 

whichever is smaller (kPa). (3)

I V V’r the present test panels 
~m

-‘ 5 1u.. t ility factor is in~ luded to give:

Pdm • 5/6 Pm : (3a)

for bending deflection (elastic) under uniform load :

— I t / ( 6. S I (1.11 I) (4)b m
where

- bending deflection (elastic)under un i form load (cm’ ,

I • effective moment of inertia (cm”/cm width) ,

a modulus of elasticit y (kPa). and

I. • clear span (cm).

For shear defl eLt ion (vlact i c ~ under un iform load :

• P C t ~~/(l06 F I). (5)

where

• shear deflection (elastic) under un i form load (cm) ,

C • 120 or 60 for panels applied with face grain perpendicular
to or parallel to supports , respectively, and

t • nominal panel thickness (cm) .

For combined bending and shear deflec tion (elas ti c) either add 
~b 

and
Y from Equations 4 and S or use Equation 4 only  wit h the cons tan t 1. 1
d~opped from the equation .

37
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For the plywood ~~~~ face under uniform load (ends over simple
supports):

a t/(2((Fci /P) - 1)) , (6)

where

t a required plywood end bearing length n t  each end of panel
~ (cm). and

F~ - allowable bearing stress on the plywood face , for load
perpendicular to plane of outet ply actually in bearing
(kPa) .

Reference 1 reco ended that t be at least 3.8 cm ; this reco endation
was followed for the p l ywood pinels just tested .

Ultimate failure for the panels was calculated by us ing va lues
furnished in Reference 4, of materials strength parameters (Table 3), to
give the allowable loads. These values were then corrected for the
ductility ratio and moltiplied by a factor of four as suggested by
*arphy (Reference 1) to g ive the expected blast load needed to cause
ul timate failure of the closures. Table 4 lists the predicted values.

B. Wood Beam Closures

Again the predictions of ultimate loads to fail the wood
beam closures follow the methods of ~‘*irphy (Reference 1). The assump-
tions are the same as for the p l ywood clos ures.

The flexura l or bending resistance is calculated from Equation “ :

— 0.5 Fb (d/t) 2/ (3c), (7)

where

Fb 
a extreme fiber stress In bending (kPa),

t • clear span (cm),

d • thickness (depth) of beam (cm) , and

c - 1/8 for simply supported beams.

D.a~gn Sp.~’f ’ ~ c af  ion,” Am~ri ’an P? yi.s~o- -! Aep( ’~~at:~ ’~’, r.o.
P’: 2 2 ’ , 7’~oo~~, Wae h. 98401, D.~ ’~J’~r 19” .
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The horizontal shear resistance is found from Equation 8:

• 2F~, d/(3c ’(L - 2d)), (8)

where

F — horizontal shear stress (kPa),

a clear span (cm),

d • thickness (depth) of beam (cm), and

- 1/2 for simply supported beams.

The wood beam resistance, q, is then equal to lesser value of aid q~,.

q - leas t of and q~ . (9)

The air blast load to cause ultimate failure is found from Equat ion 10:

• 4(1 - l/(2~.))q. (10)

where the design ductility ratio ~ 3, and

a 4 ( 5 16)q .  ( 11)

The ~~~iired bearinj length at esch end Is:
te • qtc S F ~1 (12)

where

t - clear span (cm) .

Fci 
a compression stress perpendicular to grain or bearing

stress (kPa), and

a l,’2.

is recoi ended to be at least 3, q1 cm.

The calcula ted load to cause ultimate failure for the wood beam
closure (2x ’s pl aced flat), a fter mult iplying the leas t allowable
load , q , by the du ctib il it v ratio and by a factor of 4, is given
in Tabl~ IV .
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B. Plywood St ressed-Skin Panel Closures

The analy sis of the plywood stressed -skin panel closures (PSSP)
again follows closely that given in Reference I. T n r  panels are assumed
t.-~ be uniformly loaded with the outer plies of the two plywood skins t o

4- e parallel to the stringer s .

~ view of the end section of the PSSP Closure to be tested is
shown in Figure 19. The clea r distance between strin gers should be
1e~ s than t w i c e  the bas ic spacing , b, as given in Table 5 , ~or thes e
calculation s to app l y. See Ii ~:nut- l~ \

The neutral a x i s  
~~~~~~~~~ 

is calcu la ted by fo ll ’w .ng the steps of
i . ure l9A . A value ot Fig, the s t i t t n e s s  fac to r , ~~s calculated for

‘J- e combined skins and stringers of the test panel . Figure l9B .

The allowable load in panel defl ect ip ’. ~ s ’

(tIg) • ~~~~~~~~ • Pt

where

a i l l  wa~- It ~ tot .4 load -panel de f le~ t ion ( k P.i I

C - t , I c t V r  r maxt ~~im allowable del ;’- * ; .  — ~~ tor f l oors ,
2 40 f,~r- ro~ f s .

I I~ from I;  re 19 ( • ~~~ V 
- cm ’)

a a ctnii l tot.i l cross s ” c t  ion area of all st r.u~ ,’rs V ‘p V )

C a m- 1 -n- . of’ i - i g t d t t v  of stringers (kPa) taken as 0. ~~ ‘

• clear span of panel in direction of stringers (cm), and

i ’  a’ w i d th of panel - for sk in s in Jirec ticn perprr:dicul.i r to Ucm ).

The dead we ight (II) is :ero for the present tes t  panel si r~~r each pane l
was loaded as a wa ll panel , (uprig ht position), not as a floo r panel.
P • 1 1 . f k1’a (1 .1 psi)  fc~r the PSSP tested — the a1 ~w-i~- 1e to ta l  l ia ,~fct r panel deflection .

The allowable total l oad - top skin defle ctio n (çros~_pane1) , is:

P
t 

— ~~~~ t - I V ( c (~~”~~
3) • 1)1 , (14)
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wher e

• allowable total load - top skin deflection (kPa) ,

C • factor for maxiai~ allowable deflect ion - 360 for floors
and 240 roofs,

E Is for top skin (kPa),

I • stress applied perpendicular to stringer and face grain
(cm /cm) ,

• clear distance between stringers (cm), and

t”/C • midspan deflection (cm) .

when DL is :ero P t 
a “ .2S kPa (1.06 psi ’) for the top skin of the panel

tested.

The total allowable load In bendi~~ is found from Equation 15:

U (8F/ct’1 2) (FIn lE skjfl ~

where

- allowable load In bending (kPa) where El is for bending
about a neut ra l ixis , calcula ted as in figure 19 but with
the effective width of bottom skin to be used . For the
present test , panel spacing tk~ t ’ V -’2 a stringer width —
(the effective width), and therefore

EI~ • E I~ as already’ calculated (kPa - cm).

F a F or F
~ 

(F for top skin and F for bottom skin) (kPa).
Tile values Sf F

~ 
and F

t 
are t o b~ corrected in the following

way :

if -~--— a 
~ 0.5 use 100~ of 1 and F

b C t

if ratio ~ 1.0 to use (~
“ % , and for ratios between 0.5 and I

vary percentage linearly between 100 and ~~~% .

F • skin under check inc l ud i ng percentage increase (kPa),

C • distanc e to center of skin thickness from ‘~ .* (cm), and

F and F’ are as before (cm) .

The values of 
~b 

are p10.0 kPa (11.6 psi) using upper sk in and $S. ’ kPa
(12,4 psi) using bottom skin of the test panel.
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I’he allowable total load - roll ing shear is:

• (2(: I 
~~~~~~~~~~~~~~~~~~~~~ 

