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I
INTRODUCTiON

I Previous container cushioning research reports [1,2 3,4,5], prepared under

I the MICOM container cushioning research effort, have been concerned with 1) the

acquisitioti of an experimental data base for selected bulk cushioning materials

I over a wide range of temperatures, 2) the development of a statisticall y significant

I parabol ic-logrithmic equation for a specific set of conditions, and 3) the develop-

ment of confidence intervals and prediction limits for selected temperature sensitive

I cushioning materials.

I McDaniel 161 developed and val idated the original model for the Minicel

cush ioning material . The results of [5] were not available at the

I time of McDaniels val idation of the Minicel model . Extensive drop test data was

required for the Minicel model validation, in addition to the basic data required

for the model development.

I This research report utilizes the results of previous container cushioning

i research efforts 11 ,2.3 ,4, 5] in the development of a validation procedure for the

various cushioning material models being developed. The following cushioning

materials were considered in this research effort: 1) Minicel - 2 lbs./ft .3,

2) Ethafoam - 2 lbs ./ft .
3
, 3) Ethafoam - 4 lbs./ft .~ , 4) Fblyester Urethane -

4 lbs./ft.3, and 5) Palyether Urethane - 3 lbs ./ft.3.

I This volume is divided into five major sections, one assoc iated with each

material investigated. Each section contains the basic mathematical model appro-

-‘ 
priate for the material under consideration, together with selected examples of

I

II
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the vol idation combinations requiring specific explanation. In the case of Minicel ,

I the entire set of val idation combinations is included. However, for the remaining

I materials, only selected examples are included.
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SECTION I

MINICEL POLYETHYLENE FOAM

(2 Lb ./Ft. 3)

3
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MINICEL MODEL VAL IDATION

The data base for the superimpo sed dynamic cushioning curves original ly

reported upon in 111 was utilized by McDaniel [61 in the development of a generalized

model for the Minicel material . McDaniel then conducted odditional drop tests on

the Minicel material at 1)a 21 inch drop height on 1, 2, and 3 inch thick samples,

and 2) on 4 and 5 inch thick samples at drop heights of 12, 18, 24, and 30 inches .

Utilizing 0 test of means , and a test of variances , McDaniel statistical ly validated

the general 1-~odel within the data base established .

The McDaniel validation method is both costl y and time consuming since

additional drop testing is required . However , it was the only method available

at that t ime to validate the model . Consequently, a search was initiated to develop

a more efficient and effective val idation procedure which, hopefully, would not require

additional drop testing .

It should be recalled that the Minicel model consists of a constant plus 24 terms

of the polynomial of the general form :

1 ‘ 2 1  1 3 ~~2
G = C + ~ hL

~ 
~ I 24k z C..k (.~f l r j

1
)

° 
~=0 k—0 T~ 

/ ~ j= i i=0 ‘ .~ L

where :

C = model constant
0

h = drop height in inches

T = thickness of cushion in inches

- . °F-+-460temperature in

static stress in psi times 100

C.. = model variable coefficient .
ij k ~

4
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The actual model for Minicel is sho~i~ in Tabl e 1. Since the Minicel model was

already validated , it was decided that any new validation procedure should be

I tested on this model .

I 
MICOM Repo rt No. RL -CR-76-3 [51 developed a procedure for determining

confidence intervals and prediction limits on dynamic cushioning curves of the

I form:
2

I 
y
~ 

b0 + b1 ~nx. + b2(Lnx.)

where :

I = predicted deceleration at impact experienced by the

I 
packaged item for a given cushion thickness , density,

drop height , and temperature ,

x. = 100 times the static stress experienced by the cushion from

the face of the packaged item , and

I b0, b1, b2 
= model coefficients .

I since the developed procedure, referenced above, was proven successful

for individual dynamic cushioning curves , it was hypothesized that this procedure

could be modified for the generalized model . The general theory documented in

J 151 remains the same .

Recall that MICOM Report No. RL-CR-75-1 [11 developed a statistical

procedure which resulted in individual dynamic cushioning curves, 35 out of 36

I being statistical ly significant at an alpha level of .05 . Therefore, any generalized

procedure for model validation should be compared with these individual dynamic

cushioning curves. Also , several comparisons were presented in 15] illustrating

I the applicability of the procedure with MIL-HDBK-304A [71 cushioning curves.
5

I 
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TABL E 1

MINICEL MODEL

Variable Coefficient e 2 ~3 h1’2 f1”2 T 3
~

2 )

Li — F~
.j 1,3inU2

X X

~i.0 X X X
X X X

0 .tj  X A X

~ ~~~~~~~~~~~~ X X
LI 3.3.’01ô 7 X X X A

I ~L i u . 4 ’i ~.u X A
~i ~~~~~~~~~~~~ x A X X
3 X A X X

1L 0.11 X X
ii ).L~~JL Pi1 X X X

0 .0 X X X
0. 11  X
u.0 A X X X

I.~ 0 . 0  X X X A

1L 4 b..~t~~~j /  X X X
1/ il.tj ~:1j~~j  A X X

u.0 x x x A
1’.’ — 1.3Li1uJ~ 3 X X
2u 2 . 0 l d ~~j o t -  X X X
2i . — u . 2 i b o’.~ X X
a .-. — 0 .~+ t.. 1~e 1U35 X A

2.I U.b11/31i3b X A X X
2-. — U . 0 ’~bii~~0 A A X >..

X x x
2t... — J .8~,6I . i3l7  X x X X

- i .0 X X X X
2L — 3 .7 i50o  X X
2)  ~~~~~~~~~~ X X X

0 .0  x
ii ‘+ 9 . b ld I 5  A X
3.. ~~~.j 1 3~~t~ A X X

- - j.J ~~) . O L Th,~l / ?  X X X
ii, 0 .0  X X
3~ , .l Le c~U ( S4 7  X X X

1.U/5~~8&i X X x

I
6
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Consequently, it was hypothesized that the generalized model developed

