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SUMMARY

I. INTRODUCTION

The experiments reported here are a part of a study funded by the
Defense Civil Preparedness Agency under project No. DCPA 01-78-C-0247,
Work Unit 1123-C, entitled "Blast Loading in Existing Structures."

The purpose of this part of the study was to determine the ultimate
failure under air blast loads of construction materials and closure
designs. Data are given for plywood sheets panels, wood closures, and
plywood stressed skin panel closures (PSSP).

I1. EXPERIMENT

Panels of sheet plywood (1.27 cm to 2.54 cm thickness) were simply
supported at two ends and loaded by the blast at the end of the
Ballistic Research Laboratory's 57.5 cm I.D. shock tube. A second and
third series of tests were completed in a similar manner with wood
beams made of 2x's placed flat, and the PSSP closures. Pressure-time
loading and displacement histories were measured as a function of the
blast wave for the different closures.

IT1. RESULTS AND CONCLUSIONS

Records of blast wave loading 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
static load.
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I. INTRODUCTION

The work reported here is a part of a task at the Ballistic
Research Laboratory (BRL) funded by the Civil preparedness Agency (DCPA)
under project Order No. DCPA 01-78-C-0247, Work Unit 1123-C entitled
"Blast Loading in Existing Shelter Structures." The purpose of the
present woerk is to verify the prediction of the loads needed to cause
ultimate failure (breakout) in predesigned closures intended to upgrade
existing basement shelters.!

Three kinds of closures were to be tested to breakout: plywood
sheet panels, wood beam closures (2x's placed flatwise), and plywood
stressed 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.

IT. EXPERIMENT

The shock tube, panel test fixture, and recording instrulentatxon
are briefly described in this section.

A. Shock Tube Setup

\
A panel holder was constructed for use at the end of the BRL
57.5 em 1. D. shock tube. The test fiixture which had been used to hold
the plywood panels in the previously reported experiments’was modified
for these tests.

Figure 1 shows the panel holder at the end of the shock tube;
Figure 2 shows some additional details of the setup.

Each panel was simply supported at two ends. Figures 3-5 show
the panel sizes and construction details. To allow free movement
through the 47 c¢m square opening, a small clearance of 0.315 cm was
allowed on the long sides, between the panel and the holder. A strip
of 0.317 cm thick rubber was 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 freely with the panel when blast

IH.L. Murphy, "Upgrading Basements for Combined Nuclear Weapon Effects:
Predesigned Expedient Optiome,” Technical Report SRI Project 5622,
Stanford Imetitute, Menlo Park, CA84025, October 1877.

zceorge A. Coulter, "Debris Hazard from Blast Loaded Plywood Sheet
Cloeures, " Memorandum Report ARBRL-MR-02817, Ballietie Research Labor-
atory March 1878. (AD #A071460)
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Figure 1. Shock tube setup
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 ANGLE IRON, SEALED WITH 1
SILASTIC J

PRESSURE TRANSDUCER ‘l-
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Figure 2. Panel holder
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FACE GRAIN

46

99

o 38.74 ——f

NOTES:
1. MTL - PLYWOOD
(a) 1.27 ¢cm AD EXT GROUP 1
(b) 1.59 ¢cm BB CLASS | EXT
(¢) 1.90 cm AC EXT GROUP |
(d) 2.54 ¢cm AC EXT GROUP 1

2. DIMENSIONS IN CENTIMETRES

Figure 3. DCPA panel test, 57.5 cm shock tube-
plywood sheet closure
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TWO ROWS EACH END
COMMON NAILS (2d)

2.54 x 0.182 DIA

8.89 WIDTH
(2x4's) ‘2

NOTES :
1. TOP-6.35 mm PLYWOOD A-D INTERIOR GROUP )

2. 2x4's ARE GRADE T+P S-DRY, C-CLR HEM-FIR, OR T+P
S-DRY D WWP WHITE WOODS

3. DIMENSIONS ARE IN CENTIMETRES

Figure 4. DCPA panel test, 57.5 cm shock tube - closure of 2x's

placed flat
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NOTES :
1. TOP & BOTTOM - 6.35 mm PLYWOOD A-D INTERIOR GROUP1
2. GLUED PLYWOOD PANELS USED WHITE POLYVINYL RESIN

GLUE (DURATITE H-5503-8)
3. STRINGERS ARE GRADE T+P S-DRY, C-CLR HEM- FIR, OR
TR S-DRY D WWP WHITE WOODS

4. DIMENSIONS ARE IN CENTIMETRES

COMMON NAIL (2d)
2.54 x 0,182 DIA

1.27 DIA,

EACH END
STRINGERS AND ENDS

3.81 x 3.8

COATED CRATE NAILS (7d)
5.72x0.287 DIA.