( I to

re t ~e stat i - a l  moment

Q a .\ d and (I”)

d~ • c — y’, (la)

See Figure 20 for definition and value of v ’ (Table e ) .  L 1 5 t (kPa-cm)is
the sun ot the g lueline wid ths  .~~er each stringer (three in test panel)
mul t ip l ied ~~ i t s  app 1 - ahi e allowable rolling shear st ress I I I ;i!- Ic 3
above). ; and ~ (~~m~ are same as before. P5~ 

a I .2 kPa (.~ psi) ~.r
the test panel.

The a l lowab l e  t o t a l  load — h o ri :ont al she.i r i s :

a ( 2  F , t ) / t (I 
~~~ 

I 
st ‘ 

(19)

where

• -4~~l owa! I r load — hor :otnt il shear (kPa)

F • .i11 ,)wah 1 e st ress t r i ng . horizontal sht- .4r (1 I i

• sum of V~~~ rnn ~ t r  wid th V

FIg is f ro~ Figure 12 above (kPa - cm h)

I 
• 

is for ‘- ‘ringer in~ ! i -hn~ perc entage in~ rca— c (kPa),

F and F ’ as before - 
- 
, and

Q str inger ~skjn ~~s k n ~ n -~ rznger
’
~ 

(20)

The ter m s of ; are :

Q - • cross section of all stringers ei ther  .* h c ~rstringers below ‘. . A. t imes ~~ centroidal distanc e ~~~~
- —

‘.. -\ . (cm).

a A ll for chosen skin time s moment arm (cm’) . and

l ’ s are as before (with percentage Increase ’.~ (kI’~~ .

The ~ l II1I ’ calculated for P~ is 211 .4 kPa (4.13 psi) for the panel te’-tc.t .
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Fi gure 20. Rolling shear critical plane and Q5 .
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The minimum b.arin,g lenpth .g~ each end is:

— ‘mt~~
2 Fc1)i (21)

where

F, a requ ired plywood end bearing length at each end of the
panel (Ca),

F • clear span (cm) ,

F’ • full panel width (skins) (cm).

a smallest of calculated allowable loads (kfa), and

F
~ 

a allowable bearing stress on plywood face, for loadI perpendicular to plane of outer ply actuall y in bearing
(kPa).

A minimum F of 3.81 cm at each end was used for the test panels. The
smallest al!owable load calculated for the PSSP test closure was found
to be for the top plywood skin deflection load , P • 7,28 kPa (1.06 psi).
The dynamic toad required to cause ultimate panel !ailure is:

4
~m 

i - ) (22)

where the ductility ratio, is , is taken as 2, and

3
~m 

(23)

The load for ultimate failure is 21.8 kPa (3.16 psi).

The frequency for the first mode of panel deflection is given by
Equation 24 (Reference 5). The panel is assumed to act l ike  a simply
suppo rted beam (free at each end) which is uniformly loaded.

50w ,JEIf .—1,. v.~~ (24)

where

f • frequency of first mode (Hz),

I • free span of panel (cm),

‘~Liona i S. MzM , Edit-or, “Mirk, ’ N.chanioa l Engin ,rs ’ Hw~d1ook”,
~*3aGr~.~-~~ i1 ~c~r ’1’ “o., T’v~., Nay York , NY , 295 1.
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RI • flexural rigidity of panel (kPa-cm ’/panel width)

A a cross section area of panel or componen t (cm) ,

W • weight of panel or component (ga/ cm 3 ).

I is calculated from Equa t ion 25 for all closures except PSSP
clo sure :

w d  , (25)

where

w • width of panel (cm) and

d a thickness of panel (cm).

LI • El f rom Figure 19 was used in calculations for PSSP
cllsure.

V 

The calculated and experimental values for P~~ and f for each type
of closure tested are listed in Table IV. for comparison .

V. SU?’I4ARY AND coN(:LusIoNs

As a part of a program to upgrade existing shelters , the Defense
Ci vil Preparedness Agency has had a design manual (Reference 1) prepared
which describes and lists pre-designed closures . Three types a-re listed :
plywood shee t clos ures, wood beam clos ures, and plywood stressed sk in
panels to be used as closures. The closures are designed to be placed 

-

in basement shelter openings - windows and entryways , for example. The
intent was to use these pre-designed closures to upgrade home and coma-
ercia l basements to resist increased levels of blast pressure over the
shel ters’present abilit y to protect the shelterees.

The design procedures followed in Reference I was to calculate the
allowable static load (*jnjmua value used if more than one) and to
correct this value to a dynamic load for ultimate failure for each

V closure . The present work was done to verify experimentally the
valu es of ultimate failure predicted for the closures.

The three types of closures were exposed to the loading of reflected
shock overpressures at the end of the $R1. 57 cm shock tube. Plywood
sheet panels of various thickness (1.27, 1.59, 1.90, and 2 .5 cm) were loaded
to bursting while simply supported at two ends. Wood beam panels
(2x ’s placed fla t) and plywood stressed skin panels were tested in the
same way. Input shock pressure and cen ter-point panel deflection data
were obtained for the different test V