by McDaniel , which provides dynamic cushioning curves fo r individual corn-

- 

I 
binations of drop height, temperature , static stress, and cushion thickness,

together with the prediction limit equation from 151,

A i -T T -1-
y +t  SNl~O (x x) a
-

~~~~where

A 2
y b0 +b 1Lnx+b 2(Lnx)

.
1 

would be combined to provide prediction limits for the Minicel model at selected

static stress levels, drop heights, temperatures, and cushion thickness . The

individual dynamic cushioning curves [IDCCI developed in E l] would be compared

with the developed prediction limits to ascertain whether the general ized model

- was predicting the IDCC in a consistent statistical fashion. In essence, the test

I of the generalized model is to determine if it can provide G-level values wh ich

include the significant static stress level portion of the IDCC and remain within

the prediction limits for the particular conditions under consideration. For the

3 purposes of this validation study, the significant portion of the IDCC are identified

as the minimum IDCC G-level value bounded by + 1.0 psi . This significant portion

may be truncated at the lower or upper static stress level if the bounds fal l outside

3 the standard static stress range of 0.05 to 5.20 psi . For example, from page 10,

it is apparent that the minimum G-level for the IDCC is 34.38 0’s at a static stress

of 1 .2 psi . ilacing + 1 .0 psi bounds on the idenflfied static stress level gives a

I static stress range of .20 psi to 2. 20 psi . This valid range is identified in pages 10

through 45 as a double asterisk (**) to the left of the MODEL column . Over this

1 
7 
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static stress range, it is seen that all model values are contained within the developed .

prediction limits for this case .

Page 12 presents the first variation from the established format of page 10.

For the static stress range of .90 to 4.80 psi, the lower prediction values are

identified as -- . This notation indicates that the true calculated mathematical

value for a particular lower prediction limit value is negative . Since a negative

G value is meaningless for this study, the actual negative values are not shown,

but are assumed to be zero.

Referring to page 16, it is noted that an inconsistency appears to exist .

Immediately to the right of the values in the column entitled MODEL are seen

several asterisk . These asterisk indicate the static stress levels at which the model

values are outside of the IDCC prediction limits . For the IDCC, the minimum

G’s are 39.78 at a static stress of .40 psi . The lower static stress level of .05 psi

is utilized as the lower bound since it is the smallest static stress level on which

— drop test data is available. The upper bound becomes 1 .40 psi . The comparison

between the identified static stress range (indicated with double asterisk) and the

model predicted values outside of the prediction limit (single asterisk), identifies

the only combination of drop height , temperature, and cushion thickness, out of

36 combinations tested, that failed the validation procedure. This is extremely note-

worthy, since the entire bulk cushioning material research effort has been conducted

at a statistical level of a’ = .05. Hence, we would expect, from a statistical view-

point, to find at least one out of 36 tested cases which IS not val idated. From the

positive viewpoint, we find 27 of the 36 tested cases were within the prediction

limits for the entire static stress range (.05 to 5.20 ps i) over which data was available.

8 
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Consequently, it is fel t that the prediction limit approach to cushioning

model validation is in agreement with the approach of McDaniel . Furthermore,

this approach does not require any additional drop testing, but instead, a small

amount of computer time . The developed computer code necessary to utilize this

validation procedure is contained in the Appendix. This procedure will be utilized

I to validate the mathematical bulk cushioning models for the remaining materials

identified earlier in this report .
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M I N I 4 . . 1 - L  12 .0  iN .  0.1- . 1.0 I N .  T H I L K  — 6 5 . 0  TL MPFR A T U R E

STs1IL S1I~ .SS Ij ELELEHATTON (C’)
1~SI 1O4..C LO*f l~—fr W0(JFL t ipP~.R—P
.0’ U~b .72 156.91 193.03 216.52
.10 128.03 98.7u 12P .6’4 157.37

-, 

:- .15 11.42 98.36 129.17
.20 83.55 55.12 ** bfl .19 111.98
.25 F2.2€ 44.26 ** 67.99 100.25
.31) t’4.12 36.55 ** 59.24 91.69
.35 5e~.Ufl 30.85 ** 52.71 85.16
•4 ( J  5 5 . I~~~R c~f .5~ ** 47.69 80.03

•445 ‘49.54 23.18 ** ‘43.76 75.91
.50 46.55 20.5b ** 40.63 72.53
.55 44.12 18.51 ** 38.11 69.7’4
.60 42.15 16.89 ** 36.08 67.141
.65 40.52 15.61 ** 34.43 65.144
.70 39,10 14.61 ** 33.10 63.77
.75 38.00 13.84 ** 32. 02 62.35
.80 37.~~0 13.25 ** 31.15 61.14
.8’, 36.47 12.84 ** 30.46 60.11
.90 35.88 12.52 ** 20.93 59.23

35.41 12.33 ** 29.52 58.49
1.U0 35.04 12.23 ** 29.22 57.86
1.20 34.38 12.52 ** 28.87 56.23
1.40 34.58 i3.5~ ** 29.44 55.63
1.60 35.32 14.91 ** 30.56 55.74
1.80 36.41 16.50 ** 32.05 56.33
2.00 37./4 18.20 ** 33.77 57.28
2.20 39.22 1 .95 ** 35.64 58.49
2.’40 40.81 21.71 37.61 59.90
2.b() 42.46 23.48 39.65 61.45
2.80 44.17 25.214 41.73 63.09
3.00 45.90 27.00 43.82 614.80
3.20 £47.65 28.75 45.93 66.54
3.41) 49.40 iO.5u 48.03 68.30
3.60 51.15 32.214 50.12 70.06
3.80 52.90 33.99 52.2U 71.81
4 .00 5’+ .~~3 35.714 54.27 73.53
‘4.20 5b.3f 37.49 56.31 75.23
4.40 58.07 39.25 58.33 76.89
‘4.60 59.1€ 40.99 60.33 78.53
4.81) €1.~44 ‘+2.74 62.31 80.14
5.00 63.10 44.46 64.26 81.73
5.21) 64.74 ‘46.16 66.19 83.31

I
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MINjc~~L 12.0 iN. u.h. 2.0 IN. THICK —65.0 TLMPFRATURE

STsTI C SlRt.SS (JELELFNATION (0)
P SI 10(..C LO *FN— P W ODEL
.05 181.80 1/ 1.39 162.95 20’4.39
.1() 129.68 113.62 124.56 146.14
.15 101.30 85.3/  96.12 117.141
.20 83.61 67.83 78.50 99.140
.25 71.~~2 5~~.6b 66.29 86.78
.30 6 1.90 ‘+6.65 57.26 77.33
.35 54.83 39.70 50.29 69.96
.4(1 49.00 34.17 44.75 64.01
.45 “~.39 29.67 40.23 59.11
.50 4u.’+7 5•94 36.50 55.00
.55 3/.17 42.84 33.37 51.51
.60 34.34 40.17 30.71 48.50
.65 31.90 17.91 28.44 45.89
.70 29.70 15.9b 46.48 43.61
.75 27.94 14.27 24 .79 41.60
.80 26.31 12.80 23.31 39.82
.8’, 24.68 1l.5~ 22.02 38.23
.90 23.61 10.39 20.89 36.82
.9!’, 22.48 0 .4(j 10.90 35.56

1.00 21.48 l’.53 10.03 34.42
1.21) 18.43 5.95 ** 16.48 30.91
1.41) 16.40 4.38 ** 14.99 28.60
1.60 15.~~P 3.46 ** 14.19 27.1)9
1.80 14.57 2.9~ *$ 13.87 26.16
2.00 14 .23 2.79 ** 1’ .88 25.66
2.20 14.15 2.82 ** 14.13 25.47
2.40 14.27 3.01 ** 14.57 25.53
2.60 14.54 3.32 ** 15,14 25.77
2.80 14.94 3.73 ** 15.81 26.15
3.00 15.43 4.22 ** 16.57 26.63
3.20 15.99 4.76 ** 17.39 27.20
3.40 16,61 5.39 18.25 27.83
3.60 17.28 6.06 1~~.16 28.50
3.80 17.98 6.77 20.09 29.20
4.01) 18,72 7.5~ 21.04 29.92
‘4.20 19.48 8.30 22.01 30.65
4.40 2U.2~ 9.12 22.09 31.39
‘4.60 21.05 9.95 43.07 32.14
4.80 21.~~5 10.80 24.°7 32.90
5.00 22.66 11.66 25.96 33.67
5.21) 23.48 12.52 26.06 34. 445

11
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M I N I L F ~L 14.0 iN .  U.h. 3.0 IN. THICK —65.0 TLMPFHATUHE

I
STsTIC ST1~ .SS LJFCELFI (ATTON (0)

PSI IDLC LO*FH—P frODEL IIPPLR—P
.05 167.68 1443.62 161.15 191.74
.10 115.25 91.57 109.08 138.93
.15 89.42 b6.14 84.84 112.73
.20 7i.~~7 50.32 60.15 96.21
.25 61.97 30.37 58.21 84.57
.30 53.54 31.29 50.06 75.80
.35 46 .98 45.06 43.73 68.90
.40 41.72 40.12 38.66 63.31
.4’, 37.39 16.11 34.51 58.bR
.50 33.78 12.81 31.05 544 .76
.55 30,72 10.014 28.12 51.40
.60 28.10 7.71 25.62 48.49
.65 25.83 5.74 23.46 45.95
.70 23.86 4.02 21.59 43.70
.75 22.13 2.55 10.95 41.71
.80 2U.bl 1.28 18.51 39.94
.85 19.26 .17 17.24 38.34
.90 18.1)6 — — 16.11 36.91
.95 16.90 — — 15.11 35.62

1.00 16.03 — — 14.22 344.45
1.20 13.10 — — 11.51 30.74
1.4(1 11.18 — — ** 9.78 28.18
1.60 9.94 — — ** 8.70 26.141
1.80 9.16 — — ** 8.06 25.24
2.00 8.72 — — ** 7.74 24.50
2.20 8.53 — — ** 7.65 24.09
2.40 8.53 — — ** 7.75 23.95
2.60 8.68 — — ** 7.98 24.00
2.80 8.94 — — ** 8.32 244.21
3.00 9.28 — — ** 8.74 24.54
3.20 9.70 — — ** 0.22 24.96
3.40 1u.LP — — ** 9.76 25.44
3.60 10.70 — — 10.34 25.96
3.80 11.26 — — 10.95 26.52
4.00 11.b~ 

— — 11.59 27.10
4.21) 12.46 — — 12.25 27.69
4.40 13.10 — — 12.93 28.29
4.61) 13./4 — — 13.62 28.89
4.80 1’+.41 — — 14.32 29.50
5.0(1 15.UR .03 15.03 30.12
5.20 15.76 .76 15.74 3u.75

I
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M I N 1 L IL  12.0 A N .  U . h .  1.0 It, . THICK 70.0 TLP~PFNATURE

SIsTIC STf( t.55 L.IECF LFHAIT ON (0)
10CC L0~ Ek—f- ’ WODEL.. (lf~P~.R—P

.05 125.19 107.06 ** 126.62 143.32

.10 82,32 64.48 ** 85.25 100.1.5

.15 63.67 46.12 ** 66.93 81.22

.20 53.32 36.05 CS 56.55 70.59

.25 48.94 29.94 ** 50.00 63.93

.30 42.70 26.06 ** 45.63 59.52

.35 40.03 23.56 ** 42.6 1 56.51

.40 38.20 21.98 ** 40.51 54.44 2

.45 37.01 21.03 ** 30 .04 52 .98

.50 36,28 20.514 ** 38.03 52.02
— .5c 35.90 20.39 ** 37.38 51.441

.60 35,78 20. 50 ** 36.99 51.07

.65 35.87 20.80 ** 36.81 50.94

.70 36.11 ~1.25 ** 36.79 50.97

.75 36.48 21.82 ** 36.90 51.14

.80 3o.9~ 22.49 ** 37.12 51.441

.85 37.50 23.23 ** 37.43 51.78

.90 38.12 24.02 ** 37.80 52.21

.95 38. 70 214 .87 ** 38.24 52.71
1.00 39.50 25.75 ** 38.72 53.26
1.20 42.65 29.50 ** 41.01 55.81
1.40 46 .07 33.41 ** 43.62 58.73
1.60 49.58 37.31 ** ‘46.39 61.84
1.80 53.10 41.15 49.23 65.06
2.00 56.60 444.87 52.07 68.33
2.20 6u.u3 ‘+8.46 54 .~~0 71.60
2.40 63.40 51.94 57.68 744.86
2.60 66.00 55.29 60.42 78.09
2.80 69.90 58.53 63.11 81.26
3.00 73.03 61.67 65.75 84.39
3.20 76.08 614.72 68.32 87.44
3.40 79.06 67.70 70.84 90.42
3.60 81.9€’ 70.59 73.31 93.33
3.80 814.80 73.43 75.72 96.17
‘4 .0 0 87.57 76.20 78.08 08.93
4.20 90.27 78.92 80.38 101.61
‘4.40 92.91 81.59 82.64 104.23
4.60 95.40 84.21 84.85 106.77
‘4.80 98.02 86.77 87.02 109.26
5.00 100.4° 80.28 80 .14 * 111.o9
5.20 102.91 91.7’4 91.22 * 11’4.08
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MINICEL 12.0 iN. 0.1-1. 2.0 IN. THICK 70.0 ThMPFRATURE

STATIC SlkLsS L FCELFHAIION (C,)
PSI 10CC LO~ FH—P frODEL IIPPER—P
.05 97.50 82.79 *5 98.87 112.21
.10 65.82 51.34 5* 65.99 80.30
.15 51.01 36.76 ** 50.62 65.26
.20 42.16 28.13 ** 41.45 56.19
.25 36.25 22.44 *5 35.32 50.07
.30 32.04 18.44 ** 30.96 45.65
.35 28.91 15.51 ** 27.71 42.31
.40 26.52 13.32 *5 25.24 39.72
.45 24.66 11.65 *5 23.32 37.67
.50 23.19 10.38 5* 21.80 36.01
.55 22.02 0.39 ** 20.59 3’4.66
•6n 21.00 8.63 5* 19.62 33.55
.65 20.34 8.06 ** 18.85 32.62
.70 19.74 7.63 ** 18.24 31.86
.75 19.27 7.31 5* 17.75 31.23
.80 18.90 7.10 ** 17.37 30.70
.85 18.61 6.96 ** 17.08 30.26
.90 18.40 6.89 5* 16.86 29.91
.95 18.25 6.88 *5 16.71 29.61
1.00 18.15 6.92 ** 16.61 29.38
1.20 1d.1~ 7.40 5* 16.63 28.90
1.40 18.50 8.244 *5 17.10 28.94
1.60 19.20 9.27 ** 17.84 29.32
1.80 20.16 10.39 ** 18.75 29.92
2.00 21.12 11.55 5* 19.76 30.70