Figure 5. DCPA panel test, 57.5 cm shock tube - PSSP closure
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loaded. Two small finishing nails (1.44 mm dia x 38.1 mm long - 4d) b
! were driven into the bottom of the panels to assure the proper stand-
! off (1.27 cm or 0.64 cm depending on the test panel length). Rubber
‘ bands were used to hold the panel in contact with the holder to assure
no air loss during loading.

The test setup was completed with a high speed camera, pressure
transducer, and displacement follower. These are described in Section
B below.

B. Instrumentation

The pressure recording consisted of a PCB Model 113 M 28 quart:
transducer with a built-in voltageamplifier. The signal from the trans-
ducer was recorded by an FM Honeywell 7600 tape recorder. A quick-look
oscillograph playback was available at the test site to view the records
until the analog data could be converted to digital, and be plotted with
engineering units.

The displacement data was acquired with an OPTRON Model 501
Electro Optical Displacement Follower”. A small black balsa wood
target, glued to outside of the panel, was tracked with the displacement
follower. The optical target image was converted to an electron image
in which the electron density was proportional to the corresponding
light (from target) intensity. Again the electrical output signal was
recorded by the 7600 FM tape machine. The data reduction method was
the same as that for the pressure records.

A high speed camera (Red Lakes Hycam) running at 5000 pps
completed the instrumentation. During the tests the lighting was found
to be inadequate for the desired framing rate. Therefore, the camera |
was not used after the initial checkout shots and no prints will be |
shown.

I11. RESULTS

The results are presented in two sections: The pressure loading
and displacement traces, and a summary data table.

A. Pressure and Displacement Traces

A typical series of loading and deflection records are shown
in Figures 6-11. The pressure-time records show the input shock wave

35« company manual "Model 501 Optical Displacement Follower,™ OPTRON,

Divieion of Univ. Tech. Inc., 30 Hazel Terrace, Woodbridge, Conn. 065285.
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TEST-DCPA PANEL TESY IIX
SHOT-24-70-06
STATION-1 60 CH PLYWOOD

TEST-OCPA PANEL TESTY II
SHOT-24-70-06E
STATION-! §0 CM PLYWOOD

A

9
TIME, ™MSEC

TEST-DCPA PANEL TEST IX
SHOT-24-70-03
STATION-!

A

19
TIME, MSEC

Figure 6. Pressure-time loading records for plywood
sheet closures simply supported at two ends
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TEST-DCPA PANEL TEST IX
'8 SHOT-24-78-06

[ STATION-1 6@ CM PLYWOOD
5
| -
a0 s
9.9 3 10 s 20
TINE, MSEC

TEST-DCPA PANEL TEST IIX
'8 SHOT-24-78-96E
[‘ STATION-1 §8 CM PLYWOOD

TINE, MSEC

TEST-DCPA PANEL TEST II
At SHOT-24-78-03
STATION-1 S8 CM PLYWOOD

L] 6 19 e 20
TIME, MSEC

Figure 7. Displacement-time records for plywood
sheet closures simply supported at two ends
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TEST-DCPA PANEL TEST IIX
SHOT~-24-70~100
STATION-2X‘S PINE

19
TIME, MSEC

TEST-DCPA PANEL TEST IIX
200 SHOT-24~78-106C

STATION-2X'S PINE
<
Q 160
100
(3]
. [] & 10 16 20
TINE, MNSEC
TEST-DCPA PANEL TEST IIIX
SHOT-24-70-1006
STATION-2X'S PINE
260
200