~~~~~ ne l 3
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Loading data - pressure load, panel deflection, and panel vibration
frequency were listed and compared to the calculated values. Rursting
loads were found to be about four t imes the predicted allowable load
for the plywood sheet closures . The fac tor was about six times for the
beam closures and over twenty times for the plywood stressed skin panels.
The plywood skin was the weaker element in the PSSP panels as predicted
but the skin was still many times stronger than it was calculated to be.

Accord ingly,  all the pre-designed closures as listed in Reference I
appear to be stronger (loaded to ultimate failure) by a factor of 2-7
t imes than was predicted for ultimate failure .

Again , as seen in earlier experiments with closures simply supported
on four sides (Reference 2), damage was light until the bursting point was
reached . The panel would nearly always blow out completely when the
plywood sheet closures failed . The beam closures lost one or more
beams and the PSSP closures los t a grea t part of their skins during
failure. At loads higher than burst pressure the entire panel burst into
many fragments.

In general all panels tested took loads that exceeded the predicted
load for ul t ima te failure as pro-designed .
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TRACES
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T(ST—DCPA PANEL. TEST II
SH0T—24—7e—ee
STATION- I V27  CS PLYWOOD

TIME . MS(C

TEST—DCPA PANEL TEST II
8 SHOT-24- 78—el

STATION— I .27 CS PLYWOOD

:i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TIME, MSEC

Figure A-i . Records for 1.27 cm plywood sheet closures.
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TC$T—OCPA PANEL TEST II
41 5*101—24—78—8 I

STATION-I .27 CM PLYWOOD

TINE. MSEC

TEST-OCPA PANEL TEST LI
3*101-24—78—I I

- STATION— I 27 CM PLYWOOD

V 

I 

. 

I

TIME, MSEC

Figure A-I (Cont). Records for 1.2’ cm plywood sheet closures.
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TEST—DCPA PANEL TEST II
5*IOT—24—7$-43 V

STATION-I 27 CM PLYWOOD

TIME. 53CC

TESr-DcPA PANEL. TEST ~~ 
V

3*101—24-78-83
- ,. STATION— I V 27 CM PLYWOOD

x 5  ‘ 
-U

03 -

4
-j

a

8
/ $ 5 II 15 28

TINE, 53CC

E
Figure A-i (Cont). Records for 1.27 cm plywood sheet closures .
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TE$T-OCPA PANEL TEST U
4$ 5*101—24—78—82

STATION-I .27 CM PLYWOOD

S~~~~~~~~~~~~~~~~~~~~~~~~~~~t~~~~~~~~~~~~~~I~~~~~~~~~~~~~~2~

TIME. 53CC

TUT-O~~A PANEL TEST LI
2 5*lOT-24-71—S2

STATION-I 27 CM PLY~~ D

TIME, 55CC

Figure A-i (Cont). Records for 1.27 cm plywood sheet closures.
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TES’T-DCPA PANEL TEST LI
12$ - 5*101-24-78—IS

STATION-I 58 CM PLYWOOD

TINE , P13CC

TESI-DCPA PANEL TEST U
4 SHOT-24-7S-$3r STATION-I SI CS PLYWOOD

~~~~~~~~~~~~~~~~~~~~~~

/ TV

,

1

r.j J

~~~~~~~

,

. 
~~~~ 

I~ 28

TINE. 55CC

Fi gure A- .~. Records for 1.59 cm plywood sheet closures.
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TcsT-ocPA PA~~.. TEsT xx
IS - 81101-24-78-N

STATION-I .58 CM PLYWOOD

TIME. P13CC

TEIT-O~~A PIJ~ L TEST II
5 - IIIOT—24-7$-Il

- 
STATION-I ll Dl PLYWOOD

TINE. 53EC

Figure A-2 (Cont). Records for 1.59 cm plywood sheet closures.
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T(S1—DCPA PANEL TEST II
IN SPCT-24-7$-SSC

STATION— I SI CM PLYWOOD

~~4e

28

S —----- -4 -~~~~-~~~~~~~~~ V . .  _________________

a te ‘S 20

TIME . 55CC

TEST-DCPA PANEL TEST II
I 5 SPICT- 24--78-GSC
I srA’ 10P4- I .s9 cii PLYWOOD

TIME, 55CC

Figure A- 2 (Cont). Records for 1.59 cm plywood sheet closures.
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TCST—OCPA PANEL TEST LI
12$ . 51101-24—78-98

STATION-I .59 CM PLYWOOD

IIS ’~~~~~~~~~~~~~~~~~~~~~~~~~
_

~~~~~ 

H

TINE, 53CC

IEST-DCPA PANEL. TEST II
2 - 31101-24-78-N

STATION- I 59 CM PLYWOOD

U

TINE, P13CC

Figure A -2 (Cont). Records for 1.59 cm plywood sheet closures.
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TE$T—DCPA PANEL TEST II
2$ 5*101-24—78-97

STATION- I SQ CM PLYWOOD

IS

TIME, 55CC

TEST-DCPA PAICL TEST II
2 81C’T-24-7S-07

STATION-I .58 CM PLY~~~~

5

TINE. P13CC

Figure A.- 2 (Cont). Records for 1.59 cm plywood sheet closures.
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T
1EST-DcPA PANEL. TEST LI
31101—24-il-Il