2.2n 22.16 12.73 20.85 31.59
2.40 23.24 13.90 21.98 32.58
2.60 24.34 15.07 23.13 33.62
2.80 25.46 16.22 24 .30 344.70
3.00 26.58 17.36 25.47 35.80
3.20 27.70 18.49 26 .64 35.92
3.40 28.87 19,61 27.81 38.03
3.60 29.93 20.72 28.97 39.14 =
3.80 31.03 21.82 30.11 40.24
4.00 32.12 22.92 31.25 41.32
4.20 33.10 24.01 32.37 42.38
‘4.40 34.26 25.09 33.48 43.’42
4.60 35.30 26.17 34.58 44.44
4.80 36,3L& 27.244 35.66 45.144
5.00 37.36 28.29 36.72 46.43

U 5.20 38.37 29.33 37.77 47.41

I
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MINII..EL 12.0 IN. 0.1-i. 3.0 IN. THICK 70.0 TLMPFRATURE

STATIC sTW~.SS OECELFHATION (0)
PSI 10CC LOSFH—P PODFL UPPER—P
.05 80.86 85.67 82.40 96.06
.10 56.02 ‘+1.07 54.56 70.98
.15 44.06 29.34 41.36 58.78
.20 36.73 22.24 33.37 51.22
.25 31.70 17.43 27.96 45.96
.30 28.01 13.96 24.05 42.06
.35 25.20 11.36 21.10 39.03
.40 22.98 9.35 18.Rj 36.61
.45 21.10 7.76 17.00 34.1,2
.50 19.77 6.50 15.514 32.97
.55 18.52 5.48 14.35 31.56
.60 17.51 4.64 5* 13.38 30.37
.65 16.65 3.97 ** 12.57 29.33
.70 15.92 3.41 *5 11.00 28.44
.75 15.30 2.96 ** 11.35 27.65
.80 1l+.77 2.59 *5 10.9u 26.96
.85 14.32 2.29 ** 10.52 26.35
.90 13.93 2.05 ** 10.21 25.81
.95 13.60 1.80 *5 p.96 25.34
1.00 13.31 1.71 *5 9.76 24.92
1.20 12.54 1.44 5* 0,34 23.65
1.40 12.20 1.49 *5 9.35 22.90
1.60 12.11 1.714 ** 9.62 22.49
1.80 12.21 2.10 ** 10.06 22.33
2.00 12.44 2.51 ** 10.62 22.37
2.20 12.7~ 2.9b *5 11.26 22.54
2.40 13.17 3.443 5* 11.95 22.83
2.60 13.55 3.91 5* 12.68 23.20
2.80 14.01 4.40 13.~43 23.63
3.00 14.50 ‘4.89 14.20 214.10
3.20 15.00 5.40 14.98 24.60
3.40 15.52 5.91 15.77 25.12
3.60 16.04 6.43 16.55 25.65
3.80 16.57 6.98 17.34+ 20.18
4.00 17.11 7.51 18.12 26.71
4.20 17,65 R.Ob 18.00 27 .244

J 

4.40 18.1° 8.62 19.67 27.75
4.60 18.72 9.18 20.44 28.26
4.80 19.26 0.75 21.20 28.77
5.00 19.7° 10.32 21.05 29.27
5.20 20.32 10.88 22.69 29.77

I
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MINIcIL 12.0 iN. U.h. 1.n IN. THICK 160 .0 TEMPFF~AT UNE

STuT IC S1F~t.S5 UECELFHATIOt4 (0)
PSI 10CC LOSFN—P MOUFL I PPPI R—P
.05 90.76 76.74 5* 98.47 104.78
.10 62.94 4Q .13 *5 50 .75 76.75
.15 51.6° 38.08 ** 43.71 65.30
.20 45.95 32.54 ** 35.28 59.36
.25 42.78 29.56 *5 30.43 56.00
.30 41.u3 27.99 *5 27.56 * 54.06
.35 40.17 47.28 ~~* 25.91 * 52.98
.40 39.78 47.10 ** 25.05 * 52.46
.45 39.81 27.30 *5  24.72 * 52.32
.50 40.10 27.76 ** 244.78 * 52 .444
.55 40.58 28.40 ** 25.12 * 52.76
.60 41.10 29.16 5* 25.66 * 53.22
.65 441.91 30.03 ** 26.36 * 53.79
.70 42.70 30.96 ~~* 27.18 * 54.44
.75 43.55 31.95 5* 28.08 * 55.15
.80 44 .44 32.97 ** 29.05 * 55.91
.85 45.36 34.02 *5 30.08 * 56.71
.90 46.31 35.09 ** 31.15 * 57.53
.95 47.27 36.17 5* 32.25 * 58.38
1.00 48.25 37.25 ** 33.38 * 59.24
1.20 52.10 41.59 *5 38.00 * 62.79
1.40 58.10 45.82 *5 42.68 * 66.38
1.60 59.93 49.90 47.31 * 69.96
1.80 63.04 53.79 51.82 * 73.148
2.00 67.22 57.51 56.21 * 76.93
2.20 70.67 61.06 60.46 * 80.29
2.40 74.01 04.45 64.58 83.57
2.60 77.23 07.69 68.57 86.76
2.80 80.33 10.81 72.43 89.85
3.00 83.34 73.82 76.17 92.86
3.20 86.24 76.72 - 70.80 95.77
3.40 69.06 70 .5j 83.32 98.59
3.60 01.70 82.26 - 

- 86.73 101.33
3.80 9&e.44u 84.91 90.06 103.98
‘4.00 97.07 87.50 93.29 106.54
4.20 99.57 90.02 96.43 109.03
4.~40 101.96 92.48 99.50 111.4+5
4.60 104.34 

- - 94.89 102.49 113.79
‘4.80 106.66 97.214 105.41 116.08
5.00 108.92 99.53 108.25 118.31
5.20 111.17 101.76 111.04 120.449

16 
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MINILEL 12.0 IN. 0.1-1. 2.0 IN. THICK 160.0 TLMPrHATUHE

STATIC cT~~.SS OECELFHATIO N (C,)
PSI 10CC LOWEN— P WODFL l ’PPLR—P
.05 69.17 58.88 *5 65.42 79.46
.10 47.o6 37.73 *5 47.94 58.00
.15 38.41 48.24 5* 30.69 48.20
.20 32.62 22.77 *5 34.97 42.47
.25 29.00 10.29 5* 31.68 3ö.71
.30 26.51 16.94+ ** 29.42 36.09
.35 24.74 1~~.29 ** 27.76 34.18
.40 23.44 14.12 ** 26.51 32.76
.45 22.48 13.29 ** 25.55 31.68
.50 21.78 12.70 5* 24 .80 30.85
.55 21.26 12.29 5* 24.22 30.22
.60 20.88 12.03 ** 23.76 29.73
.65 20.b2 11.86 5* 23.41 29.37
.70 20.445 11.81 ** 23.13 29.10
.75 20.36 11.82 *5 22.02 28.90
.80 20.33 11.88 ** 22.77 28.77
.85 20.34 11.99 ** 22.66 28.70
.90 20.40 12.13 ** 22.59 28.67
.95 20.40 12.31 ** 22.55 28.68
1.00 20.61 12.51 ** 22.54 28.72
1.20 21.31 13.5u ** 22.72 29.13
1.40 22.27 14.65 ** 23.11 29.82
1.60 23.27 15.87 ** 23.64 30.68
1.80 244.38 17.11. 5* 24.24 31.65
2.00 25.51 18.35 24.90 32.68
2.20 26.66 19.56 25.58 33.76
2.40 27.81 20.75 26.28 34.87
2,60 28.95 21.02 26.99 35.99
2.80 30.09 23.05 27.70 37.11
3.00 31.10 24.17 28.41 38.22t 3.20 32.20 25.2k 29.11 39.32
3.40 33.36 26.33 29.8 1 40 .40
3.60 34.42 47.38 30 .SQ 4 1.46

L. 3.80 35.46 28.42 31.19 42.50
14.00 36.48 29.45 31.88 43.51

U 4.20 37.48 30.46 32.~~2 44.50
4.40 38.4€. 31.48 37.18 45.446
4.60 39.4? 32.44 37.82 46.4+1
4.80 40.37 33.41 3’~.46 47.33
5.00 41.30 314.37 35.f l8 48.23
5.20 42.21 35.30 35.70 ‘49.12

1.
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MINI CFL 12.0 IN. 0 .h .  3.0 IN. THICK 160.0 TLMPFf~ATUR E

STATIC STHt SS uFCFL~~~ATI0N (C,)
PSI 10CC LOsF1-~—P POOFL UPPER—P

56.09 ‘41.47 51.39 70.71
.lo 40.80 26.40 30.71 55.20
.15 33.51 1Q .32 33.93 47.71
.20 29.00 15.10 30.30 43.08
.25 26.08 12.29 27.7o 39.87
.30 23.90 10.30 25.95 37.50
.35 22.25 8.94 24.37 35.66
.40 20.97 7.74 4* 23.17 34.20
.45 19.94 6.99 ** 22.19 33.00
.50 19.11 6.23 ** 21.36 32.00

18.44 5.72 ** 20.66 31.15
.60 17.88 5.32 4* 2O .0~ 30 .44
.65 17.41 5 .00 5* 10.54 29.82
.70 17.02 ‘4.76 4* 19.08 29.28
.75 16.70 p.58 ** 19.68 28.82
.80 16.4+7 44 .45 *5 19.32 28.41
.85 lo.20 44 .35 5* 19.01 28.05
.90 16.01 (4.29 4* 17.73 27.74
.95 15.86 L4.25 *4  17.48 27.46
1.00 15.73 ~4.24 *5 17.25 27.22
1.20 15.143 .35 4* 16.55 26.51
1.40 15.38 4.63 *5 16.07 2~~.131.60 15.4~7 ~4.98 4* 15.76 25.96
1.80 15.b7 5.37 ** 15.55 25.96
2.00 15.93 5.78 ** 15.41 26.08
2.20 lb.24 6.18 5* 15.34 26.30
2.40 16.58 6.58 ** 15.31 26.58
2.60 16.94 6.97 15.31 26.91
2.80 17.32 7.37 15.35 27.27
3.00 17.71 7.75 15.40 27.66
3.20 18.11 9.15 15.47 28.07
3.40 18.51 9.54 15.55 28.4+7
3.60 18.91 8.94 15.64 28.88
3.80 19.31 9.34 15.75 29.28
4.00 19.72 p.76 15.86 29.68
4.20 20.12 10.17 15.98 30.06
4.40 20.52 10.60 16.10 30.143
4.60 20.91 11.03 16.22 30.80
4.80 21.31 11.46 16.35 31.16
5.00 21.70 11.88 16.49 31.51
5.20 22.08 12.30 16.62 31.87

I
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MINILfIL 1.0 IN. U.h. 1.0 IN. THICK —6 5 .0  TLMPFI~ATUI.~E

STATIC STRESS UECELFHATION (0)
PSj 10CC LO*ER—p ~0OFL UPPER—P
.05 236.23 197.46 4* 245.77 275.00
.10 155.96 117.93 4*  j~~~p , j~~~ 194.08
.15 119.54 62.05 4*  118.814 1~~7.03.20 98.142 bl.514 5* 96.25 135.29
.25 84.77 149.46 *5 81.78 121.01
.30 75.30 39.61 4* 71.93 111.00
.35 68.56 33.42 *4 64.08 103.69
.440 63.62 20.03 *5 59.09 98.21
.4+5 59.97 ~5.o1 4* 56.38 94.03
.50 57.26 23.71 5* 53.78 00.81
.55 55.2€. 22.20 4* 51.04 98.32
.60 53.81 21.22 4*  50.68 86.140
.65 52.70 20.66 *4 44~~.88 84.92
.70 52.12 20.43 ** 49.44 83.81
.75 51.77 20.46 4* 49.30 82.99
.80 51.57 20.71 4* ‘+0 .4Q 82.4+3
.85 51.50 21.12 ** 40.69 82.07
.90 51.78 41.68 4* 50.15 91.88
.95 52.00 22.35 4* 50.74 81.84

1.00 52.52 23.11 4* 51.’i5 81.93
1.20 55.06 26.93 4* 55.10 93.28
1.40 58.47 31.15 4* 59.57 85.70
1.60 62.25 35.69 4* 64.47 98.81
1.80 66.37 4+0.30 4* 60.59 92.36
2.00 70.57 4+4.96 74.79 96.20 =
2.20 74.78 4~~.34 80.00 100.22
2.40 79.04 53.72 85.19 104.36
2.60 93.28 59.01 90.32 108.54
2.80 87.47 62.20 95.37 112.73
3.00 91.60 66.32 100.34 116.88
3.20 95.b7 70.36 10~~.2 1 120.98
3.40 99.tP 74.35 llfl.no 125.01
3.60 103.bl 78.28 114.69 128.94
3.80 107.48 62.17 110.29 132.79
‘4.00 111.27 86.01 123.79 136.53
4.20 115.00 89.91 128.21 140.10
4.40 118. oc 93.55 132.54 143.75
‘4 .60 122.24 97 .244 136.78 147.25
‘4.80 125,77 100.95 1140.94 150.69
5.00 1.29.27 104.37 145.03 154.09

L 

5.20 132.63 107.77 140.04 157.48
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MINILIL 18.0 iN. 0.1-I. 2.0 IN. THICK —65.0 TEMPFRATIJRE

STAT IC STR ESS UFCFLEHATI O N (0) —

PSI 10CC LOWEH—P frOOEL UPPER—P
.05 233.1.1 219.u3 231.03 247.79
.10 155.80 141.48 156.04 170.31

118.80 104.73 110.64 133.05
.20 96.28 82.37 97.39 110.20
.25 80.84 67.17 82.18 94.51
.30 69.59 56.14 71.08 83.01
.35 61.00 ‘47.79 62.63 74 .21
.40 54 .28 ‘+1.29 ** 56.00 67.26
.45 48.80 36.12 4* 50.68 61.66
.50 44.50 31.04 ** 46.34 57.06
.55 40.88 29.52 ** 42.76 53.24
.60 37.87 25.70 ** 3Q .78 50.03 =
.65 35.34 23.37 ** 37.27 47.31
.70 33.21 4 1.42 4* 35.16 44.99
.75 31.40 1 .79 *4 33.37 43.01
.80 29.87 18.43 *4 31.85 41.31
.85 28.59 17.30 *5 30.56 39.85
.90 27.48 16.36 *5 20.46 38.60
.95 26.55 15.58 *4 29.53 37.52
1.00 25.76 1.’4.q’4 *4 27.714 36.59
1.20 23.76 13.45 4* 25.72 34.07
1.40 23.01 13.12 4* 24.044 32.91
1.60 23.07 13.50 *4 24.05 32.64
1.80 23.66 14.34 5* 25.49 32.99
2.00 24.67 15.46 *4 26.40 33.77
2.20 25.bc 16.82 4* 27.56 34.88
2.40 27.25 19.29 4* 28.91 36.21
2.60 28.10 1~~.87 30.39 37.71
2.80 30.42 21.51 31.96 39.33
3.00 32.12 23.21 33.61 41.03
3.20 33.87 24.95 35.30 42.79
3.40 35.t,5 26.73 37.02 44.58
3.60 37.44€. 28.53 38.77 46.39
3.80 39.~~7 30.35 40.53 48.19
‘4.00 41.00 32.19 42.30 49.99
4.20 42.92 34.04 44.07 51.79
4.40 4’+.73 35.90 45.84 53.57
4.60 4o.b~ 37.75 47.60 55.34
4.80 48.35 39.60 49.35 57.10
5.00 5u.lLi 41.42 51.09 58.86
5.20 51.92 43.22 52.92 60.61
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MINI CEL 18.0 iN. U.h. 3.0 IN. THTCK —65.0 TLMPFHATUHE -

STATIC cTRESS IJFCFLEHATION (0)
PSI 10CC LO*Ff~— 1~ MOOFL I’PP ER—P
.05 175.41 142.18 204.33 208.64
.10 123.21 90.56 139.56 155.86
.15 07.49 65.39 106.50 129.56
.20 81.37 ‘+°.93 86.63 112.90

70.10 39.lu 72.86 101.10
.30 61.60 31.2 1 62.67 92.16
.35 55.14 25.17 54.90 85.10
.40 49.87 20.40 49.54 79.35
.45 145.55 16.50 43.45 74.55
.50 ‘41.94 13.41 30 .23 70.47
.55 38.88 10.80 35.68 66.95
.60 36~ 2~ 9.61 37.68 63.89
.65 33.98 6.77 30.11 61.20
.70 32.ufl 5.20 27.99 58.81
.75 3o.2~ 3.Pb 25.Q7 56.68
.80 28.74 2.71 24.29 514.76
.85 27.38 1.72 22.83 53.04
.90 26.17 .86 21.55 51.48
.95 25. 10 .13 20.42 50.07

1.00 244.13 — — 19.43 48.78
1.20 21.17 — — 1 .52 44.65
1.40 19.22 — — 5* 14.81 41.75
1.60 17.9S — — *4 11.98 39.72
1.80 17.15 — — ~~* 13.49 38.3’4
2.00 lo.oP — — 4* 13.47 37.445
2.2o 16.4+7 — — *4 13.74 36.94
2.40 16.444 — — *~~ 14.21 36.73
2.6o lö.5€, — — 4* 14.93 36.73
2.80 16.80 — — 5* 15.57 36.91
3.00 17.17 — — ** 16.141 37.22
3.20 17.52 — — ** 17.31 37.61
3.40 17.99 — — 5* 19.77 38.06
3.60 18.48 — — 19.77 38.56
3.80 19.02 — — 20.30 39.07
4 .00 19.58 — — 21.36 39.60
4.20 20.18 .22 22.43 40.14
4.40 20.70 .91 23.52 40.67
4.60 21.442 1.63 24.62 41.22

~4 .80 22.07 2.36 25.73 41.78
5.00 22.iP 3.09 26.84 42.36
5.20 23.38 3.79 27.05 42.98

I
I
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MINI CEL 18.0 IN. U.Ii . 1.0 IN. THICK 70.0 TEMPFRATUHE

STAT IC STRLSS LIECELEHAT rON ( 0 )
PSI 10CC LO~ EH— P W00~ L u PPER— P
.05 165.87 1’+2.12 4* 145.75 189.61
.10 102.30 79.q5 *4  95.73 125.66
.15 7o.57 53.56 *4  76.20 99.49
.20 63.34 40.74 4* 66.69 85.94
.25 56.u7 33.80 *4 61.81 78.26