PRESSURE, KPA
4

v

™ a e

.
1

& 3 19 18 20
TINE, MSEC

Figure 8. Pressure-time loading records for 2x's placed flat
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€ *
TEST-DCPA PANEL TEST IIX
m - '0007-24-7.- 1 .7.
STATION-2X‘S PINE
3 :
£ seo
) 3
200
109
N . " 4
I [3 ) 3 20
TIME, NSEC
TEST-DCPA PANEL TEST IIX
000 SHOT-24-78-110 :
STATION-2X'S PINE i
< i
£ 4se + ;
g i
o :i
160 F
cATSE 3 ) 13 20
TIME, MSEC

TEST-DCPA PANEL TEST IIX
809 SHOT-24-78-112
[ STATION-2X‘S PINE

AL e

® "y " e —

L] 6 19 6 20
TINE, MSEC

Figure 8. (Cont) Pressure-time loading records for 2x's placed flat
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DISPLACEMENT, O
®

TEST-DCPA PANEL TEST IXX
SHOT-24-70-100
STATION-2X‘S PINE

'

- A — -—
e 3 10 1) 20
TINE, MSEC

TEST-DCPA PANEL TEST IXI
S r SHOT-24-78-106C
STATION-2X’S PINE

TEST-DCPA PANEL TESTY IIX
SHOT-24-70~ 1 086G

. STATION-2X’S PINE
4
3
2
1
° 3 e 13 2e
TINE, MSEC

Figure 9. Displacement-time records for 2x's placed flat
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TEST-DCPA PANEL TEST IXX
SHOT-24-70-1078

Sl | STATION-2X‘S PINE
5
S‘o,n-
‘.A' -
# 5
[«
0. 28
SO - s e 3 20
TIME, MSEC

cH

DISPLACEMENT,
- N N @ o
" L]
{ g { | v

TEST-DCPA PANEL TEST III
SHOT-24-76-110
STATION-2X'S PINE

a 3 10 13 2e
TINE, MSEC
TEST-DCPA PANEL TEST IIX
SHOT-24-78-112
STATION-2X'S PINE
3 e 13 %0
TINE, MSEC

Figure 9. (Cont) Displacement-time records
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TEST-DCPA PANEL TEST IV

SHOT-24~-70~-124
200 STATION-PSSP
<
©ise t
100 +
59
g 3 o 13 20
TIME, MSEC
TEST-DCPA PANEL TEST IV
200 SHOT-24-70-123
STATION-PSSP
<
®ise
100 +
50
S 3 e 13 2e
TIME, MSEC
TEST-DCPA PANEL TEST IV
200 SHOT-24-70-120
STATION-PSSP
<
€150 }
100 }
se
e 3 e 13 20
TINE, MSEC
Figure 10. Pressure-time loading records for PSSP closures

with plywood skins not glued
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DISPLACEMENT,
- ~
"

TEST-OCPA PANEL TEST IV
SHOT-24~-78-124

- STATION-PSSP

r

r

° s T 13 20
TIME, MSEC

TEST-DCPA PANEL TEST IV
SHOT-24~-78-123
STATION-PSSP

TIME, MSEC

TEST-OCPA PANEL TEST IV
- SHOT~24~-78~-120
STATION-PSSP

: ]"

J A

h 3 T i
YINE, MSEC

Figure 11. Displacement-time records 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) back from the loaded test panei. 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 show the center panel amplitude dis-
placement as a fupction of the reflected shock wave load and the
accompanying oscillations. As the load on a test panel was increased,
the average deflection 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 Figure
7 -~ bottom trace. Other records for the remaining shots 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 table groups the results obtained for the tests on the
plywood sheet closures. The panels listed were all made of a single
sheet of plywood. Most were exposed only one time. A letter after
the shot number does mean multiple exposure. Multiple shots were used
during the testing if there was no visible damage to the panel, no
cracking at all. The plywood panels showed slight damage for loads
below the ultimate 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 summarizes the results from the wood beam
closure of 2x's placed flat and the plywood stressed skin panels tested
as closures. Here again the test results were similar to those for ply-
wood sheets in that at first slight damage only occurred, then complete
breakout as the load was increased. The ultimate failure point was
found to be somewhat higher for the PSSP panels when the skins were
glued and nailed than for the unglued skins. The difference was not
very great, approximately, 7 kPa.