N ‘ 51*11011—1.91 CM PLYWOOD

_

-

TIME, P13CC 
p

TEST-DcPA PAttI. TEST II
I . SHOT-24-7$—Il

STATION-Ill CM PLYWOOD

0

~~IVS 
-

0

a
82 1

$
S S IS IS 21

TIME , MS(C

Figure A-3. Records for 1.90 cm plywood sheet c losures.
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TcS1-DcPA PANEL. TEST 11
Ill 31101-24-78-Il

STATION-I N CM PLYWOOD

-

; 

_

TIME, 55CC

TEST—DcPA PAttI. TEST II
2 - SHOT-24-76-QI

STATION- I .QS CS PLYWOOD
I
U

~
_‘ I S -

TIME, P15CC

Figure A-3 (Cont). Records for 1.90 cm plywood sheet closures.
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TC$ T-.DCPA PANEL TEST II
IN - 31101—24—78—Il

STATION—I .91 CM PLYWOOD

l~~~~~~~~~~~~~~~~~~~~~~~~~~~I~~~~~~~~~~~~~~I~~~~~~~~~~~~~~2~

TINE, P13CC

TEST—DCPA PANEL TEST II
$NOT-24— 7$—QI
STATION-I .88 CM PLYWOOD

I

V i~~~ 

I~~
’ 

I~ 2~
TIME, P13CC

Figure A-3 (Cont). Records for 1.90 cm plywood sheet closures.
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TES1-DCPA PANEL TEST LI
Ill 31101-24-78-92

STATION-I VOl CM PLYWOOD

s~~~~~~~~~~~~~~~~~~~~ I~~~~~~~~~~~I~~~~~~~~~~ 21

TIME. 55CC

TEST-OCPA PANEL TEST II
3 5 SHOT-24-7$—92

- STATION— I IS CM PLYWOOD

TIME, P13CC

Figure A- 3 (Cont). Records for 1.90 cm p l ywood shee t clos ures.
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1tST—DCPA PANEL TEST II
_ _ _  - 31101-24-78—182

STAT ICN-2.54 CM PLYWOOD

~~ 

a
_ _ _  _ _ _ _ _ _ _ _ _ _

TINE, P13CC - -

TEST-OCPA PAttI. TEST U
4 S*IOT-24—7$—182

STATION—2.S4 CM PUYW000

I
tJ

/ *

~~~~~~~~~~~~~~~~~~~~~

JI
~~~~~~~~~~~~

TIME, P13CC

Figure A- 4. Records for 2.54 cm plywood closures.
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TEST-DcPA PANEL TEST II
55 31101-24—71—183

STATION—2.54 CII PLYWOOD

S 9 5 19 15 21

TIME, 53CC p

TEST-OCPA PANEL TEST LI
4 - 31101-24-78-113

$TATIOI+-2.54 Cli PLYWOOD

• 
_____________ 

ii ~ I A~J
TINE. P13CC

Figure A-4 (Cont). Record s for 2.54 cm plywood closures.
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TE$T-OCPA PANEL TEST U
Ill 51101—24—78-184

STATION—2.54 CM PLYWOOD

$ I — _____________________________________________________
0 5 IS IS 20

TINE. 53CC

TEST—ocPA ~~NC TEST II
I S 31101—24—71-184

$1ATION—2 .54 CM PLYWOOD
I
U

TIME, P13CC

Figure A-4 (Cont). Records for 2.54 cm plywood closures.
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TEST—DCPA PAI~~. TEST LI
5$ . 31101—24-78-155

SIATICN-2.54 CM PLYWOOD

a V—s

S 5 Il IS 2$

TINE. 53CC

TEST-DCPA PAttI. TEST II
I ‘~~~ 3*101—24—71—155

S1ATION-2.54 C~ PLYWOOD
I

TINE, P13CC

Figure A-4 (Cont). Records for 2.54 cm plywood closures.
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TCST—O~PA PANEL TEST III
ISO - SHOT-24-78-1l6

STATIOK—2X’S PINE

U,

a —---— —÷ - - — ——-
0 5 II ‘5 20

TI~~ . MSEC

T ES T- DCP A PANE L ~~ S LII
31101-24-70- ¶ 06
STA T ION-2X’S PINE

kJ

a 
~

— 

/

$ ~4 ...V . . . _ _ _ V . V  I . _ .

e 10 Is 26

lIME , P13CC

Figure A-S. Records for 2x ’s placed flat .
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TEST-DCPA PAttI. TEST IU
ISO 31101-24—78—lOlA

STATION-2X’S Pitt

_

a V. VV V_ _  • _ ~~ 
- ~• _

~4__ _ _ 4
0 5 IS 15 20

TIME. P13CC

TE51-OCPA PANEL TEST 11.1
0 4 3*IOT-24—78—ISSA

STATWN—2X’S PINE
I
U

~~e 3z
hi
E

S L V_

• 5 10 IS 21

TIME, 55CC

F igure A-S (Cont). Records for 2z’s placed fla t.
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TEST—OCPA PANEL TEST UI
- :  - SNOT-24— 7$-ISN

STATION—2X’S PDC

± 5 I ~~~~~~~~~~~~~ I~~~~~~~~~~~~~2~ 

H

TIME. P13CC

TtST-DCPA PANEL TEST III
$ ~ 

31101-24-71-1588
- SIATION—2X S Pfl(

I

I .

TINE. P13CC

Figure A-S (Cont). Records for 2x ’s placed f lat .
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TEST-DCPA PANEL TEST III
--U SHOT-24—70-IllO

STATION—2X S PINE

I00

a.

5$

0 - -d

0 5 10 15 21

TI M E . P13CC

TEST-DCPA PANEL T EST III
a 550T 24 78 108D

STAT ION—2X ’S PINE

TIME. P15CC

Figure *-~~ (Cant). Records for 2x ’s placed flat.
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TCSI-DCPA PANEL TEST 111
31101-24-78- I ~~~STATION-2X’S PINE

~- I0e~
-.