.30 51.9~ 30.07 4* 50.43 73.83
.35 49.87 28.29 ** 5 .55 71.37
.40 48.97 27.7b 5* 59.63 70.19
.45 48.98 28.09 5* 50.34 69.87
.50 49.58 20.00 *4  60.49 70,17
.55 50.o2 30.34 ** 61.95 70.91
.60 51.97 31.98 *4 63.63 71.97
.65 53.56 33.944 4* 65.47 73.28
.70 55.32 35.87 5* 67.42 74 .78

57.22 38.02 *4 69 .45 76.441
.80 59.21 440.26 *4  71.53 78.16
.Bc 61.27 42.56 *4 73.66 79.99
.90 63.30 44.00 4* 75.91 81.88
.95 65.55 47.27 ** 77.98 83.83
1.00 67.74 40.97 4* 80.15 85.81
1.20 ~~~~~ b°.25 5* 88.91 93.94
1.40 85.442 bP.94 4* 97.26 102.19
1.60 94.04 77.71 105.41 110.37
1.80 102.40 86.39 113.2€, 118.41
2.00 110.40 94.70 120.78 126.28
2.20 118.29 102.64 129.01 133.94
2.40 125.82 110.25 134.06 141.39
2.60 133.00 117.55 141.64 148.62
2.80 140.11 124.57 148.07 155.64
3.00 146.90 131.35 154.28 162.44
3.20 153.’+7 137.91 160.27 169.03
3.40 159.84 144.26 166.06 175.41
3.60 160.01 150.44 171.67 181.59

- 
- 3.80 172.ul 156.45 177.11 187.57

— 4.00 177.84 162.30 182.39 193.37
4.20 183,50 108.01 187.52 199.00
4.40 189.02 173.58 192.50 204.46
4.60 194.40 179.02 197.35 209.78
‘4.80 199.014 184.31 202.08 214.96
5.00 4044.75 189.147 206.69 220.04
5.20 409.75 194.47 211.18 225.02
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MINIC~.L 18.0 IN. 0.h. 2.0 IN. THICK 70.0 TEMPrRATURE

STATIC STRESS L.IELELEHATION (0)
PS i 10CC LOWEH—P MODEL UPPER—P
.05 120.42 94.60 4* 121.07 146.18
.10 77.37 52.06 ** 79.46 102.~~7.15 58.25 33.39 *4 59.17 93.11
.20 47.30 22.07 ** 48.24 71.82
.25 40.57 1.6.52 *4 41.34 64 .53
.30 35.92 12.33 4* 36.73 59.51
.35 32.73 0.54 4* 33.54 55.92

= .40 30.40 7.69 ** 31.31 53.30
.45 28.92 6.49 4* 29.76 51.35
.50 27.83 5.77 ** 28.69 49.89
.55 27.11 5.40 4* 27.09 48.81
.6o 26.66 5.30 4* 27.57 48.02

• .65 26.414 5.41 4* 27.37 47.147
.70 26.39 5.68 5* 27.34 47.09
.7~ 26.47 6.07 4* 27.45 46.86
.80 26.66 6.57 ** 27.67 46.76
.85 26.95 7.14 4* 27.08 46.76
.90 27.31 7.78 ** 29.37 46.84
.95 27.77 8.47 *5 28.82 47.00

1.00 28.21 0.20 *4 20 .33 4 7.22
1.20 30.49 12.38 4* 31.70 48.58
1.40 33.11 15.75 5* 34.42 50.47
1.60 35.90 10.13 ** 37.32 52.68
1.80 38.77 22.44 4fl.~~7 55.11
2.00 41.06 25.65 43.25 57.67
2.20 44.53 28.74 46.20 60.32
2.40 47.37 31.72 40.12 63.03
2.60 50.16 34.58 51.98 65.714
2.80 52.90 37.35 54.80 68.45
3.00 55.50 40 .04 57.55 71.14
3.20 58.22 42.66 60.25 73.77
3.40 60.7° 45.2 3 62.99 76.36
3.60 63.31 47.74 65.47 78.88
3.80 65.77 50.21 67.°9 81.33
4.00 68.18 52.65 70.46 93.72
4.20 70.514 55.05 72.87 86.04
4.40 72.85 57.41 75.24 98.30
4.60 75.12 50.73 77.55 90.50
4.80 77.33 62.00 79 .92 92.66
5.00 79.50 64.22 82.04 044.79
5.20 81.67 66.36 84.72 96.90
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MINICIL 18.0 [N. 0.1-i. 3.0 IN. THICK 70.0 TEMPERATURE

STATI C STRESS OFCFLERATION (0)
PSI 10CC LO~ FH—P MODEL UPPER—P
.05 07.21 70.444 4* 103.86 114.98
.10 63.50 46 .04 *5 66.12 80.96
.15 47.9’ 30.78 *4 48.88 65.09
.20 38.7~ 1.89 5* 39.81 55.60
.25 32.68 16.12 5* 32.244 49.24
.30 28.41 12.14 *5 27.67 444.69
.35 25.2° p.29 5* 214.38 41.29
.40 22.94 7.21 *5 21.04 38.67
.45 21.14 5.67 ** 20.10 36.61
.50 19.76 4.54 4* 18.72 34.97
.55 18.68 3.71 *5 17.68 33.65
.60 17.814 3.11 4* 16.00 32.57
.65 17.~~fl 2.70 5* 16.32 31.70
.70 10.71 2.43 5* 15.92 30.99
.75 16.314 2.28 4* 15.65 30 .441
.80 16.09 2.23 ** 15.49 29.94
.85 15.91 2.25 4* 15.42 29.57
.90 15.81 2.3’+ *5 15.43 29.28
.95 15.77 2.49 5* 15.50 29.05

1.00 15.78 2.68 *5 15.63 28.89
1.20 16.22 3.75 *5 16.55 28.70
1.40 17.08 5.12 *5 17.99 29.04
1.60 18.18 6.62 *5 1°.47 29.74
1.80 19.’43 8.17 *5 21.18 30.68
2.00 20.76 0.73 22.07 31.79
2.20 22.114 11.26 24.79 33.03
2.40 23.5€ 12.77 26.63 34.35
2.60 24.98 114.24 29.46 35.72
2.80 26.40 15.68 30.29 37.13
3.00 77.82 17.10 32.09 38.54
3.20 29.27 18.50 33.87 39.96
3.40 30.62 10 .98 35.63 41.36
3.60 31.90 21.25 37.3e 42.74
3.80 33.35 22.61 30.0€, 44.09
4.00 344 ,00 23.96 40.73 45.41
4.20 3b.U1 25.31 42.38 4€,.70
4.40 37.30 46.64 43 , 09 47.96
4.60 38.59 27.96 45.58 49.20
4.80 39.84 20.26 47.14 50.441
5.00 41.08 30.54 4R.67 51.bl
5.20 42.2° 31.78 50.18 52.81

I
I
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• M INILEL 18.0 tN. j,)i. 1.0 IN. IHICK 160,0 TEMPERATURE

STATIC STRL.SS DECELER ATION (0)

I 
PSI 10CC L0~ FH—P MODFL UPPER—P
.05 107,30 17.lb 4* 109.77 137.62
.10 7j.39 43.65 4* 73.21 103.11
.15 61.06 32.41 ** 61.40 90.90
.20 57.00 28.23 ** 57.04 85.77
.2~ 55.47 ~7.16 *5 55.97 93.79
.30 55.59 27. 72 ** 56.58 83.45

1 .35 56.t2 29.19 4* 59.14 94.06
.40 58.23 31.22 *4  bO.27 85.25

1 .45 60.1° 33.59 *5 62.74 86.80

( 
.50 62.38 36.17 4* 65.43  98.60
.55 64.71 38.87 4* 69.25 90.54
.60 67.12 4+3.65 ** 71.15 92.59

1 .65 69.50 414.48 5* 74 ,08 944 .71
a .70 72.00 47.31 4* 77.02 9€,.87

.75 74.5° 50.14 4* 70.9€, 99.014

.80 77.00 52.05 4* 82.89 101.23

.85 79.59 55.74 *4  85.79 103.42

.90 82.05 58.49 *4 89.66 105.60
- ; .95 844.4+9 61.21 *4 91.49 107.77

1 

1.00 86.91 63.99 4* 914.29 109.93
1.20 96.20 714.19 5* 105 .11 118.39
1.40 105.17 83.90 11c .2~ 126.54
1.60 113.57 92.76 124.90 134.38
1.80 1.21.52 101.12 133.96 141.91
2.00 129.06 109.95 142.55 149.17
2.20 136,23 116.30 150.70 155.17

1 
2.40 143.07 123.24 158.46 162.91
2.60 1449.01 120,92 165.87 169.40
2.80 155.87 136.09 172.96 175.66

1 3.00 161.60 142.08 170.76 181.69
1 3.20 167.67 147.84 186.30 197. 449

3.40 173.24 153.39 192.59 193.08

J 3.60 178.61 158.76 199.66 * 198.46
3.80 183.80 1b3.97 204.52 * 203.64
4.00 188,83 169.03 210.19 * 208.63
4.20 103.70 173.o5 215.68 * 213.45

j  4.40 198,43 179.75 221.01 * 219.11
4.60 203,02 183.41. 226.18 $ 222.62
‘4 .80 20 7.49 187.95 231.21 * 227.01

I 5.00 211.82 192.34 236.09 * 231.30
5.20 216,05 196,60 240.85 * 235.51

I

1

i 
25



— — -- - -~~~•—-- ~~~~~~~~~-- --~~~~~~ -—-- - - -

MINICEL 18.0 IN. U.h. 2.0 IN. IHICK 160.0 TEMPERATURE

STATIC cTRL.SS LJECFLFR ATTON (C~)
PSI 10CC LOWER—P MODEL tIPPER—P
.U~ 76.31 63.50 ** 77.9€, 93.06
.10 54 .06 39 .57 *5 54.41 68.55

43.97 20.73 5* 44.71 58.20
.20 38.67 24.64 4* 30 .65 52.b2
.25 35.54 21.79 *4 36.77 49.29
.30 33.o~ 20.18 *5 35.09 47.21
.35 32.b1 19.32 5* 34.14 45.89
.40 32.u2 18.96 5* 33.68 45.08
.45 31.77 18.93 ** 33.53 44.62
.50 31.77 19.13 ** 33.62 44 .40
.55 31.94 10.50 ~~* 33.98 44.37
.60 32.~~4 40.00 4* 34 .25 44 .47
.65 32.64 20.59 •$ 34.72 444.68
.7o 33.11 21.25 4* 35.26 44.97
.75 33.64 21.96 4* 35.85 45.33
.80 344.22 22.71 ** 36.49 45.73
.85 34.81 23.49 ** 37.15 4 .18
.90 35.147 24.29 4* 37.94 46.66
.95 36.17 25.10 *4  39.54 ‘47.17

1.00 36 .81 25.92 4* 39.26 147.70
1.20 39.60 49.23 *4 42 .20 49.96
1.40 42.43 32.49 ** 45.16 52.37
1.6n 45.214 35.644 49.08 54.85
1.80 47.90 39.64 50.02 57.34
2.00 50.66 41.50 53.68 59.83
2.20 53.26 44.22 56.35 62.30
2.40 55,77 46.81 59.94 64.74
2.60 58,21 40.29 61.43 67~ 13
2.80 60.57 51.66 63.95 69.48
3.00 62.86 53.95 66.19 71.76
3.20 65.08 56.10 69.46 73.99
3.40 67.23 58.31 70.66 78.15
3.60 69.3? 60.40 72.90 78.25
3.80 71.36 62.414 74.97 80.29
‘4.00 73,34 04 .43 76 .99 82.25
44.20 75.27 66.38 78.96 84.15
4.40 77.15 08.29 80.77 86.00
4 .60 78,98 70.16 82 .63 87.80
‘4.80 80.77 71.98 84.45 89.55
5.00 82.51 73.76 86.23 01.27
5.20 94.22 75.48 87.97 92.96

I
1
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MINILEL lo.O IN. U.h. 3,1) IN. 1HICK 160.0 TEMPERATURE

STATIC STRESS DECELER ATION (0)
PSI 10CC LOWER—p MODEL l~PPER—P.uc 62.38 54.90 4* 63.06 69.89
.10 44.49 37.09 ** 44.27 51.87
.15 36.4+’ 20.10 *5  35,99 43.70
.20 31.81 24.60 *4  31.32 38.96
.25 28,84 21.80 ** 29.39 35.89
.30 2b.o’ 10.99 *4  26 .44 33.76
.35 25 .40 19.58 *4  25.11 32.22
.41) 24.39 17.€b *5 24 . 3 9  31.10
.45 23.o’ 17.01 ** 23.56 30.25
.50 23.10 1.6.57 *4 27.114 29.62
.55 22.72 16.28 ** 22.97 29.15
.60 22.4~ 16.11 *4 22.73 28.79
.65 22.20 16.03 ** 22.67 28.54
.70 22.10 16.02 ** 22.69 28.36
.75 22.16 16.07 5* 22.77 28.25
.80 22.19 16.lo 5* 22.00 28.19
.85 22.~~3 16.29 *5 23.06 28.17
.90 22.32 16.45 5* 23.26 28.19
.95 22.44 16.64 5* 2~~.48 28.2(4

1.00 22.59 16.94 5* 23.72 28.3?
1.20 23.32 17.80 5* 24 .84 28.83
1.40 24.22 18.88 *4 26.11 29.55
1.60 25.21 20.01 *5 27.44 30.41
1.80 26.25 21.15 29.79 31.314
2.00 27,30 22.77 30.14 32.33
2.20 28.36 23.37 31.48 33.35
2.40 29.41 24.45 32.79 314.37
2.60 30.45 45.50 34.09 35.41
2.80 31.49 26.53 35.35 36 .43
3.00 32.40 27 .53 36.59 37.444
3.20 33.49 29.52 37.81 38.44
3.40 34.45 29.49 39.99 39.42
3.60 35,40 30.44 40.15 ‘40.37
3.80 36.34 31.38 41.28 41.30
4.00 37.2~ 32.30 42.39 * 42.20
4.20 38.1~ 33.21 43.47 * 43.09
14~~14fl 39.07 34.11 44.53 $ (#3.95
‘4.60 39.80 ic .00 445.56 * 44.79
4.80 440.74 35.86 46.58 * 45.62
5.00 ‘41.57 36.71 47.57 * 46.143
5.20 42.3° 37.53 49.54 * 47.24
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MIN1LEL 24.0 A N. O.R. 1.0 IN. THICK —65.0 TEMPFRAT (JRE

ST MT IC STRESS DECEL ERAT ION (0)
PSI 10CC LOW FH—P MODEL tIppER—P
.05 2~ 9.u7 235.62 4* 290.24 362.44
.10 187.92 125.91 5* 183.09 250.03
.15 1.39.04 78.19 4* 136.11 199.88
.20 1.11.57 51.95 *4  109.90 171.18

94.39 35,07 ** 93.41 152.79
.30 83.01 25.76 4* 82.62 140.26
.35 75.27 19.10 ** 75.33 131.39
.40 69.96 14.05 4* 70.36 1244.97
.45 66 .34 12.40 *4 67. 03 120.29
.50 63,96 11.04 5* 64.87 116.88
.55 62.40 10.57 5* 63.59 114.41
.60 61.7’ 10.77 5* 62. 09 112.69
.65 61.51 11.48 *5 62.90 111.54
.70 61.72 12.59 *5 63.23 110.85
.75 62,27 14.00 *5 b3.87 110.55
.80 63.10 15.65 4* 64.78 110.55
.85 614.15 17.50 *5 6~~.91 110.81
.90 65.30 1Q .49 *4 67.20 111.29
.95 66./P 21.60 4* 69 .64 + 111.95

1.00 68.2° 23.90 5* 70.19 112.78
1.2n 75.20 33.13 4* 77.21 117.27
1.40 82.92 442.75 ** 84.98 123.08
1.60 90.90 52.27 5* 93.06 129.72
1.80 99.19 61.48 101.23 136.88
2.00 107.3€ 70.34 109.17 144.39
2.20 115.45 79.93 117.40 152.08
2.40 123.41 86.99 125.30 159.84
2.6n 131.22 94.96 133.03 167.58
2.80 138.86 102.48 1140.59 1~ E,.24
3.00 1~’~~.37 

100.91 147.08 192.75
3.20 153.63 1i7.lo 155.20 190.10
3.40 160.76 124.28 162.24 197.24
3.60 167.77 131.28 16Q .12 204.17
3.80 174,54 139.17 175.84 210.90
(3.01) 181.1° 144. 94 182.40 217.44
4.20 187.69 151.59 189.92 223.80
4.40 194.06 158.08 195.fly 230.03
4.60 200.29 164.39 201.23 236.18
4.80 208.39 170.u6 207.24 242.30
5.00 212,35 1/6 .23 213.12 2148.447
5.20 ~1d,dfl 181.65 219.88 254.75
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MINILIL 24.0 AN. O.h. 2.n TN. TH ICK —6 5.0 TEMPFRATURE

ST uT IC c1R~ SS UFCFLFHAT ION (0)
PSI 10CC LOW FN— P MODEL UPPER—P
.05 262.04 203.14 273.23 320.94
.10 174.82 116.ou 182.57 232.74
.15 133.46 76.49 130.47 190.43
.20 1.08.44 52.41 ** 113.32 164.48
.25 91.51 36.38 ** 95.~~8 146.b4
.30 79.2n 25.03 5* 82.74 133.53
.35 70.0~ 16.67 4* 73.03 123.45
.40 62.91 10.35 5* 65.48 115.47
.45 57.2~ 5.49 *5 50 .48 109.00
.50 52.o° 1.72 4* 54.63 103.66
.55 48.99 — — 4* 50.68 99.20
.60 45.94 — — ** 47.42 95.42
.65 43.47 — — 4* 44.72 92.21
.70 41.36 — — 4* 42.47 89.45
.75 39.64 — — 5* 440.60 87.08
.80 38.2 2 — — *4 30 .044 85.03
.8c 37.06 — — ** 37.75 83.25
.90 3b.1fl — — *$ 36 .68 91.71
,95 35.33 — — 4* 35.90 #0 .38
1.00 34.71 — — *5 35.09 79.23
1.20 33.45 — — *4  33.51 76.06