The 2x's placed flat showed a smooth linear displacement as
the blast load was increased, then some yield took place, and then
blowout occured. Figure 18 is a plot from the listed table data for
the 2x's used for closures. Breakout occurred at about 31.4 kPa (4.5psi)
for 1.27 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 plywood, and at 124.3 kPa (18.0 psi)
for the 2.54 cm plywood. For the closure made of flat 2x's the break-
out occurred at about 488 kPa (70.8 psi). The PSSP closures blowout

26




Figure 12.

(A) PRE-SHOT 24-78-82

(B) POST-SHOT 24-78-82

Plywood sheet closures - load of 28.7 kPa (4.16 psi)

4
:s 27
F
-
3
F
l




(A) 1.59 ¢cm PLYWOOD

(B) 1.90 em PLYWOOD

Figure 13. Plywood closures showing different plywood grades




(B) POST-SHOT 24-78-111

Figure 14. (losure from 2x's placed flat - load of 589 kPa (85.4 psi) {
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(A) PRE-SHOT 24-78-120

(B) POST-SHOT 24-78-120

Figure 15. PSSP closures with plywood skins
not glued - load of 149 kPa (217 psi)
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(B8) POST-SHOT 24-78-118A

Figure 16. PSSP closures with plywood skins
glued-loads of 163 kPa (23.7 psi)
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(A) PRE-SHOT 24-78-115

(B) POST-SHOT 24-78-115

Figure 17. PSSP closure with plywood skins
glued - load of 187 kPa (27.2 psi)
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2.4 jjf

! NOTE : DISPLACEMENT WAS PLOTTED
“ 20k ONLY FOR 1.2-1.5 ms TIMES

'
o

DISPLACEMENT, cm
o

o
™

0.4

00 1 ] 1 ] 1
0 100 200 300 400 500 600
LOAD, kPa

Figure 18. Displacement load, kPa as a function of load for flat 2x's
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(plywood skins) at about 147 kPa (21.3 psi) for skins nailed only and

154 kPa (22.3 psi) for nailed and glued plywood skins. The glue seemed
to have added some small amount of additional strength. The whole

vanel, including stringers, seems to blow out when the skins were only
nailed. The skins broke out when they were glued and nailed.

The three larger plywood sheet panels vibrated at a freguencv of
about 200 Hz and about 120 for the 1.27 cm panel. The 2x's beam closure

had a frequency of about 450 Hz and the PSSP closures about 375 Hz.

The experimental values of ultimate failure and vibration freq-
uency for the test panels are compared with the handbook calculated
values as given by methods used in Reference 1.

IV. ANALYSIS

’
Prediction methods to determine the blast loads necessary to cause
ultimate panel failure are given for the three types of closures tested.

A. Plywood Sheet Closures

The expected loads needed to cause ultimate failure (break-
through) were predicted by the method proposed by H.L. Murphy (Refer-
ence 1). His method is outlined briefly below.

The weight of the plywood is ignored as a dead load, single
spans are used with uniform loads, and simple supports (free ends)

are assumed. No units are hidden in the constants used in the equations.

For uniform loads based on allowable bending stress:

P, = 8 F, /12, (69
where
Pb = allowable loads - bending moment (kPa),
Fb = allowable bending stress (kPa),
S or Ks = effective section modulus (cm®/cm width), and

L = clear span (cm).

For uniform loads based on allowable rolling shear stress:

Pst = 2 F’ (1b/Q) /¢, (2)
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where

Pst = allowable load-rolling shear stress (kPa),
Fs = allowable rolling shear stress (kPa),
(Ib/Q)= rolling shear constant (cm?/cm width), and

L = clear span (cm).

The useful allowable load P. becomes:

P. = Pb or pst' whichever is smaller (kPa). (3)

For the present test panels Pe =Py
A ductility factor is included to give:

Pdm = 5/6 P.: (3a)
For bending deflection (elastic) under uniform load:

Y, = p. L“/(76.8 1 (1.1E)) (4)

b
where

= bending deflection (elastic)under uniform load (cm),
I = effective moment of inertia (cm“/cm width),

E = modulus of elasticity (kPa), and

i = clear span (cm).