58

0 0 
4~- 

‘e Is i~s

TIME, P13CC

TEST-DCPA PANIl. TEST III
V SI1OT~24~78~1N(
• 6 - 5TATION-2X ’S PINE

TIME , P13CC

Figure A-S (Cont). Records for 2z’s placed flat . 
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IESI-DCPA PANEL TEST I I I
51101—24-75-1061’
STATXON- 2X ’S PItt

U,
U

~~ I0e~~~~~~~~J

-V 

50
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a S 1$ 15 21

TIME. P15CC

TESI-DCPA PANEL TEST III
• 7 3*101-24-78—1061’
I STATIO$-2X’S Pitt

6

S t I è i
’
5 2 1

• TIME . P15CC

Fi gure A-S (Cont). Records for 2x ’c p laced f lat.
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TEST-DcPA PANEL TEST III
31101-24—78—t SIC

a. e

58

0 5 5 10 15 28

TIME . P13CC

TCST—OCPA PANEL TEST Ill
a ., 3110T 24-71 ISIS

STATION—2X’S PINE

u S 8

~~S-S

0.4
4
a~83 -

U,
p.,
00.2 -

S I .

A I .1

S S 10 IS 2$

TIME. 53CC

Figure A-S (Cont). Records for 2x ’s placed flat .
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TCST—XPA PANEL TEST III
- SHOT-24- 7$- INN

STATION— 2X’S PINE

is: -

hi
!20S
a,
U,

5 0 -

• 
d. — 4-—

0 5 1 0 I S 20

TIME . 53CC

TEST-OCPA PANEL TEST II I
0 3*101-24-78-I

S1ATI~~—2X’S PINE

~ 5.7

p S •z
hi
zS .S
U

4

~ 0.3
a

0 2

S I

I $ 10 IS 28

TIME , P15CC

Figure A-S (Cont). Records for 2x’s placed flat .
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TEST-DcPA PANEL TEST I I I
SHOT-24—78— 1178

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~,0e

~~25O

2~

TINE, MSEC

TEST-OCPA PANEL TEST Ill
S1IOT-24— 78-I078
STATION- 2X’S PItt

TIME, MSEC

Figure A -S  (Cont). Records for 2x’-s placed flat.
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TEST-DCPA PANEL TEST III
___ SNOT-24-7$-ll7C
.5-i - 

STATION-2X’S PINE

S 

-

~~20O
a.

r

I00

-4U 5 t o  ts  28

TIME , P15CC

TEST-DCPA PANEL TEST III
51101-24—78— I 07C
STATION-2X’S PItt

• 
0~~~~~~~~~~~T I ~~~~~~~~~~~~~ I~~~~~~~~~~~~~~

TIME, P13CC

Figure A-S (Cont). Records for 2x ’s pieced flat.
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TEST—DCPA PANEL. TEST III
: - 51101-24-75-Ill

~~3S0 -

-

1 0 0 -

0 
5 10 IS 20

TIME , P15CC

lEST-DCPA PANEL TEST III
- 51101—24—75-Ill

s-s - I I fl S1ATION-2X’S PINE
I
U
3 -

I-z
W V

05
-~~

0 
IS 15 25 V

TIME, P13CC

Figure A-S (Cont). Records for 2x ’s placed flat .
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TEST-OCPA PANEL TEST 11.1
:: . 3110T—24—78—III

H 13.. -

108

S I I

0 5 IS 1 5 20

TIME, P13CC

TEST—OCPA PANEL TEST III
SMOT-24— 78— P I I
STATION—2X’S PINE

£ 3u

~ 2.5

4

a~ 1 .5U,
p.,
0 1

O S .

5 -_________ I A I

0 5 IS IS 25

TIME , P13CC

Figure A-S (Cont). Records for 2x’s placed flat.
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TE$T~~CPA PANEL. TEST UI
200 SN0T~24—78— Il0C

STATION—2X’S PItt

5 0 •

o 4 4 — 4— —4

S 
-

- 5 IS IS 20

TIME , P13CC

TtST-OO’A PANEL TEST III
• ~ 

- 31101-24—78—I I i
STATION-2X’S PINE

TINE, 55CC

Figure A - S  (Cont). Records for 2x ’s placed flat .
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I

TEST—OCPA PANEL TEST IV
_ _  

SHOT-24—78--I205-- -  

STAT ION—PS$P

flME. P13CC

TEST—DCPA PANEL TEST IV
- 3*101-24-78-120

STATION—PSSP
£4 -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TIME, P13CC

Figure A-6 .  Records for PSSP closures with plywood skins not glued.
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TEST—DCPA PANEL TEST IV
:-_ S1lOT-24-7S-12I

[ STAIION-PSSP

4

~~~ISI

5 I —— —d

5 II 15 25

TIME , P13CC

TC$T-DcPA PANEL TEST IV
51IOT-24—78—1212 5 -  

,~,, S1A1I~ 4—PSSP
£
U
.2 -

U
hi ’ -

I)
4
AS

P1
0

05

a I -

0 S IS IS 20

TIME , P15CC

Figure A- 6 (Cont). Records for PSSP closures
with plywood skins not glued .
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TEST-DCPA PANEL TEST IV
:1. - SHOT-24-7$-I2IA

SIATION—P$$P

_ _ _ _ _ _ _ _ _ _

TIME. P15CC

TEST—OCP A PANEL TEST IV
4 ~ 

,. Si10T-24—78— 121A
I STATION—PSSP

~~4 t-
S fl

~~~~~~~~ 

I

TIME , P15CC

Figure A-6 (Cont). Records for PSSP closures
with plywood skins not glued.
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TUT-DcPA PANEL TEST IV
___ 31101-24-78—122

STAT ION—PS3P

IS’ ~

tSS~~

I——-—-— 4
5 5 IS IS 20

TIME, 55CC

TEST—OCPA PAtti . TEST IV
51101-24—78—122

2 5  S’TATION—PSSP
I

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

8 5 -

• S S IS IS 25

TIME, P15CC

Figure A-6 (Cant). Records for PSSP closures
with plywood skins not glued.
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TEST-DCPA PANEL TEST IV
200 SIIOT-24-78-t23

F
4 1

-—

TIME . P13CC

TEST—OCPA PANEL TES T IV
St10T-24- ’8-  23 
S AT ION-PSSP 

1~TIT1IiTI.
TIME , P13CC

Figure A-6 (Cant). Records for PSSP closures
with plywood ikin s not glued .
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TEST—DCPA PAItI. TEST IV
S*IOT-24-78- 124

[ 
STATION—PUP

~~I5e~

1105 b

• 
V. 