1.40 33.50 — — *4 33.32 74.56
1.60 34 .39 — — 4* 34.02 74.23
1.80 35.80 — — 4* 35.29 74.73
2.00 37.59 — — ** 36. 05 75.84
2.20 39.60 1.79 4* 38.89 77.442 —

2.40 41.80 4.26 ‘41.00 79.33
2.60 44.10 6.73 43.25 81.48
2.80 46.40 9.18 45.58 83.79
3.00 48 .92 11.63 47, 07 8 .21
3.20 51.38 14 .08 5fl .40 88.68
3.40 53.86 16.55 52.85 91.17
3.60 56,34 19.04 55.31 93.55
3.80 58.82 21.54 57.77 96.10
4.00 61,20 24.07 60.23 98.50
4.20 63.74 26.62 62.67 100.86
4.40 66.19 20.18 65.10 103.18
4.60 68.60 31.73 67.51 105.46
4.80 70.9° 34.25 69.91 107.72
5.00 73,36 36.73 72.27 109.99
5.20 75.70 3°.12 74.62 112.29
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MINICEL 24.0 IN. U.h. 3.0 IN. IHICK —65.0 TEMPERATURE

STATIC c1RES~ DECELERATION (0)
PSI 10CC LO~ EH—P MODEL tIPPER—P
.05 253.30 219.11 240.73 297.50
.10 169.8° 136.20 162,66 203.53
.15 129.54 96.45 124.77 162.62
.20 104.69 72.13 101.37 137.23
.25 87.56 55.53 85.21 119.58
.30 7’4.97 43.45 73.30 106.’49
.35 65.30 34.28 64.14 96.33
.40 57.66 27.11 56.87 88.21
.45 51.48 21.40 sn.oe 81.57
.50 46.40 16.70 46.12 76.03
.55 42.16 12.90 42.06 71.36
.60 38.50 °.82 4* 38.63 67.37
.65 35.57 7.20 ** 35.71 63.94
.70 32.98 5.00 *4 37 .20 60.96

30.7€ 3.16 *4 31.04 58.36
.80 28.84 1.61 4* 20.37 56.08
.85 27.1° .30 ** 27.54 54 .07
.90 25.75 — — 4* 26.13 52.30
.95 24.51 — — ** 24. 00 50.74
1.00 23.44 — — *5 23.82 49.36
1.20 20.42 — — ** 20.74 45.24
1.40 18.85 — — ** 19.05 442.7 9
1.60 18.22 — — 4* 18.25 41.45
1.80 18.22 — 5* 18.07 40.92
2.O a 18.67 — — ** 18.31 40.99
2.20 19.44 — — 4* 18.87 41.49
2.40 20.44 — — *5 19.65 42.32
2.60 21.62 — — ** 20.61 43.440
2.80 22.92 1.18 21.69 44.66
3.00 24.32 2.59 22.97 46.05
3.20 25.80 ‘4.07 24.13 - 47.52
3.40 27.32 5.59 25.44 49.05
3.60 28.80 7.17 26.90 50.62
3.80 30.40 8.79 29.18 52.19
4.00 32. 11 10.44 29.59 53.77
4.20 33.14 12.13 31.fl2 55.35
‘4. 40 35.38 13.94 32.46 56.91
4 .60 37.02 15.Se 33.90 58.48
‘4.80 38.66 17.28 35.35 60.05
5.00 40.30 1R.qb 36.90 61.63
5.20 41.94 20.63 39.24 63.24
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MjNI~,LL 24.0 IN. D.h. 1.0 IN. EP~ICK 70.0 TEMPERATURE

STuTIC STRESS DECELERATION (0)
PST 10CC LOwEt~—p MODEL UPPER—P
.oc 164.53 148.00 *4  161.97 200.17
.10 105.97 71.08 4* 104.57 140.86
.15 94.12 40.95 4* 8L .02 118.29
.20 74.19 40.71 4* 75.24 107.64
.25 69.64 36.86 *4 71.76 102.42
.30 67.90 35.88 ** 71.06 100.10
.35 68.04 36.58 5* 71.99 99.51
.40 69.16 39.32 *4 71.9U 99.99
.45 70.97 40.74 *4  76.46 101.19
.50 73.24 43.60 4* 70.43 102.88
.55 75.87 446.76 *4 82.67 104.90
.60 78.67 50.12 *5 86.09 107.15
.65 81.59 53.60 4* 80 .63 109.57
.70 84.64 57.16 *4 93.24 112.12
.75 87.76 00.77 4* 9€ ,.99 114.74
.80 90.91 64.40 *4 100.55 117.43
.85 94 .00 69.02 4* 104.21 120.15
.90 97.27 /1.64 4* 107.86 122.90
.95 100.45 75.22 ** 111.48 125.67

1.00 103.61 79.78 4* 115.08 128.44
1.2~ 116,05 92.59 4* 120.11 139.51
1.4n 128.01 105.62 142.47 150.39
1.60 139.44 117.95 155.17 161.02
1.8ri lSu.ju 120.32 167.24 171.37
2 .O o 160.75 140.09 179.71 181.142
2.2o 17u.71 150.24 180.65 191.17
2.40 190,23 150 .85 200.lu 200.61
2.6o 199.37 168.99 210.lo ~ 209.74
2.80 198.15 177.73 219.69 * 218.56
3.00 406.50 186.13 229.01 * 227.06
3.21) 214.7’ 19~~.22 237.78 * 235.24
3.40 222.50 202.06 246.34 * 243.13
3.60 430.10 200.66 254.60 * 250.72
3.80 ~37.54 217.o5 262.59 * 258.04
4.00 244,67 244.p4 270.33 * 265.10
4.20 251.5° 231.24 277.94 * 271.93
‘4.40 258,30 239.05 285.12 * 278.56
4.60 264.87 244.64 292.20 $ 295.03
4. 80 271.10 251.01 29°.08 * 291.37
5.00 277,39 257.13 305.78 * 297.64
5.20 283.42 262.96 312.31 * 303.88
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MINILIL 24.0 IN. 0.h. 2.0 IN. T~~ C~< 70.0 TEMPE RAT URE

STATIC STRESS DECELER ATION ((~)
PSI 10CC LOe Fk—I- MODEL UPPER—P
.05 140.40 116.19 •* 14 1.44 164.79
.11) 87.42 63.32 4* 89. 07 111.13
.15 64.40 4+0.98 ** 66. 38 87.91
.20 51.97 28.90 *. 51.07 75.07
.25 44,40 21.63 ** 46.42 67.16
.30 39.62 17.21 ** 41.59 62 .03
.35 36.55 14.50 *4 39.45 58.61
.40 34.62 12.90 4* 36 .43 56.33
.45 33.46 12.07 ** 35.19 54.85
.50 32.87 11.80 *4  34 .50 53.94
.55 32.60 11.03 ** 34.23 53.45
.60 32.82 12.36 *~~ 34.27 53.28
.65 33.1° 13.02 5* 34,5 5 53.37
.70 33.75 13.96 *4  35.01 53.65
.75 34.46 14.83 ** 35.62 54.08
.80 35.29 15 .ql ** 36 .35 54.64
.85 36.10 17.0 7 *4 37.18 55.31
.90 37. 19 18.30 *5 39.08 56.06
.95 38.42 10 .57 5* 39.04 56.87

1.00 39.31 20.98 4* 40.1)4 57.75
1.20 44.00 26.35 4* 44 .40 61.65
1.40 48.97 31.91 *4 49 .03 65.94
1.60 53.91 37.40 53.74 70.42
1.80 58.87 42 .74 58.43 75.00 -

2.00 63.74 ‘+7.69 61.05 79.59
2.20 68.50 52.84 67.58 84.16
2.40 73.1~ 57.61 72.00 88.69
2.60 77.67 02.21 76.31 93.14
2.80 92.09 66.644 80.51 97.51
3.00 86.36 70.94 84.60 101.78
3.20 90.57 75.10 89.58 105.95
3.40 94.59 79.10 92.46 110.01
3.60 98.54 83.11 96.24 113.96
3.80 102.30 86.07 90.02 117.80
4.00 10~ .14 90.75 103.51 121.53
4.20 109.80 94.44 107.02 125.16
4.40 113.37 9R .~~b 110,44 128.69
4.60 116.87 101.60 113.79 132.13
4.80 120.29 105.00 117.06 135.49
5.00 .L23.bl 108.44 120.25 138.79
5.20 126.89 111.72 123.38 142.04

I
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MINILEL 244.0 AN.  U.h. 3.fl IN. IHICK 70.0 T EMPERAT URE

STR1IC SlRt.SS LFCELF HMT ION (0 )
PSI 10CC LO*FR—H MODEL UPPER—P
.05 121.47 103.24 4* 121.05 151.70
.10 90.11 56.29 4* 75.97 103.93
.16 58.6’ 35.20 *4 55.22 92.05
.20 46.17 23.13 *5 4 .41 69.21
.25 38.11 15.444 ** 35.95 60.77
.30 32.56 1fl.~~5 ~~ 30.73 54.85
.35 28.58 6.63 *4  27.14 50.52
.40 25.o7 4 .07  ** 24.67 47.27
.45 23.52 2.26 *4 22.72 44.78
.50 2 1.93 .99 ** 21.40 ‘42.86
.55 20.76 .13 ** 20.48 41.36
.60 19.90 — — ** 10.87 40.22
.65 19.31 — — ** 1°.49 39.33
.70 18.92 — — 5*  1° .30 38.66
.75 18.60 — — ** 19.27 38.16
.80 i8.60 — — *~~ i9.3~ 37.80
.85 14,62 — — ** 19.55 37.57
.90 14.73 .02 4* 19.92 37,44
.95 18.92 .4~4 4* 20.17 37.40

1.00 19.19 .94 4* 20.58 37 .443
1.20 20.60 3.22 4* 22.62 38.15
1.40 22.6° 5.96 *4 25.09 39.51
1.6C 24.96 8.64 *4 27.77 41.28
1.80 27.37 11.43 4* 30.55 43.31
2.00 29.86 14.19 33.37 45.53
2.20 32.3P 1 .00 36.20 47.86
2.40 34,90 10.53 39.00 50.27
2.60 37.41 22.10 41.77 52.72
2.80 39.80 24.6 1 44.50 55.17
3.00 42.34 27.08 47.17
3.20 44.76 20.46 49.80 €0.03
3.40 47.12 31.92 52.38 62.41
3.60 49.44 34.15 54 .00 64 .74
3.60 51.77 36.45 57.37 67.01
4.00 53.97 iR.7~ 50.79 69.23
4 .20 56.19 44 0.96 62.17 71.40
4.40 58.34 43.17 64.49 73.51
‘4.60 6u.46 45.35 86.77 75.57
4.80 62 .5c 44 7 .50 60.01 77.60
5.00 64 .5° 4°.S9 71.20 79.60
5.20 66.61 51.63 73.35 91.59
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MINILEL 24.0 AN. U.h. 1.0 IN. T HICK 160.0 TEMPERATURE

STMTIC STRESS DECELERATION (0)
PST IflLC LOW ER— P W O L)FL UPPER—P
.05 114.19 11.03 5* 117.46 156.43
.10 90.77 30.33 ** 84 .5~ 122.22
.15 71.91 31.25 4* 76.32 112.56
.20 70.30 30.50 4* 75.39 110.28
.25 71.95 32.80 ** 77.49 111.u9
.30 74.90 36.56 5* 81.04 113.42
.35 7 .80 41.07 *5 85.31 116.53
.4+0 83.03 45.9/ 4* 89.06 120.08
.45 87.46 51.05 4* 94.80 123.87
.50 9i.~~0 56.21 ** 99.70 127.77
.55 96.55 61.37 4*  104.61 131.72
.60 101.00 66.49 5* 109.49 135.68
.65 105.59 /1 .55 *4 114.30 139.62
.70 11u.02 76.52 *4  119.04 143.52
.75 114.30 81.40 *4 123.70 147.38
.80 118.69 86.18 ** 129.27 151.18
.85 122.8° 90 .9b 4* 132,75 154.92
.90 127.03 95 .44 *4  137.14 158.61
.95 131.09 90.01 ** 14 1.44 + 162.25

1.00 135.05 104.29 *5 145.65 165.82
1.20 150.21 120.93 *4  161.68 179.59
1.40 164.26 135.04 176.51 192.58
1.60 177.35 149.91 190.31 204.89
1.80 189.61 162.59 203.21 216.62
2.00 201.14 174.45 215.33 227.83
2.20 212.02 185 .51 226.77 238.54
2.40 222.314 195.89 237.60 248.80
2.60 232.16 205.70 247.90 258.62
2.80 241.51 215.01 257.71 268.02
3.00 260.46 223.Q1 267.09 277.02
3.20 259.04 232.45 276.08 285.63
3.40 267.29 240.68 284.71 293.88
3.60 475.21 249.63 293.02 301.79
3.80 482.86 256.33 301.02 309.38
4.00 ~90,24 263.90 30R.7~ 316.68
‘4.20 207.39 271.04 316.21 323.71
‘4.4 0 304.20 278 .05 327 .4 5 330.53
4.60 310.9° 264.82 330.48 337.16
4.80 317.50 291.33 337.26 343.67
5.00 323.42 297.55 343.87 350.09
5.20 329.97 303.45 350.30 356.49
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MINJLEL 24.0 A N. 0.11. 2.0 IN. THIC K 160.0 TEMPERATURE

STA1 IC SIRLSS DECELER A T ION (0)
PSI 10CC LOWE R— p MODEL UPPER—P
.05 46.49 o3.11 4*  89.53 109.8 5
.ln 57.i~ 34 .32 ** sq.g~ 90.34
.15 4o.14 23.48 *4  49.04 68.80
.20 40.83 19.51 4* 41.68 63.15
.25 38.21 16.22 *5 41.06 60.20
.30 37.u~ 15.37 *4 39.87 58.72
.35 36~~7~ 15.38 *4 30.52 58.11
.40 36.90 15.03 *4  30.71 58.05
.46 37~~ 50 16.82 4* 40.26 58.37
.50 38.45 17.05 *4 41.05 58.94
.55 39.47 10.~~4 *4  ‘42.02 59.6~.60 40.ol 40 .64 5* 43.10 60.58
.65 41.84 22.12 4* 44 .26 61.55
.70 43.1.2 23.64 4* 45.49 62.60
.75 44•~~c 25.20 *4 46.75 63.70
.80 45.80 26.78 4* 49.05 64 .83
.85 47 ,19 49 .36 4* 40.36 65.99
.90 48.56 20 .95 4* 50.69 67.17
.95 49.95 31.52 4* 52.02 68.37

1.00 51.3~ 33.09 *4 53.35 69.57
1.20 56.47 i~~.23 *4 59.63 74.42
1.40 62.1~ 44~~.0b 63.76 79.24
1.60 67.27 50.57 69.69 83.g7
1.80 72.19 55.7b 77.42 98.60

• 2.00 70.89 60.65 77,95 93.10
2.20 91.39 05.28 82.30 97.48
2.40 85,70 00 .66 86.47 101.73
2.60 89.85 /3.84 90.47 105.86
2.80 93.44 77.83 94.33 109.85
3.01) ~7.o° 81.67 99.04 113.70
3.20 101.40 85.36 101.63 117.43
3.40 104.9° 88.04 105.10 121.03
3.60 108.46 92.41 109.45 124.50
3.80 111.42 95.74 111.7U 127.86
4.00 115.09 90.06 114.9 5 131.09
4.20 118,24 1U2.2o 117.92 134.22
4.40 121.32 1u5 .~~9 120. 99 137.25
4.60 124.31 109,43 123.79 140.19
4.80 127.41 111,40 126.61 143.06

f 5.00 130.~~7 114.27 120.75 145.86
J 5.20 132.814 117.06 132.03 148.62

I
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NjN1~~.L 24.0 IN. D.h. 3.o IN. IHIC K 160.0 TEMPERATURE

SIuT IC STR ESS LJ FC ELERAT ION (0)

~si IOLC LOWEI —p MODEL UPPER—P
.05 75,49  02.26 ** 72.90 99.51
.10 49.b~ 36.45  4* 49.12 63.25
.15 38.7’  25.55 4* 37.72 51.91
.2n 32,67 1~~.7u 4* 32.17 45.63
.25 29.02 16.26 4* 29.02 41.78
.30 26.72 14.17 4* 26.04 39.27

25.~~ 12.00 4* 25.74 37.41
.40 24.34 12.17 4* 25 .05 lb.50

23.80 11.92 4* 24.72 35.78
.50 23.54 11.74 4* 24.64 35.33
.5~ 23.47 1.1.85 *4  24.74 35.10
.60 23.56 12.11 4* 24.98 35.02

23.77 12.47 *4  2~~.32 35.06
.70 24.06 12.Q3 4* 25.74 35.20
.75 24.47 13.44 *4 26.22 35.42
.80 24.4~ 1.4.01 *4 26.75 35.70
.85 25.32 14.61 *4 27.32 36.02
.90 25.82 15.25 *4  27.02 36.39
.95 2o.3~ 15.90 5* 29.54 36.79

1.00 26.50 1.6.58 *4 29.18 37.23
1.20 29.26 1°.36 *4 31.94 39.15
1.40 31.73 22.18 4* 34.51 41.27
1.60 34.22 4.94 37.28 43.49
1.80 34.60 27.61 39,05 45.77
2.00 39.12 30. 18 42.~~5 48.05
2.20 41.40 32.65 45.08 50.33
2.40 4+3.80 35.01 47.53 52.58
2.60 4b.0~ 37.29 49.~~1 54.81
2.80 48.24 39.49 52.22 56.99
3.00 50.36 41.61 54 .46 59.12
3.21) ~2.43 ‘#3.67 56 .64 61.1°
3.40 54.45 4~~.6b 59.75 63.21
3.60 56.41 4+7.64 60.91 65.18
3.80 54.32 4°.55 62.90 67.09
4.00 60.19 51.43 64 .75 68~ 93
‘4.2n 64,00 53.2o 66.64 70.73
4.40 63.77 55.04 69.49 72.4R
4.60 65.50 56.92 70.29 74.18
4.80 67,1° 59.54 72.05 75.84
5.00 6th84 o0.22 77.77 77.47