For shear deflection (elastic) under uniform load:

2 2 g2
Y’ P- Cts2¢/(106 E I), (S)

where

Y’ = shear deflection (elastic) under uniform 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 deflection (elastic) either add Y, and
Y, from Equations 4 and 5 or use Equation 4 only with the constant 1.1
d?opped from the equation.
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For the plywood bearing face under uniform load (ends over simple
supports):

L, = 1/ QUE, /P - 1), (6)
where

t_ = required plywood end bearing length at each end of panel
(cm), and

F_, = allowable bearing stress on the piywood face, for load
perpendicular to plane of outer ply actually in bearing
(kPa).

Reference 1 recommended that t_ be at least 3.8 cm; this recommendation
was followed for the plywood pSnels just tested.

Ultimate failure for the panels was calculated by using values
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 multiplied by a factor of four as suggested by
Murphy (Reference 1) to give the expected blast load needed to cause
ultimate 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 Murphy (Reference 1). The assump-
tions are the same as for the plywood closures.

The flexural or bending resistance is calculated from Equation 7:

qy = 0.5 F, (d/2)2/ (3¢), (7
where

Fb.- extreme fiber stress in bending (kPa),

clear span (cm),

=
"

thickness (depth) of beam (cm), and

2]
L

1/8 for simply supported beams.

‘"Plyuood Design Specification,” Ameriocan Plywood Aseoeiatioms, P.O.
Box 2277, Tacoma, Wash. 88401, December 1876.
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The horizontal shear resistance is found from Equation 8:
q * ZFV d/(3¢'(2 - 2d)), (8)
where

FV

horizontal shear stress (kPa),
t = 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 qQy, and q,-
q = least of qQy, and q,- (9)

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

P‘ = 4(1 - 1/(2u))q, (10)
where the design ductility ratio u = 3, and
P, * 4(5/6)q. (11)

The required bearing length at each end is:

Ly = atc'/F (12)
where
i = clear span (cm),

F_ = compression stress perpendicular to grain or bearing
cl
stress (kPa), and

et = 1/2.
le is recommended to be at least 3.81 cm.
The calculated load to cause ultimate failure for the wood beam
closure (2x's placed flat), after multiplying the least allowable

load, q_, by the ductibility ratio and by a factor of 4, is given
in Tabl¥ 1V,




B. Plywood Stressed-Skin Panel Closures

i : The analysis of the plywood stressed-skin panel closures (PSSP)
: again follows closely that given in Reference 1. The panels are assumed

; to be uniformly loaded with the outer plies of the two plywood skins to
i be parallel to the stringers.

: A view of the end section of the PSSP closure to be tested is

j shown in Figure 19. The clear distance between stringers should be

] less than twice the basic spacing, b, as given in Table 5, for these
calculations to apply. See Figure 19A.

T — iy

The neutral axis (N.A.) is calculated by following the steps of
Figure 19A. A value of Elg, the stiffness factor, is calculated for
the combined skins and stringers of the test panel, Figure 19B.

The allowable load in panel deflection is:

2 p.9 il 0.15
Pd = 1/(Cit (m m . T)) +« DL (13)

where
[ Py = allowable total load-panel deflection (kPa),

§ C = factor for maximum allowable deflection - 360 for floors,
240 for roofs,

k Elg from Figure 19 (kPa - cm“),
A = actual total cross section area of all stringers (cm?),
G = modulus of rigidity of stringers (kPa) taken as 0.06 (1.03E),

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

i' = width of panel - for skins in direction perpendicular to i(cm).

The dead weight (DL) is zero for the present test panel since each panel
was loaded as a wall panel, (upright position), not as a floor panel.

P, = 117.6 kPa (17.1 psi) for the PSSP tested - the allowable total load
fgr panel deflection.

The allowable total load - top skin deflection (cross panel), is:

P, = 384 EI/(c(2™)?) + DL, (14)
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NOTE: DIMENSIONS IN CENTIMETRES. 5

2

!

381 ——dd Lo.63s ITT

Values of Al; and E are from Table 111.
. B A”E A“EY
ITEM E, kPa g cm’-hPa Y,cm cm'-kPa
Top Skin 12.4%10%%1.1  38.73%0.277 146.3x10° 4.76 696.5%10%

Stringers 10.34x10%«1 .03 3=14.52 463.9%10% 2.54 1,178x10%
Bottom Skin 12.4%10%x1.1 38.73%0.277 146.3%10° 0.317 46.4»10°

756%10% 1,921=10%
7ot A B 1 e21m08
5 & A_E“ “EEn
Y « 2.54
A. Neutral axis
0.635—-1
3.81

0.635 -

Values of | are from Table 111.