V f f V  
2~

TI ME , P13CC

TEST-OCPA PANEL TEST IV
- SHOT-24- 7$’-1242 STATION—P$SP

I

1~~
i .

TIME , P15CC

Figure A-6 (Cont). Records for PSSP clo su res
with plywood skins not glued.
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T(ST-DCPA PANEL. TES T IV
IHOT-24-78- I IS
STATION—PSSP

200
S

,j IS8~~

~~ISS~~

5.

• 
I I — —-—-- - —‘

0 5 IS IS 2$

TIME , P15CC

T(ST-OCPA PAtti. TEST IV
____ 3*101-24-78- I IS

STATION-PSSP
I I ’u S  -

~~2.S

4
-IASI.5a,p.,
a 1

1.5 -

I I

$ S IS IS 28

TINE, 53CC

Figure A-7. Records for PSSP closures with plywood skins glued.
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T(ST—DCPA PANEL TEST IV
- SHOT-24—7$— I ISA

STATION—PSSP

TINE, MSEC

TEST—OcPA PAtti. TEST IV
3*101-24-78-lISA2

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  *

TIME, 55CC

Figure A - (Cont). Records for PSSP closures with plywood skins glued .
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TEST-OCPA PANEL TEST IV
::- S*IOT-24-75-1I7

STATION—PSSP

4

~~IS0

U

a, -
a,

AS -

SO

5 , LV. _V__ V_ V.~V.__V.~_ __V.—__ V__....4..V_______ A

0 5 1 0 IS 25

TIME , P13CC

TEST—DCP A PANEL TEST IV
________________ 3*10T-24-78-fl7

53 ~ u r n
~~
2 S F  IU

U

TIME , P13CC

Figure A-7 (Cont). Records for PSSP closures with plywood skins glued .
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_ _

~V.V~~~ VV.V

TEST—OcPA PANEL TEST IV
__  SIIOT—24—78—IIS

STATION—PSSP

S 
S Ia 15 20

TIME , P13CC

TEST—OCPA PAIC.V. TEST IV

• 2 3*101—24-78—118
- STATIOI4—PSSP

20

TIME, P13CC

Figure A- 7 (Cont). Records for PSSP closures with plywood skins glued.
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TEST-DCPA PANEl. TEST IV
208 ‘ SHOT-24- 78— I ISA

STAT ION—P35P

TIME. P13CC

- IEST-DCPA PANEl. TEST IV
I 3*101—24—78-lISA

STATION-PSSP
I
U

5 - 5 -  V

TIME, P13CC

Figure A-7 (Cont). Records for PSSP closures with plywood skins glued.
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- V

TEST-DCPA PAtti. TEST IV
V 5*101-24—75—115

STAT ION-PUP

TIME , P13CC

TEST-DCPA PANEL TEST IV
3*101-24—78—1 19

2.5 ‘ STATION-PSSP
I
U
.2 -

z
U
£
h i I  S
U
4

P1
0

0 5  - 
-

A I I I

S S IS 15 2$

TIME , P13CC

Figure A-7 (Cont). Records for PSSP closures with plywood skins glued .
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LIST OF SYP4SOLS

A Cross section area, cm 2
b Basic stringer spacing, cm
C,C’ Constant s , no units
d Thi~kness (depth) of beam, cm
E Modulus of elasticity, kPa
El Flelural r igidi ty, kPa - cn’/width panel , cm

Modulus of elas ticity of stringers , kPa

Allowable bending stress , kPa
F
~ 

Allowable bending stress - top skin , kPa

F Allowable bearing st ress - load perpendicular to plane
of outer ply or grain actually in bearing, kPa

F, Allowable rolling shear stress , kPa
F,, Horizontal shear stress , kPa

f Frequency , H:
C Modulus of rigidity, kPa
(Ib/Q) Rolling shear constant , cm 2/cm width
t Clear span , cm
t Required end bearing length , cm

Width of panel skin , CR
Cl ear distance between stringers , CR
tlidspan diflection , cm
Allowable load - bending moment , kPa
A l lowabl e load - panel deflec ti on , kPa

Allowable load - corrected for ductility ratio , kPa
pps Pictures per sec ond

Allowable  load - rolling shear st ress , kPa
A l l owab le  load - top skin deflection , kPa

Allowable load - horizontal shea r , kPa

~qt 
Allowable load - top skin deflec t ion , kPa
Statical moment cm~
Flezural or bending resis tance , kPa

S or KS Effective sect ion modulus, cm 3/cm width
t Sum of st ringer width , cm
u Ductility ratio, no uni ts
W Weight of panel , gm/ca 3
w W idth of panel , cm.
Yb Bending deflection (elastic) under uniform load, cm
Ys Shear deflection (elastic) under uniform load, cm

97

~~~~~~~~~V. - V .  V. - -  VVV.V.~~~~~~~~~ - - 
V .- -  _V V. V 

~~~~~~



I
DISTRIBUTION LIST

No. of No. of
Copies Or&anization Copies Organization

l.~ (:oi,~ ander I Di rector
Defense Documentation Center US Army Air Mobility Research
ATTh: DDC-DDA and Development Laboratory
Cameron Station Ames Research Center
Alexandria, VA 22314 Moffett Field , CA 94035

I Defense Intelligence Agency I Commander
-Vfl’N : Mr. C. Wieble US Army Electronics Research
Washington , DC 20301 and Development Command