5.20 70.46 6 1.94 75 .45 79.09
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M INILFL 30.0 AN. D.h. 1.0 IN. THICK —6 5.0 TEMPERATURE

• STATIC STRESS DECELERATION (0)
PSI LDLC LOWER — p MODFL UPPER—P
.05 322.3° 204.16 4* 320 .141 380.62
.10 200.7~ 1443 .68 *4  20~~.fl3 257.82

• .15 148,4° 92.55 4* 151.32 2014.43
.20 119.86 65.02 *4 121.73 174.70
.25 102.40 48.72 5* 103.65 156.26
.30 91.47 39.70 4* 92.04+ 144.16
.35 84.49 32.56 *4  84.44 135.99
.40 79.71 ~R.9 7 *4  70.50 130.45
.45 76.94 47.15 ** 76.40 126.73
.50 75.46 6.59 5* 74.64 124.32
.55 74.92 26.944 ** 73.86 122.91
.60 75.11 27 .99 *4  73.83 122.24
.65 75,4c 20.So 4* 74.38 122.15
.70 77.02 31.52 ~~* 75.37 122.52
.7s 78.5’ 33.79 4* 76.71 123.27
.80 80.31 36.30 5* 78.34 1244.31
.85 82.30 30.00 *4 80.19 125.60
.90 94.46 41.93 ** 82.22 127.08

V .95 86.76 44 .77  4* 84.40 128.74
• V 1.00 99.17 4+7.79 ** 86.70 130.54
• 1.20 99.54 bfl.32 5* 96.70 138.76

1.40 1.10.51 72.99 *5 107.36 148.03
1.60 121.b~ 85.41 118.25 157.88
1.80 132.72 97.41 129.11 168.03
2.00 143.o2 108.94 139.94 178.31
2.20 154.30 110.99 150.35 188.60
2.40 1.64.72 130,61 160.63 198.82
2.60 174.87 140.85 170.66 208.88

• 2.80 1.R4.7~ 150.74 180 .444 218.75
3.Op 194.37 160.34 180.06 228.39
3.20 403 .77 169 ,69 190 .23 237. 77
3.40 212.85 179.82 209.27 246.88
3.60 ‘21.77 167 ,74 217.07 255.71
3.80 230.39 196.48 22 5.66 264.29
44.00 238.82 205.03 234.04 272.62
4.20 24 7.06 213.39 242.22 2 0.73
4.40 455.10 221.c4 250.21 288.67
4.60 262.96 229.45 259.01 296.46

- 
- 

• 4.80 270.63 237.08 26~~.64 304.19
5.00 278.14 244.39 273.11 311.90
5.20 285.40 251.31 280.41 319.66
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30.0 AN . U.b. 2.0 IN. F HT CX — F,5.O TEMPERATURE

STuTIC STRESS DECELERATION (G)
PSI 10CC LOw ER—P MODEL ;PP IR—P
.115 ~30.j5 3u9.58 5* 709.62 350.91
.10 211.10 190.94 5* 205.95 231.44
.15 155.62 135.68 5* 156.03 175.57
.20 122.52 102.88 *4  127.36 142.17
.25 1.00.47 81.11 4* 107.39 119.83
.30 84.70 oS.71 *5 93.01 103.87
.35 73.19 54.37 5* 82.20 91.99
.440 644.34 45.79 4* 73.84 82.89
.45 57.40 39.19 5* 67.23 7~~.78
.50 52.10 34.05 5* 61.94 70.15
.55 47.83 30.02 4* 57.65 65.65
.60 4’#.44 26.85 4* 54.15 62.03
.65 41.714 24.38 4* 51.28 59.11
.70 39.bl 42.4u *4  48.92 56.77
.75 37.94 0.98 ** 46.08 514.89
.80 36.65 19.89 *4  45.39 53.40
.85 35.b7 19.10 5* 44 .09 52.24
.90 34.97 18.58 *5 4+3.04 51.36
.95 34.50 19.27 5* 42.21 50.72

1.00 34 .22 18.16 *4  41.56 50.28
• 1.20 34 .58 19.09 5* 40.37 50.06

1.40 36.53 41.50 5* 40.71 51.55
1.60 39.43 ~4.77 *5 42.01 54.10
1.80 42.94 29.54 5* 143.93 57.34
2.00 46 ,82 32.61 5* 46.26 61.03
2.20 5u.94 36.86 48.86 65.01
2.40 55.40 41.20 51.65 69.19
2.60 59.54 45.59 54.57 73.49
2.80 63.93 50.00 57.57 77.85
3.00 68.32 54.4 1 60.62 82.24
3.20 72.71 58.80 63.70 86.62
3.4() 77.07 o3.17 66.79 90.97
3.60 81.39 ~ 7.5U 69.88 95.28
3.80 85,67 /1.80 72.96 99.55
4.00 89.91 76.06 76.02 * 103.75
4.20 94.00 80.28 79.06 * 107.90
4.40 98.22 84.44 82.07 * 111.99
4.60 102,20 oR.55 85.06 * 116.03
4.80 1.06.30 92.59 88.01 * 120.02
5.OU 110,46 96.5b 90.04 * 123.97
5.20 114,17 100.44 93.83 * 127.90
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I

MINICEL 30.0 IN. D.h. 3.0 IN. THICK —65,0 TEMPFRAIUAE

STATIC STRESS DECELER ATION (C,)
PSI 10CC LOwER—p MODEL ,IPPER—P
.05 279.21 239.00 272.80 320.42
.10 195.52 145.00 183.88 226.04
.15 140,53 100.69 140.86 190.38
.20 113.01 73,91 114.35 152.20
.25 94.17 55.61 96.09 132.72
.30 80 .40 42.47 82.67 118.33
.35 69.91 32.58 72.36 107.24
.40 61.66 24.92 64.21 98.40

• .45 55.04 18.97 57.62 91.22
.50 49.e4 14.01 52.20 85.26
.55 45.17 10.08 47.68 80.26
.60 41.44 6.86 5* 43 ,97 76.02
.65 38.31 4.23 ** 40.64 72.38
.70 35.65 2.06 *5 37.88 69.25
.75 33.40 .27 ** 35.51 66.54
.80 31.40 — — 5* 33.46 644.18
.85 29.86 — — *4  31.70 62.12
.90 28.46 — — 5* 30.17 60.32
.95 27.29 — — *5 29.84 58.74

1.0 0 2~~.2P — — 4* 27.69 57.36
1.20 23.6~ — — ** 24.46 53.39
1.4n 22.57 — — 4* 2 .78 51.23
1.60 22.49 — — ** 22.10 50.28
1.80 23.06 — — 4* 22.10 50.21
2.00 24.00 — — ** 22.57 50.77

• 2.20 25.45 — — ** 23.39 51.80
• 2.40 27.03 .99 ** 24.45 53.17

2.60 28.79 2.77 *4 25.70 54 .80
2.80 30.66 4.71 27 .08 56.62
3.00 32,63 6.70 29.57 58.55
3.20 34.65 8.74 30.14 60.57
3.40 36.72 10.82 31.76 62.63
3.60 38,82 12.94 33.~~3 64.71
3.80 40,94 15.10 35.13 66.79
4.00 43.07 17.29 36.85 68.86

• 4.20 45.21 10.50 39.58 70.92
4.40 47.34 21.71 40.33 72.97
4.60 49.447 23.02 42 .Oe 75.01
4.80 51.59 26.11 43.92 77.06
5.00 53.60 28.25 45.57 79.13
5.20 55.7? 30.33 47.31 81.24

I
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MINICIL 30.0 AN. 0.11. 1.0 IN. THICK 70.0 TEMPFRATURE

STATIC STRESS DECELERATION (G)
PSI 10CC LOWER—P MODFL UPPER—P
.05 171.41 135.21 ** 176.08 207.60
.10 109,23 73.78 *5 112.35 144.69
.15 99.22 5(4,49 *4 90.90 123.95
.20 82.34 48.32 *4 82.78 116.36
.25 81.1? 47,85 4* 80.53 114.52
.30 82.96 50.29 ** 81.31 115.63
.35 86.36 54.34 *4 83.82 118.38
.41) 90.72 50.33 4* 87.36 122.11
.45 95.65 o4.pb 4* 91.54 126.43
.50 100.92 70.73 ** 96.11 131.11
.55 106.30 76.77 *4 100.02 136.02
.60 111,97 82.90 *4 105.88 141.05
.65 117.50 89.05 *4 110.92 146.14
.70 1.23,22 95.16 4* 115.99 151.26
.75 128.82 101.27 5* 121.06 156.36
.80 134.37 107.30 *5 126.11 161.445
.85 139,87 113.24 *4  131.12 166.49
.90 145.30 119.10 5* 136.09 171.1+9
.95 150.65 124.87 *4  141.00 176.1414

1.00 155.93 130.54 4* 145.95 191.33
1.20 174,26 152.24 ** 164.61 200.28

• 1.40 195.36 172.42 182.31 218.30
1.60 213,31 191.18 199.01 235.43
1.80 230.22 208.68 214.80 251.77
2.00 246.22 225.06 220.75 267.38
2.20 261.40 240.46 243.06 282.33
2.40 275.8’ 255.02 257.49 206.65
2.60 289.60 269.83 270.42 310.37
2.80 302,77 282.00 282.79 323.54
3.00 315.30 294.60 2914.67 336.18

• 3.20 327.51 306.71 306.08 * 348.31
3.40 339.19 318.38 317.06 * 359.98
3.60 350,43 329.66 327.66 * 371.20
3.80 361.29 340.57 337.00 * 382.00
4.00 371.70 351.14 347.81 * 392.44
4.20 381.95 361.38 357.41 * 402.53
4.40 391.81 371.29 366.72 * 412.34
4.60 401,3? 380.86 375.75 * 421.89
4.80 410.47 390.09 3814.54 * 431.26
5.00 419.72 398.95 393.09 * 440.148
5.20 428,52 407.41 ‘401.41 * 449.62
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MINICEL 30.0 IN. 0.11. 2.0 IN. THICK 70.0 TLMPFRATLJRE

STATIC STRESS DECELER ATION (r,)
PSI IDCC LOWER—P MODEL UPPER—P
.05 148,46 129.32 ** 158.59 167.60
.10 92.37 73.55 *4 9R.24 111.19
.15 69.03 50.52 ** 72.73 87.55 —
.20 56.72 38.51 *4 50.02 74.93
.25 49,50 31.67 *4 50.89 67.51
.30 45.34 27.71 *5 45.88 62.98
.35 42.85 25.49 *5 42.78 60.21
.40 41.51 24.42 4* 40,94 58.60
.45 40.96 24.13 ** 30.97 57.79
.5fl 40.97 24.39 *5 3~~.62 57.54
.55 141.39 25.05 ** 39.72 57.71
.60 42.00 26.00 ** 40.17 58.19
.65 43.014 27.17 ** 40.87 58.90
.70 44.15 29.51 *5 41.77 59.79
.75 45,~+fl 29.97 5* 42.83 60.83
.80 46.7~ 31.52 5* 44.00 61.98
.85 48,19 33.15 *4 45.28 63.21
.90 49.67 34 .93 *4 46.62 64.51
.95 51.21 36.54 *4 49 .03 65.87
1.00 52.70 38.30 5* 49.49 67.27
1.20 59.2° 45.43 4* 55.59 73.15
1.40 65.89 52.54 *5 61.00 79.24
1.60 72.43 59.48 68.20 85.38
1.80 78.83 66.19 74.42 91.4+7
2.00 85.05 72.64 80.49 97.46
2.20 91,09 78.83 86.41 103.314
2.40 96.93 84.78 92.16 109.08
2.60 102.59 90.51 97.74 114.67
2.80 108.09 96.04 103.16 120.12
3.00 113,40 101.37 108.43 125.42
3.20 118.56 106.54 113.54 130.57
3.40 123.56 111.55 119.51 135.57
3.60 128.43 116.42 123.34 140.43
3.80 133,15 121.17 128.05 145.14
4.00 1.37,75 125.79 132,63 149.72
4.20 142.23 130.30 137.10 154.17
4.40 146,60 134.69 141.46 158.51
4.60 150,86 138.98 145.71 162.74
4.80 155,01 143.16 149.86 166.87
5.00 159.07 147.22 153.92 170.93
5.20 163.04 151.14 157.88 1714.91
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MINICE.L 30.0 IN. U.h. 3.0 IN. THICK 70.0 TEMPrRATURE

STATIC STRESS DECELERATION (Ce)
PSI 10CC LOWER—P MODEL UPPER—P
.05 131,31 111.17 *4  137.89 151.~~4.10 83.2~ 63.49 4* 84.45 103.10
.15 61.87 42.39 ** 60.91 81.36
.20 49.65 30.48 *5 47.45 68.83
.25 41.8~ 23.01 5* 3~~.fl4 60.75
.30 36.6’ 18.0b *4  33.43 55.21
.35 32.97 14.68 ** 29.57 51.26
.40 30.39 12.37 *4 26.89 48.39
.445 28.53 10.79 *4 25.03 46.27
.50 27.23 9.75 ** 23.77 44.71
.55 26.34 Q.11 ** 22.95 43.57
.60 25.77 8.78 *4 22.48 42.75
.65 25.4U 8.69 4* 22.28 42.19
.70 25.3fl 8.78 ** 22.28 41.83
.75 25.32 9.02 ** 22.145 41.63
.80 25.47 p.38 4* 22.76 41.57
.85 25.77 0.84 *4 23.19 41.62
.90 26.07 10.37 ~~ 23.70 41.77
.95 26.48 10.97 4* 24.28 42.00

1.00 26.95 11.62 *4 24.03 42.29
1.20 29.27 14.56 *4 27.97 43.97
1.40 32.00 17.81 5* 3i.~+3
1.60 34.94 21.15 ** 35.08 148.73
1.80 37.99 24.49 38.80 51.46
2.00 41.04 27.78 42.54 514.31
2.20 44.11 31.00 46.25 57.21
2.40 47.14 34.13 49.90 60.14
2.60 50.13 37.18 53.49 63.07
2.80 53.06 40.15 57.01 65.98

• 3.00 55.95 43.04 60.46 68.85
3.20 5~j,77 45.87 63.93 71.67
3.40 61.54 ‘+9.65 67.13 74.4+4
3.60 64.25 51.37 70.35 77.114
3.80 66,91 54,fl3 73.50 79.78
4.00 69.50 56.66 76.59 82.35
4.20 72.05 59.23 79.60 814.87
4.40 7~e.514 61.76 82.55 87.33
4.60 76.99 44.23 85.44+ 89.73
‘4.80 79,39 66.65 88.27 92.10
5.00 81.72 40.00 91.04 94.44
5.20 84.02 71.28 93.76 96.77

I
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MINI4.EL 30.0 iN. 0.14 . 1.0 IN. IHICK 160.0 TEMPFRATURE

STATIC STRESS UFCELFRATION (G)
PST 10CC LOWEN—P MODEL UPPER—P
.05 135.86 86.01 4* 125.12 186.72
.10 93.01 ‘+3.13 ** 94.56 142.88
.15 83.99 35.06 5* 69.46 132.91
.20 94,77 36.~~7 4* 91.56 132.78
.25 89.40 42.39 4* 9F.4b 136.60
.30 ~4 .U1 40 ,77 *4 102.58 142.25
.35 103.30 57.99 4* 109.25 1148.79
.40 111.17 66.59 *4  116.12 155.76
.45 119.10 75.30 *4 123.04 162.90
.50 127.04 83.99 *4 120.90 170.08
.55 134,91 92.59 *5 136,65 177.22
.60 142.47 101.05 *4 143.27 184.28
.65 150.29 100.35 *4 149.74 191.22
.70 157.7~ 117.46 5* 156.06 198.04
.75 165.05 125.38 4* 162.23 204.73
.80 172.20 133.12 ** 168.25 211.28
.85 179.18 140,64 4* 174.12 217.70
.90 186,01 149.03 *5 179.85 223.99
.95 192.60 155.21 *4 185.44 230.16
1.00 199.21 162.22 *5 190.89 236.20
1.20 223.9~ 168.614 211.52 259.26
1.40 244,73 212.72 230.44 280.75
1.60 267.dc 234.79 247.04 300.92
1.80 287.55 255.14 264.22 319.96
2.00 306.02 274.02 270.45 338.01 V
2.20 323.41 291.65 293.79 355.17
2.40 339.86 308.21 307.33 * 371.51
2.60 355,48 323.85 320.16 * 387.11.
2.80 370.35 338.70 332.38 * 401.99
3.00 384.514 352.87 344.03 * 416.22
3.20 398.14 366.4’4 355.18 * ‘429.83
3.40 411.19 379.50 365.97 * 442.86
3.60 ‘4 23.72 392.06 376.15 * ~455.35
3.80 ‘435.80 404.24 386.04 * 467.35
4.00 447,45 1415.99 395.57 * ‘478.90
4.20 ‘+58.71 ‘427,36 404.78 * 490.05
4.40 469.60 438.34 413.70 * 500.87
4.60 480.16 448.92 422.33 * 511.40
4.80 1+90.40 459.09 430.69 * 521.72
5.00 500.35 448.90 438.82 * 531.89
5.20 510.02 478.02 446 .72 * 54+2.01
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MINICEL 30.0 IN. 0.11. 2.0 IN. IHTC K 160.0 TEMPERATURE

STATIC STRESS DECELERATION LG)
PSI 10CC LOWER—p MODEL UPPER—p
.05 97.31 73.15 *4  97.9q 121.47
.lfl 63.54 39.76 *4 64.84 87.31
.15 51.39 27.99 5* 52.67 74.78
.20 46.16 23.14 *4 47.23 69.19
.25 44.06 21.39 ** 44.84 66.73