2 2 & 2
‘ll & Alld loAlld E(1 Alld )

ITEM E, kPa I, ca* co’ d,ca o’ com* ca* kPa - cat

Top Skin 13.6%10% 0.0542 10.73 2.22 4.93% 52.90 52.95 720.1+=10%
Stringers 10.65+10% 52.68 43.56 0.0 0.0 0.0 52.68 561.0x10%
Bottom Skin 13.6%10% 0.0542 10.73 2.22 4.93 52.90 52.95 720.1x10%
Ig = 159.0 2,001.2~10%
Elg = 2,001x10% kPa-cm*/panel width

B. Value of Elg

Figure 19. Neutral axis for deflection and E!. for PSSP closure.
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where
Pt = allowable total load - top skin deflection (kPa),

C = factor for maximum allowable deflection - 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
1"/C = midspan deflection (cm).

when DL is zero P = 7.28 kPa (1.06 psi) for the top skin of the panel
tested.

The total allowable load in bending is found from Equation 15:

Py * (8F/ch'1?) (EL, 7Egyin (15)
where

Pb = allowable load in bending (kPa)where EI_ is for bending
about a neutral axis, calculated as in fﬁgure 19 but with
the effective width of bottom skin to be used. For the
present test, panel spacing L' b/2 « stringer width
(the effective width), and therefore

EI = EI‘ as already calculated (kPa - cm“),

F_. or Ft (F_ for top skin and F_ for bottom skin) (kPa).
the vallies §f Fc and Ft are tobe corrected in the following
way:

l'l
if v g < 0.5 use 100\ of Fc and F(.

if ratio » 1.0 to 2 use 67V, and for ratios between 0.5 and }
vary percentage linearly between 100 and 67%.

E = skin under check including percentage increase (kPa),
¢ = distance to center of skin thickness from N.A (cm), and
£ and L' are as before (cm).

The values of P, are 80.0 kPa (11.6 psi) using upper skin and 85.7 kPa
(12.4 psi) using bottom skin of the test panel.
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The allowable total load - rolling shear is:

Pst = (Z(IFst)/(u'Qs))(El‘/!-:sun) (16)

where the statical moment
Q= A d‘ and (17)
d =sc-y', (18)

See Figure 20 for definition and value of y' (Table &) I F‘t (kPa-cm)is
the sum of the glueline widths over each stringer (three in test panel)
multiplied by its applicable allowable rolling shear stress F_ (Table 3
above). 1 and t' (cm) are same as before.P’t = 43.2 kPa (6.3 psi) for
the test panel.

The allowable total load - horizontal shear is:

Pv = (2(T th)/!!'Qv)(El‘/Est), (19)
where
Pv = allowable load - horizontal shear (kPa),
Fv = allowable stress in stringer horizontal shear (kPa),
t = sum of stringer width (cm),

Elg is from Figure 12 above (kPa - cm"),

E,, is for stringer including percentage (3%) increase (kPa),

t and ' as before (¢cm), and

Qv N stringer ’stin (Eskin/Estrxnger)' (20)

The terms of Qv are:
= cross section of all stringers either above or

below N. A. times its centroidal distance from
N.A. (em?),

Qstringers

stin = All for chosen skin times moment arm (cm’), and
E's are as before (with percentage increases) (kPa).

E The value calculated for P is 28.4 kPa (4.13 psi) for the panel tested.
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TABLE GIVES AREA
OF PARALLEL PLIES
OUTSIDE OF CRITICAL PLANE

CRITICAL PLANE FOR
ROLLING SHEAR

NEUTRAL
AXIS OF
PANEL

Figure 20. Rolling shear critical plane and Q’.
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The minimum bearing length at each end is:
l. - P.l/(z Fcl)' (21)
where

L_ = required plywood end bearing length at each end of the
panel (cm),

Lt = clear span (cm),
L' = full panel width (skins) (cm),
P = smallest of calculated allowable loads (kPa), and

F. = allowable bearing stress on plywood face, for load
perpendicular to plane of outer ply actually in bearing
(kPa).

A minimum £  of 3.81 cm at each end was used for the test panels. The
smallest alfowable load calculat