Techn i cal Support Acti vi ty
2 Director AflN: UELSD-L

flefense Nuclear Agency Fort Monmouth , NJ 07703
ATTN: SPSS (Mr. T. I~enncdv

SlAP ( APTI, I.ih r~i rv) 1 Commander
W.ic hington , DC 20305 US Army Communications Rsch

and Development Command
50 -ten se tv i I Preparedness ATTN : DRDCO-PPA-SA

-~gen~~y Fort Monmouth . N.J (Y’ (l
Re\e.irch and Engineerinj~AflN: Admin Off ice 2 Commander
Wa shington , l~ 20301 [iS Army M i ss i le Research

and Dev e lopmen t Command 
V

2 I)efense L i v i l  Preparedness A1TN: DRDMI-R
Agency DROMI-YD L

ATTh : RF( 14V ) ,  Mr. Sis’.t’n Redstone Arsenal , AL 35809
PO(SE) V

W .ishington , DC 20310 1 Commander
US Arm y Tank Automoti ve

I Commander Research f~ Development Command
US Arm y Materiel I)cvelopment ATTN : E)RDTA-tJL

and Read i ness Command Warren , MI 48090
AITh: DRCDMD-ST
5001 I i senhower Avenue I Commander
Alexandria , VA 223~.3 US Army Mobility Equipment

Research 6 Development Cmd
I Commander ,-~TTN: DRDME- WC

US -~rmv Av iat ion Research Fort Belvoir , VA 22060
and Developme nt C~~~and

AVII4: DRSAV- E 1 Commander
12th and Spruce Streets US Army Armament Materiel

• St. Louis , MO (i3166 Readiness Command
ATTh: DRSAR-LEP-L , Tech Lib V

Rock Island , 11

99

- 
‘A

— _V~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— - V.V.—--— -~~~~~ - - V  



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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ - - —~~~~---

DISTRIBUTION LIST

No. of No. of
Cop ies ~~~~~~~~~~~ Copies Organization

2 Commander 1 Office of the Chief of V

US Army Armament Research . Engineers
and Development Command ATTN Mr. Tommas son I

ATTN: DRDAR-TSS (2  cys) Department of the Army
Dover , NJ 07801 Washington , DC 20314

1 Commander 1 thief of Engineers
US Army Harry Diamond Labs ATTN: ENO4E-RD
AiTh: DRXDO-TI Department of the A rmy
2800 Powder Mi l l  Road Wash ington , DC 20314
Adeiphi , !4) 20783

2 Commander
I Commander US Army Engineer Waterways

US Army Materials and Experiments Station
Mechanics Research Center AIIM: Docu Lib

ATTN: DRXMR-ATL Nuc l Wpns Eff Br
Watertown , MA 02172 P.O . Box 631

Vic k sbur g ,  ~~ 39180
1 Commande r

US Army Na t ick Research 3 Commander 
Vand Development Co and Naval Air Systems Command

ATTN: Dr. D. Sid ing, DRXRE ATTN: AIR -604
Na tjck , MA 01762 Washington , DC 20360

1 Director I Commander
DARCOM Field Safety Ac t i v i t y  Naval Facilities Eng Command
ATTN : DRXOS-ES ATTN : R6D Code 0322C
Charlestown, IN 47111 Washington , DC 20390

1 Director 3 Commander
US Army TRADOC Systems Naval Ordnance Systems Cad

Analysis Activity ATI’N: ORD-0632
V AiiM : ATU-SL, Tech Lib ORD-035

Whi te Sands Missile Range ORD-SS24
NM 88002 Washington, DC 20390

1 Deputy Assistant Secretary 3 Commander
of the Army (R60) Nava l Supply Systems Command

AiiM: Ass t for Rsch ATTh : Code 0652
Washington . DC 20310 WashIngton , DC 20390