.30 43,60 21.24 4* 44.08 65.93
.3~ 44.lf l 22.12 *4 414.26 66.09
.40 45.10 23.514 *4 45.fl3 66.85
.45 46.66 25.32 *5 ‘46.19 68.00
.50 48.37 27.34 *5 47.60 69.140
.55 50.25 29.51 *4  40.19 70.98
.60 52.2:’ 31.78 *4 50.99 72.67
.65 54.29 34.11 5* 52.67 74.45
.71) 56.39 36.48 ** 54.50 76.28
.75 5 8 . 40  39.85 ** 56.36 78.14
.80 60.62 lel.23 4* 59.24 80.02
.85 62.75 43.60 ** 60.13 81.91
.90 64.89 45.95 *5 62.01 93.80
.95 66.99 ‘+8.28 ** 63.99 85.70
1.00 69.09 50.58 4* 65.77 87.58
1.20 77.25 59.50 *4 73.10 95.01
1.40 85.05 b7.90 80.144 102.20
1.60 92.146 75.78 86.814 109.13
1.80 99.40 83.16 93.24+ 115.81
2.00 106.19 90.14+ 99.33 122.25
2.20 112.59 96.70 105.15 128.46
2.40 118.49 102.92 110.72 134.44+
2.60 124.52 109.82 116.06 140.21
2.80 130.12 114.46 121.18 145.78 V

3.00 135.51 119.86 126.11 151.15 V

3.20 140.49 125.04 130.86 156.34
3.40 1.45.69 130.04 135.44 161.33 V

3.60 150.52 134.87 139.86 166.16
3.80 155.19 130.56 144.15 170.81 V

l4.00 159.71 144.10 1149.30 175.32
‘4.20 16’+.U0 11+9.51 152.33 179,67
4.40 168.35 152.80 156.24 183.89
14.60 i72.4~ 156.94 160.04 187.99
4.80 176.51 141.03 163.74 191.99
5.00 180.42 144.05 167.34 195.90
5.20 1.94,24 149,714 170.96 199.74
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MINI(.(L 30.0 iN. 0.11. 3.0 IN. THICK 160.0 TEMPERATURE

STATIC STRESS DECELER ATION (C,)
PSI 10CC LOWER—P MODEL UPPER—P
.05 78.71 68.53 *4 81.57 88.89
.10 53.3~ 

41.34 5* 51.51 63.37
.15 42.80 32.95 ** 39.25 52.65
.20 37.23 27.54 4* 32.93 ‘46.93
.25 34.01 24.47 *4  29.38 43.55
.30 32.08 22.69 *4 27.37 41.47 V

.35 30.95 21.71 ** 26.29 40.20

.40 30.34 21.24 ** 25.81 39.4+5

.45 30.00 21.12 *4 25.74 39.06

.50 30.09 21.25 4* 25.95 38.93

.55 30.29 21.56 4* 26.38 38.99

.60 30.60 22.01 4* 26.06 39.18 V

.65 31.02 22.55 5* 27.65 39.49 —

.70 31.52 23.17 ** 28.42 39.87

.75 32.08 23.81+ 4* 29.26 40.32

.80 32.6° 24.55 *5 30.15 40.83

.85 33.33 ~5.30 5* 31.08 41.37

.90 3’4.01 26.07 5* 32.03 41.94

.95 34.70 26.86 *5 33.00 42.54
1.00 35.41 47.66 ~~ 33.99 43.16
1.20 38.34 30.91 ** 38.01 45.78
1.40 41.32 34.14 *4 42.02 48.50
1.60 44.27 37.29 45.96 51.25
1.80 47.16 ‘+0.33 ‘+~~.78 53.98
2.00 49,96 43.25 53.49 56.68
2.20 52.e0 ‘+6.05 57.06 59.33 V

2.40 55.32 ‘+8.73 60.52 61.92 
V

2.60 57.89 51.32 63.96 614.45
2.80 60,36 53.80 67.09 * 66.91
3.00 62.76 56.21 70.21 * 69.30
3.20 65.08 58.54 73.23 * 71.63
3.40 67.314 60.80 76.16 * 73.89
3.60 69.54 63.00 79.01 * 76 .08
3.80 71.67 65.11+ 81.77 * 78.21
4.00 73.75 47.22 84.45 * 80.28
4.20 75,77 69.26 87.06 * 82.29
‘4.40 77.74 71.25 8 .60 * 84.24
4.60 79.66 73.18 92.08 * 86.15
‘4.80 81.54 75,07 94.50 * 88.01
5.00 83.37 76.90 96.96 * 89.84
5.20 85.16 78.68 99.16 * 91.65 

V
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SECTION II

POLYETHYLENE FOAM

DOW ETHAFOAM (2 Lb./Ft .3)

‘ V
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ETHAFOAM 2 MODEL VALIDATION

MICOM Report No. RL-CR-75-- 4 [3] developed individual dynamic cushion-

ing curves , 72 out of 72 being statist icall y significant at an alpha level of .05.

This result implied that the 2 lb./ft . density Ethafoam material performs in a very

consistent manner over a wide range of temperature, thickness, and drop height .

The model validation for Ethafoam 2 followed the same procedure developed

for the Minicel material . Tabl e 2 presents the coefficients and variabl es for the

Ethafoam 2 model . As was. expected , based upon prev ious wo rk , the Ethafoam 2

material is very well behaved at the critical region of the dynamic cushioning curve .

Seventy two different combinations of drop height , temperature, and cushion

thkkness were evciluated. Fourteen of these combinations could not achieve the

criteria established for model validation . However , it should be observed that in

8 of the 14 cases , shown in pag~~.5O through 57, only one data point , at the .05 psi

static stress level , Was outside of the prediction limit rtinge. This static stress value,

.05 psi , is at the lower end of the experimental test scale. It would be a rare instance

in which such a low static stress level would be encountered in a cushioning system

design. For this reason, these 8 cases are not considered to be of a significant nature

w ith regard to validat ion of the Ethafoam 2 model .

One case exists, shown on page 5~ which show two data points at the lower

end of the experimental test scale, which are outside of the IDCC prediction limit.

However, in this case the difference between the minimum model G value and the

points in question calculated by the model , is approximately 45G ‘s, thus being far

removed from the “design reg ion .” Several points are noted to be outside of the

prediction limit at the upper end of the experimental test scale. However , for this

47

— _r~~ , - —---~ ~~~~~~~~~~~~ ~~
-—



V ~~~~~~~~~~ — -- -- ~~-~~~~~~~~~ —— -~~ ~~~~~~~V V •V ~~~~~~~~~~~~~~~ ~~V

I
I

TABlE 2

EThAFOAM 2 MODEL

Varithle Co.fficient 
— 

e e e h1
’~ i

.1,
~ i—3/2 (zn,) (Lnc~)

2

• t2.6’73363
.
~ 

u.0 x x
0.0 X X X

V 0 .0  X X

~
-+ —j .7~ 94~~

j X x A
V 0.0 X A X X

1.2~.3~~uo2 X A X A

I 2u2.3’~9~~r, X A A V

~J ~~~~~~~~~~~ X A X A
X A X A

J.0 A X
U u.U X X x
1g.. u.0 X A A

X x X
A x x x

0.0 X A X x
1~ — 4 5 . 7t ~d 17 u X A A
1/ d.1~~b..i.ib7 X A A X
Lu u.0 A A A A

0.0 A X
20 0.0 X A X
2 VL U.009u,~47L4~ u X X A

0.0 X A X
0.0 X A X X

2q — u.0~~0c~u~~iu X X X x

X A A
0.0 X X X A V

éi
’ — 0.OL7~~~b�b 1 X A A A

2. —4i f l .9’.UoU X X
2~ 1t,t~.’+L 7IL ~ A X X
30 —A5.0o 3~~.5~ X X x
3~ l.~3.9~ 9~ u X
3t~. —~~i.9i~ôt~9U A X X

2.2 t ~~9~ X A x
34 —~ u.t+,3’+u1 A X
3-’ 2.l’iI.1/3 X X X
3u U.0 X X A

I
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case, the deviant points are beyond the estab l khed validation procedure criteria .

Three additional cases exist, shown on pages 59 through 61, which deal with

the extremities of the significant portion of the design curve . These three cases

V 
have po ints outside of the prediction limits at both ends of the significant portion

V 

of the design curve. However, once again, the model minimum G level is well

removed from the points outside the prediction limits .

Although the case on page 62 contains oniy one point outside the significant

portion, it is of more significance than the first 12 cases discussed, since it occurs

at the 2.40 psi static stress level . However , it is at the extremity of the significant

portion , and does not adversely affect the design region of the curve.

The remaining case has five points which are outside of the significant portion

of the design curve . However, these deviant points are some 40G ‘s removed from the

minimum model value, and do not adversely affec t the design region of the curve.

V V The remaining 58 combinations were all acceptabl e based upon the established

validation criteria. Forty eight of these remaining 58 combinations were within the

prediction limits for the entire static stress range cons idered . Selected samples of

these combinations are shown on pages 64 through 71, since a complete set of the

I tested combinations is considered too voluminous for this report.

I
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~.TIlAFO Aw—2 12,0 iN. U.h. 2.fl IN. TI.IICK 110.0 ThMPFRATURE

STuTIC cTRLSS UECELF.:HATION (G)
PSI IOLC LOeER—f’ MODEL u PPER—P
.05 79.00 68.01 4* 94.71 * 90.00
.11) 51.60 ‘.0.80 *4  58.~~8 62.40
.15 36.95 ~8.34 ** 41.9L4 49.56
.20 31.40 21.07 *4 32.00 41.91
.25 26.56 16.32 *4  25.40 3o.8O
.30 23.10 13.04 *4  20.72 33.15
.35 20.56 10.68 4* 17.28 30.44
.40 18.65 8.95 *4 14.67 28.36
.45 17.~~fl 7.66 *4 12.65 26.74
.50 16.07 6.69 4* 11.08 25.45
.55 15.20 5.98 ** 9.84 24.42
.60 14.53 5.46 ** 8.86 23.60
.65 14.01 5.09 *4 8.10  22.93
.70 1j.bl 4.83 4* 7.50 22.39
.75 13.3? 4.68 ** 7.03 21.96
.80 13.11 4.61 ** 6.69 21.61
.85 12.97 4.60 *4 6.43 21.3L~
.90 12.80 4.64 *4  6.26 21.14
.95 12.66 4.7’4 4* 6.15 20.99

1.00 12.87 4.87 *4  6.11 20.88
1.20 13.~~4 5.65 4* 6.35 20.83
1.40 13.95 6.71 4* 7.07 21.19

V 1.60 14.~~5 7.89 *4 9.06 21.81
1.80 15.87 0.13 4* 9.22 22.60
2.00 16.96 10.39 10.49 23.53
2.20 18.00 11.64 11.82 24.54
2.40 19.25 12.87 13.19 25.62
2.60 20.41 14.08 14.59 26.74
2.80 21.57 15.27 15.99 27.88
3.00 22.7’ 16.43 17.39 29.02
3.20 23.89 17.58 18.78 30.17
3.40 25.01 18.71 20.16 31.31
3.60 26.13 10.83 21.53 32.44
3.80 27.24 20.93 22.89 33.55
4.00 28.33 22.03 24.22 34.63
4.20 29.41 23.12 25.54 35.70
4.4(1 30.46 44.19 26.94 36.74
4 . 60 31.53 25 .26 28.12 37.76
4.80 32.~~3 26.31 29.39 38.76
5.00 33.54 27.34 30.63 39.74
5.20 34.54 28.36 31.96 40.72

I
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~.ThAF 0Afr—2 18.0 iN. 0.11. 1.0 IN. THICK 20.0 TIMPFRATURE

STATIC clRt.SS UFLELENATTO N r1
V j PSI LflLC LO~ F1(—P MODEL (uPPER—P

.05 215.00 191.30 *4 190.67 * 240.08
V .1(1 132.o6 108.69 ** 117.24 156.64

.15 %.bfl 72.03 ** 85.18 119.16

.20 74 .45  51.28 *4  67.31 97.61
V .25 60.9° 38.21 *4 56.23 83.76

.30 51.90 49.50 ** 48.09 74.29

.35 45.55 23.53 4* 44.14 67.58

.40 41.05 1.0.38 4* 40.98 (52.72

.45 37.84 16.52 *4 39.72 59.16

.50 35.59 14.59 ** 37.37 56.56

.55 34 .02 13.37 *4 36.61 54.oB

.60 33.01 12.67 ** 36.31 53.35

.65 32.43 12.40 4* 36.36 52.46

.70 32.1° 12.45 *4 36.69 51.92

.75 32.21 12.76 *4 37.23 51.66

.80 32.46 13.29 *4 37.05 51.64

.85 32.80 13.98 *4 39.81 51.80

.9(1 33.47 14.81 4* 30.79 52.12

.95 34.17 lc .76 4* 40.96 52.58
1.00 34.99 16.90 4* 42.01 53.15
1.2n 38.94 21.60 ** 47.13 56.28
1.40 43.63 26.0? 4* 52.73 60.29
1.60 48.8° 32.57 4* 59.52 64.81
1.80 53.91 38.20 64.35 69.63
2.00 59.10 ‘13.77 70.15 74.62
2.20 64.46 4Q.23 75.85 79.69
2.40 69.60 54.58 81.45 84.79
2.60 74.8’ 59.79 86.03 89.88
2.80 79.80 64.87 92.28 94.92
3.00 84.86 bQ.83 97.50 99.80
3.20 89.73 /4.69 102.60 104.78
3.40 94.50 79•44 107.57 109.57
3.60 99.17 84.09 112.42 11’..25
3.80 103.75 88.67 117.16 118.82
4.00 108.22 93.16 121.79 123.29
4.20 112.81 97.58 126.31 127.64
4.40 116.91 101.92 130.73 131.89
4.60 121,1? 106.19 135.05 136.04
4.80 125.24 110.38 13q.27 140.11
5.00 129.20 114.48 143.41 144.09
5.20 133.26 118.49 147.47 148.02
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tTHAFOUP—2 18.0 iN. u.h. 2.0 IN. 1HIC~ 70.0 TLMPFf~A rLJRE

STATI C STP1~SS UFCELEHATTON (r,)
PSI LPCC LO*F~ —p MODEL I iPPER—P
.05 133.62 122.35 *4 147.42 * 144.90
.1(1 84 .56 13.48 4* 91.00 95.64
.15 61.9° 51.10 *4  65.18 72.89
.20 4~~.73 39.03 ** 5(1.07 59.44
.25 40.02 29.50 *4 40.19 50.54
.30 33.92 24.57 4* 33.30 44.26
.35 29.47 19.30 ** 28.32 39.65
.40 2b.1~ 16.15 ** 24.62 36.16
.45 23.63 13.79 4* 21.94 33.48
.50 21.70 12.02 ** 19.72 31.39
.55 20.t2 10.69 *4 18.12 29.76
.6(1 19.09 0.70 *4  16.91 28.47
.65 18.2’ 9.98 *4 16.02 27.47
.7(1 17.50 8.48 4* 15.37 26.69
.75 17.13 R.lb *4 14.03 26.10
.80 lo.82 7.97 *4 14.66 25.66
.85 1b.b~ 7.01 4* 14.52 25.35
.90 16.5~ 7,05 ** 14.cO 25.15
.95 16.55 9.06 *4 14.58 25.04

1.00 16.63 8.25 *4 lu.7s 25.01
1.20 17.50 9.51 ** 16.01 25.49