1 tI~DA (DAEN, ENGW- RD)
W ashing ton . DC 20310

—— V V.~~V . V  V.
~~~~

-
~

V.
—



AD AOT7 116 AR MY ARMAMENT RESEARCH AND DEVELOPMENT COMMAND AUERD——ETC F/s 13/3
BLAST LOADING OF CONSTRUCTION MATERIALS AND CLOSURE DESIGNS. (U)
AUG 79 6 A COULTER

UNCLASSIFIED ARBRL—MR—02947 SBIE—AD— E’ SO 325 NL
2ur2
4~77fl6 cIL .E O

2 79U

r

a



DISTR I BUT I ON LIST

No. of No. of
Copies ~~~~ j~zat ion Copies

Co~~ ander 2 Headquarters
Naval Supply Sysreas Co and US Energy Research and
ATN: Code 0421G Developsent Adainlstration
Department of the Navy Depar t of Military Applications
Wash ington . DC 20390 Div . of Biology ~ Medicine

ATTi~: Civil Eff BR

~hl~ f of Naval Personne l Mr. 1. J. Deal
AVIN : Code Pers MU Dr. Rudolf J. Enge lmann
Departaent of the Navy Washington . DC 20545
Washington , DC 20360

I Oak Ridge Nationa l Laboratory
Chief of Naval Resear ch Civil Defense Research Project
Departhent of the Navy ATTN: Librarian
Washington . DC 20360 P.O. Box I

Oak Ridge. TN 3’830
Co~~ander
Naval Ci’.il Engi neering Lab 1 Office of Federal Building Tech

~TTN : Docuacnt library Center for Building Technology
Port Huencae, CA 93401 A17N: Mr. Sa~ iel ~.araer. (1~

National Bureau of Standard s
AFWL (SIlL) Washington . DC 10.~34
ki rt la~d AF B . ~~ 8 1 l

2 NatIona l Bureau of Standard s
AF~L . i~ i I Eng Dlv) ATTN : Dr. Lewis V. Spencer
k~ rt land AFB , NM ~7ll7 RN C313-Building 24S

Was hington , DC 20234
AF~L &Tech Library)
kirtland AFB , NM 8711 I Agbabi an Asso ciates

2S0 Nor t h Nash Stree t
Civil Engineer ing Center II Segundo. CA 90245
AF /PRECET
Tyn dal l  AF B , FL 32403 3 Bell Telephone Laboratories

AflN: Mr. F. Witt
Civ il Engineering Center Mr. R. Mayo
AF/PRECE Mr. J. Foss
Wright -Pa tterson AFB , CII 45433 Wh i ppany Road

Whippany . NJ 07981

I Center for Planning •j~~
Research , Inc .

2483 East Bayshore-Suite 104
Palo Al to, CA 94 304

101



____________________________________________________________________

DISTR I BUTION LIST

No. of No. of
Copies C~ples Organization

The Dikewood Corporation 1 R61) Associates
University Research Park ATTh : Dr. Henry Cooper
1009 Bradbury Drive, SE 1401 Wilson Blvd .
Albuquerque . P44 87106 Rosslyn , VA 22209

Eherle Smith Associates , Inc . 2 Sandia Laboratories
AT’TN : tIr . Lyndon Welch ATTN: Dir 5412, L. Vortman
950 West Fort Street Dept 5230, Dr. P4ehl
Detroit, MI 48226 Albuquerque , P44 87115

Genera l American Transporta- I Scientific Services , Inc .
t ion Corporation ATTh: Mr. Charles Wilton

(eneral American Research Dlv 1536 Maple St
7449 North Natche: Avenue Redwood City, CA 94063
Niles , IL 60648

3 SRI Internationa l
HIggins , Auld 6 Associates ATTN: Dr. S. Martin

Engineers Dr. H. *irphy
ATT~i : Cornelius J. Higgins J. Re~~1e
2601 Wyoming Blvd., Suite 11-1 333 Ravenswood Avenue
A lbuquerque . P04 8’112 Menlo Park , CA 94025

Management Science Associates 1 Wiss , Janney, Els tner 6 Assoc .
P.O. Box 239 ATTN : Mr . J. R. Janney
ATTN: Kenneth Kaplan 330 Pfinsten Road
Los Al tos , CA 94022 Northbrook , IL 60062

Oklahoma Medical Resch I George Washington University
Foundation School of Engineering and

ATTN : Dr. S. White Applied Science
Oklahoma City, OK 73104 Nuclear Defense Desi gn Cen ter

ATTN: Prof. R. Fox
Pacific-Sierra Research Corp . Washing ton , DC 20006
ATTN : Harold 1. Brod e
1456 Cloverficld Blvd., 2 lIT Research Institute
Santa Monica , CA 90904 AVTN : Mr. A. Longinow

Mr. 1. Waterman
2 The Rand Corporation 10 West 35th Street

ATTN : Dr. H. Brode Chicago , IL 60616
Document Library

1700 Main Street 1 Pennsylvania State University
Santa Monica, CA 90401 ATTN: Prof. R. KL CT

103 Eng A
University Park, PA 16802

102

__________________________________________



—~ - - -~ —--~ -—..-~ ---.- ,-  , -

~~~~~~~~~~~~~~~~~~
—

~
- - -

~~~~~
- . - .

DISTR IBUTION LIST

No. of No. of
Copies Organization Copies g~~~zation

I Purdue University 1 University of Massachusetts
Purdue Research Foundation School of Engineering
School of C iv i l  i ng ineering ATTh: Dr. N. P. WhIte
ATTh : Mr. M. Scott Amherst , MA 01002
Ci v i l Engineering B u i l d i n g
Lafayette . IN 4~ 9O I University of Washington

1)ept of Civil Engineering
1 Dire~tor ATIN: Prof. W . M i l l er

Program for Energy Research , 307 More Hall
Education 6 Public Service Seattle , WA 98105

AflN : Prof. Robert Bailey
Oxl e y H al l , 1’l 2 Neil Avenue
Columbus , OH 43.l0 Aberdeen Proving Ground

.~ Rc’~’.r . h Triangle Institut e Dir , AMSAA
AiTh : E dwa rd L. H i l l  ATTN : DR X SY , Dr. Spcrrazza

Milton I). Wr ight DRXSY -MP, H. Cohen
P.O. Box 12194 Cdr , USATECOM
Research Triangle Park A ITN: DRSTE-TO-F
MC 27709 D i r , Wpns Sys Concepts Team,

Bld g. E3516, EA
I S.in Jose State College AiTh : DRDAR-ACW

Dept of Civ i l  Engineering
AliN : Dr. R. Spicker
San Jose , CA 9S114

1 Worcester Polytechnic Inst
Dept of Civ il Eng ineering
AIiM : Prof. C. Koont:
Worcester , MA 01609

I University of Colorado
School of Archi tec ture
AITh : Pro f .  C.. Vetter
Boulder, CO 80302

I Universit y of Florida
Dept of Mechan ical Engin eerin g
ATTN : Prof. J. Sa~ iel
Gainesville , Fl. 32601

1 University of Illinois
ATTN : Dr. W. Ha l l
lii Talbot Laboratory
Urbana, IL 61803

103

I

-



USER 1:-VALUATION OF REPORT

Please take a few m inu tes to answe r the ques ti ons below ; tear ou t
this sheet and return it to Director , US Army Ballistic Research
Laboratory , ARRADQ)P4, AIiM: L)RDAR-TSB , Aberdeen Prov ing Ground,
Maryland 21005. Your comaents will provide us with information
for improving future reports.

1. BRL Report Number__  _________________________ _______

2. Does t h i s  report sat isf y a need ? (Coment on purpose , related
project , or other area of interest for which report will be used.)

3. How , specifically, is the report being used? (Information
source, desi gn data or procedure , managemen t procedure , sourc e of
ideas , etc.) 

____________ ________________________________

4 . h a s  the informat ion  in this report led to any quant itati -e
savings as f i r  as man-hours/contract dollars saved , operating costs
avoided , efficiencies achieved , etc. ? I f  so, please elaborate.

I

S. General Comaents (Indicate what ‘ou think should be changed to
make this report and future reports of this type more responsive
to your need s , more usable , improve readab ility , etc.)____

6. If you would like to be contacted by the personnel who prepared
thi,s report to raise specific questions or discuss the topic ,
please fill in the following information .

Name: _______________ __________________

Telephone Number :

Organ i z at ion Address: ___________________________________________
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