1.40 18.94 11.27 ** 17.91 26.62
1.60 20.73 13.30 4* 20.18 28.15
1.80 22.71 15.47 *4 22.66 29.94
2.00 24.80 1.7.70 25.25 31.90
2.20 26.96 19.95 27.01 33.97

V 2.40 29.15 22.20 30.59 36.11
V 2.60 31.35 24.43 33.27 38.28

2.80 33.55 26.63 35.04 40.46
3.00 35.7? 29.80 38.58 42.64
3.20 37.88 30.95 ‘41.19 44.81
3.40 40.01 33.07 43.76 46.95
3.60 42.11 35.16 46.30 49.06
3.8n 44.19 37.23 48.79 51.13
4.00 46.2? 3~~.28 51.25 53.16
4.20 48.23 41.30 53.66 5~~.15
4.40 50.20 43.29 56.03 57.11
4.60 52.14 ‘45.26 58.36 59.02
4.80 54.05 47.20 60.66 60.90
5.00 55.93 44.11 62.01 * 62.75
5.20 57.79 50.98 65.13 * 64.58
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~.THAFO At d—2 18.0 iN. u.h. 2.0 IN. (HIC K lln.0 TEMPFNATURE

STATIC sTRl~SS LJFCFLFHATTON ((3)
PSI 10CC LO~iFH—j-’ MODEL I ,PPER—P
.05 81.9(5 74.18 4*  100.01 * 101.73
.1(1 55.83 42.30 *4  8(5.0]. 69.35
.15 ~41.6P 28.40 *4 ‘49.13 54.97
.20 33.73 20.68 *4 37.43 46.78

V 
.25 28.76 15.94 ** 30.63 41.58
.30 25.47 12.87 *4 26.fl’. 38.06
.3~ 23.22 10.85 4* 22.85 35.60
.40 21.oP 0.52 ** 20.58 33.84

• .45 20.6’ 9.68 *4  18.98 32.58
.5(1 19.94 8.19 *4 17.95 31.69

V .55 19.51 7.96 ** 17.08 31.06
.60 19.2° 7.93 ** 16.58 30.64
.65 19.22 9.05 4* 16.30 30.39
.70 19.29 R.25 ** 16.19 30.27

19.47 8.(5j *4 16.22 30.25
.80 19.67 p.02 ** 1(5.36 30.32
.85 19.97 9.48 *4 16.59 30.46
.90 20.32  10.00 ** 1(5.00 30.65
.9~ 20.72 1(1.55 ** 17.27 30.90

t.O0 21.16 11.13 4* 17.69 31.19
1.20 23.15 13.64 4* 19.75 32.65
1.4(1 25.37 16.30 4* 22.17 34.43
1.60 27.7(1 19.98 4* 24.77 36.41
1.80 30.06 41.64 27.45 38.49
2.00 32.42 24.19 30.16 40.64
2.20 34.75 26.67 32.86 ‘42.83
2.40 37.04 2~~.0b 35.54 45.03
2.60 39.30 31.37 38.18 47.22
2.80 41.Sfl 33.60 ‘40.77 49.40
3.00 43.66 35.77 43.31 51.54
3.20 45.76 37.87 45.80 53.65
3.40 47.82 3°.92 48.24 55.71
3.60 49.83 41.03 50.63 57.73
3.80 51.7° 43.89 5~~.Q7 59.69
‘4.00 ~3.71 45.P2 55.26 61.61
4.20 55.5° 47.71 57.50 63.47
4.40 51.43 40 .57 5Q.7~ 65.28
‘4.60 59.22 51.40 61.85 67.05
‘4.80 60.99 53.19 63.06 68.78 

V

V 5.00 62.71 54.04 66.03 70.47
5.20 64.3° 5(5.65 68.05 72.13
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ETHA FONW— 2 30.0 iN. U.h. 2.0 IN. IHIC K 70.0 TEMPFRATUkE

STATIC STRLSS UECFLEHATTON (r,)
PSI 10CC LOWFF~—P MODFL u PPER—P
.05 160.90 144.69 ** 181.30 * 177.28
.10 94.1(1 79.09 4* 100.90 110.11
.ic 65.37 ‘4~~.64 4* 79.10 91.10
.20 49.83 i~~.18 4* 60.14 65.09
.25 40.Oq 24.91 ** 49.80 55.27
.30 34.01 19.09 4* 41.21 48.94
.35 30.00 15.42 4* 35.08 44.76
.40 27.59 13.16 ** 32.31 42.01
.45 26,07 11.99 ** 20.76 40.25
.50 25.26 11.31 4* 29 .00 39.21
.55 24.97 11,25 *~~ 26.85 38.69
.6(1 25,09 11.57 *4 26.16 38.58
.65 25.49 12.20 4* 25.93 38.78
.70 26.14 13.05 4* 25.78 39.23
.75 26.97 14.08 4* 25. 06 39.87
.80 27.9c 15.25 ** 26.32 40.66
.85 29.uc 16.53 4* 26.84 41.57
.90 30.24 17.90 *4 27.47 ‘42.59
.95 31.51 10.33 ** 29.22 43.69

1.00 32.84 40.92 *4 29.04 44.86
V 1.20 38.56 27.1,2 ** 32.04 50.01

1.40 44.61 33.62 ** 37.42 55.59
1.60 50.74 40.12 42.17 61.36
1.80 56.84 46.50 47.03 67.18
2.00 62.84 52.70 51.01 * 72.99

V 2.20 68.72 58.70 56.77 * 78.74
2.40 74.46 84.52 61.~~6 * 94.40
2.60 90.05 70.14 66.27 * 89.95
2.80 85.4° 75.60 70.99 * 95.39
3.00 90.79 80 ,99 75.42 * 100.69
3.20 95,94 86.03 70.95 * 105.86
3.40 100.96 91.03 84.18 * 110.89
3.60 105.85 95.02 89.42 * 115.79
3.80 110.62 1UO .(58 92.57 * 120.55
4.00 115.26 105.34 96.62 * 125.18
4.20 119.80 109.90 100.59 * 129.69
‘4.40 124.23 114.36 104,48 * 134.09
4.60 128.55 11.9.73 109.28 * 138.37

V 4.80 132.79 123.00 112.01 * 142.56
5.00 136.91 127.17 115.66 * 146.65
5.20 140,95 131.23 119.24 * 150.68

I
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L.ThAFOsM—2 30.0 iN. J.h. 4.0 IN. THIC K 70.0 TLMPFHATURE

V ST~ 1IC cTR~.SS UELELF~ ATTON Cr,)
V PSY IflCC LO~ EH—P MODEL (uPPER—p

.05 131.7° 121.06 4* 140.86 * 141.63

.10 84.02 74.36 *4 93.10 93.68

.15 61.73 57.25 ** 86.79 71.22

.2(1 48.’+6 3Q .14 *4 51.21 57.77

.2~ 39.6(1 30.46 *4 40.00 48.75

.30 33.31 24 .33 *4 33.62 42.30

.35 2d.o~ 1~~.92 ** 29.76 37.48
V .40 25.10 16.43 4* 24.22 33.78

.45 22.3~ 13.82 *4 21.12 30.87

.50 20.19 11.90 4* 18.71 28.56

.55 18.46 1fl.2~ *4 1 .92 26.70

.60 17.10 0.00 ** 15.35 25.20

.65 16.01 8.05 4* 14.20 23.98

.70 is.ic 7.32 *4 13.31 22.99

.75 1’..49 6.77 ** 12.63 22.19
V .80 1j.9~ 6.’? ** 12.14 21.54

.85 13.56 6.09 4* 11.79 21.03

.90 13.27 5.92 *4 11.56 20.63

.95 13.09 5.84 ** 11.45 20.32
1.00 12.96 5.93 *4 11.42 20.10
1.20 13.0° 6.34 *4 11.07 19.85
1.40 13.86 7.43 ** 13.75 20.30
1.60 15.07 8.84 *4 14.95 21.19
1.80 lo.41 10.44 4* 16.01 22.38
2.00 17.96 12.15 *4 10.03 23.77
2.2n 19.60 13.00 21.24 25.30
2.40 21.30 15.68 23.50 26.92
2.6n 23.03 17.48 25.79 28.61
2 .80 24.79 19.73 28.09 30.33
3.00 28.54 21.00 30.-39 32.08
3.2(1 28.2° 22.76 32.66 33.82
3.40 30.07 24.50 34.02 35.56
3.60 31.76 26.22 37.15 37.29

V 3.80 33.47 27. 04 3Q.36 * 39.00
‘4.00 35.16 29.64 41.54 * 40.69
4.2(1 36.87 31.32 43.68 * 42.34
4.40 38.49 32.99 45.90 * 43.99
4.60 40.11 34.63 47.98 * 45.58
4.80 ‘41.71 36.26 40.03 * 47.1(5
5.00 43.30 37.97 51.05 * 48.73
5.20 44.86 39.44 53.04 * 50.27

I
I
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t.THAFOMM—2 ~i.0 IN. o.H. 4.0 IN. THICK 110.0 TEMPFHATUNE

ST~ 1IC STRISS UFCFLERATTON (C,)
PST IDLe LOwFi~—p MODEL u ’IJPER—P
.05 °U.95 79.09 ** 107.53 * 102.91
.1(1 58.12 46.37 *4 66.51 69.87
.15 43,15 31.60 4* 47.06 54.59
.2(1 34.42 43 .08 ** 37.23 45.76
.25 28.73 17.58 ** 30.30 39.88
.30 24.7° £3 .93 ** 25.5&~ 35.75
.35 21.94 11.17 ** 22.16 32.72
.4(1 19.t~4 0.25 *4 19.69 30.44
.45 18.27 7.95 4* 17.98 28.70
.50 17.0° 6.94 *4  16.54 27.35
.55 lb .� 1 6.12 ** 15.57 26.30
.60 15.5~ ~.62 ** 14.98 25.48
.65 15.07 5.29 *s 14.40 24.85
.70 14.73 5.11 4*  14.10 24.36
.75 1’..52 5.03 ~~* 1’.~~4 24.00
.80 14,3° 5.fl5 *4 13.00 23.74
.85 1&~.35 5.14 4* 13.95 23.57
.90 14.38 5.79 *4  14.08 23.46
.95 14.45 5.49 4* 14.28 23.42

1.00 14.59 5.73 *4 14.53 23.43
1.20 15.44 7.01 *4 15.05 23.87
1.40 lb ,b5 R -~5b •~ 17.78 24.74
1.60 18.07 10.24 *4  19.94 25.90
1.80 19.60 11.o7 4* 22.02 27.23
2.00 21.i° 13.71 24.26 28.68
2.20 22.82 15.43 26.51 30.21
2.40 24.45 17.12 28.77 31.78 V

2.60 26.09 19.78 31.00 33.38
2.80 27.6° 20.40 33.21 34.99
3.00 29.2° 22.00 35.39 36.59
3.20 30.87 23.56 37.53 38.18
3.40 32.42 45.11 39.64 39.74
3.60 33.9~ 26.63 41.71 * 41.27
3.80 35.46 28.13 43.74 * 42.78
4.00 36.93 29.62 45.73 * 44.25
‘4.20 38.3P 31.09 47.68 * 45.68
4.40 39.81 32.54 40.60 * 47.08 

V

4.60 41.21 33.0? 51.48 * 48.45
‘4.80 42.59 35.38 53.33 * 49.80
5.00 43.94 36.76 55.14 * 51.12
5.20 45.27 39.11 56.02 * 52.44 - -
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t.THAFOMM—2 30.0 iN. D.h. 4.0 TN. ‘HICK 160.0 TLMPFNATUNE

STuTIC STRt.S5 LJFCELEHATTON ( (3 )
PSI 10CC LOWEN— P MODEL UPPER—P
.05 72.40 50.58 ** 57.77 * 85.21
.1(1 47.4? 34.94 *4 39.39 60.00
.15 3 .27 23.92 *4  31.60 48.62
.20 29.91 17.78 4* 27.41 42.04
.25 25.86 13.95 *4  24.01 37.77
.30 23.1’ 11.43 4* 23.37 34.82
.35 21.22 9.73 *4  22.41 32.71
.411 19.87 9.58 *4  21.83 31.15
.45 18,90 7.92 4* 21.52 29.99
.50 18.22 7.33 *4 21.40 29.12
.55 ]7,75 7.05 4* 21.42 28.46
.60 17.45 6.93 ** 21 .54 27.98
.65 17.29 6.93 ** 21.75 27.63
.70 17.20 7.03 *4 22.01 27.38
.75 17.21 7.20 *4 22.32 27.23 V

.8n 17.2° 7.44 4* 22.67 27.14

.85 17.42 7.72 *4 23.05 27.12

.90 17.50 9.05 *4  23.45 27.14
17,80 8.40 4* 23.97 27.21

1.00 18.05 8.78 4* 24.30 27.31
1.20 19.24 10.47 4* 26.13 28.01
1.40 20.b6 12.30 4* 29.02 29.01
1.60 22.19 14.16 4* 2~~.Q1 30.20
1.80 23.75 15.99 31.78 * 31.51
2.00 25.34 17.77 33.60 * 32.91
2.20 28.93 10.49 35.38 * 34.36
2.40 28.50 2 1.15 37.11 * 35.84

2.60 30.U~ 22.76 38.80 * 37.34
2.80 31.57 24.30 40.43 * 38.84
3.00 33.07 25.81 ‘32.02 * L4~~ ,33

3.20 34.53 27.27 43.56 * ‘41.80
3.40 35.97 28.70 45.05 * 43.24
3.60 37.37 30.10 46.51 * 44.65
3.80 38.75 31.48 47.93 * 46.02
‘4 .00 40.10 32.93 40 .31 * ~47.37
‘4.20 41.42 34.17 50.66 * 48.67
4.4(1 42.71 35.48 51.07 * 49,94
‘3.60 43.98 36.78 53.26 * 51.18
‘3.80 45.22 39.05 54.~~1 * 52.39 V

5.00 46.44 3~~.30 55,73 * 53.58 V

5.20 47 . b3 40.51 56.03 * SLe.75

I
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I

ETHAFOM M—2 24.0 iN. thh . 4.0 IN. JHICK lln.0 TLMPFNATURE

SIUTIC STRt.SS IJFLFLFN ATTON Cr,)
PSI 10CC LO~ FI~—P MODEL UPPER—P
.05 78.34 /1.07 4* 99.77 * 95.61
.1(1 51.7° 44.68 ** 61.61 * 58.92
.15 39.49 .~2.48 *4 (44.~.3 46.49
.20 32.20 2~~.32 4* 34.72 39.08
.2c 27.37 20.62 4* 2 .24 34.13
.30 23.97 17.33 4* 23.74 30.60
.35 21.46 14.05 *4  20 .49 27.97
.40 19.57 13.17 4* 19.08 25.96
.45 18.11 11.83 ** 16.28 24.40
.50 16.99 10.91 *4 14.01 23.16
.55 16.10 10.03 ** 13.88 22.17
.60 15.40 9.’.~4 ** 13.11 21.37
.65 14.86 9.00 4* 12.55 20.73
.70 14.4~ 9.68 *4 12.14 20.22
.75 14.1’ A. t45 *$ 11.97 19.80
.80 13.90 8.31 *4 11.72 19.48
.85 13.73 8.23 4* 11.65 19.23
.90 13.62 9.21 4* 11.65 19.04 V

.95 13.57 8.23 4* 11.72 18.90 V

1.00 13.5~ 8.30 *4 11.85 18.80
1.20 13.80 9.83 *4 12.75 18.77
1.40 14.30 ~ .6b *4 14.06 19.13
1.60 15.19 10.64 4* 15.61 19.73
1.80 16.00 11.69 ** 17.29 20.49
2.00 17.09 12.79 *4 10.05 21.37
2.2n 18.11 13.99 20.84 22.32 V

2.40 19.16 15.00 2 .65 23.32
2.60 20.23 16.09 24.45 * 24.36
2.8(1 21.30 17.18 26.24 * 25.42
3.00 22.37 19.25 28.02 * 26.49
3.20 23.43 10.31 29.77 * 77.54 V

3.40 24.49 20.36 31.49 * 28.60
3.60 25.52 41.40 33.19 * 29.64
3.80 26.5~ 22.42 34.97 * 30.67
‘4.00 27.56 23.44 36.51 * 31.68
4.20 28.56 24.45 39.12 * 32.a7
4.40 29.55 25.45 30.71 * 33.85
4.60 30.5? 26.44 41.27 * 34.60

V 4.80 31.49 27.41 42.91 * 35.54
5.00 32.42 28.37 44.31 * 36.47
5.20 33.35 2Q.31 4~~.90 * 37.39

-I
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~ thAFONM—2 18.0 IN. ).h. 14.0 IN. lI~TCK 160,0 TLMPFkATURE

I 

STA1IC STRESS LiECFLEH A TIO N ( ( )  V 

-

PSI 10CC LOwEP—p MODFL uPPER—p V

.05 62.07 53.07 4* 49 .64  * 71.07
f .10 41.36 32.52 ** 33.94 50.21

7 
.15 31.70 23.01 *4 26.96 40.39

- .20 25.94 17.40 *4  22.79 34.48
.25 22.10 13.71 *4 20.17 30.50

1 
.30 19.37 11.12 4* 18.38 27.63
.3s 11.35 p .23 ** 17.11 25.47
.4(1 15.81 7.82 ** 16.70 23.79
.45 14.61 6.75 *4 1~~.53 22.47

7 
.50 13.o7 5~ q4 ** 15.04 21.40 V

.55 12.9? 5 .31 ** 14.70 20.53

.60 12.37 4.94 *4  14.45 19.82 V

I .6c 11.86 4.48 *4 14.29 19.23
.7(1 11.49 4.21 ** 14.20 18.75
.75 11.10 4.03 ** 14.18 18.35
.80 10.96 3.90 *4 14.16 18.02 4

I .85 10.7° 3.82 *4 14.20 17.75
.90 10.66 3.79 *4 14.27 17.53
.95 10.57 3.p0 *4 114.36 17.35

1.00 10.52 3.~~i *4 14.48 17.21
1.20 10.57 ~~~~ *4 15.08 16.95
1.40 10.90 4.77 ** 15.94 17.03 1.
1.60 11.40 5.47 ** 16.68 17.32
1.80 12.00 6.22 4* 17.56 17.77 4
2.00 12.86 6.09 4* 19.46 * 18.33
2.20 13.37 7.77 jQ.37 * 18.97
2.40 14.10 9.55 20.27 * 19.66
2.60 14.85 p.32 21.16 * 20.38
2.80 15.61 10.118 22.04 * 21.13
3.00 16.36 10.84 22.°1 * 21.89
3.20 17.12 11.59 2~~.76 * 22.65
3.40 17,87 12.33 24.60 * 23.41
3.60 18,62 13.07 25.41 * 24.16
3.80 19.36 13.81 26.22 * 24.90
4.00 20.0° 14.55 27.01 * 25.62
‘4.20 20.81 15.28 27.78 * 26.33

I 4.40 21.52 16.01 28.54 * 27.03
4.60 22.22 16.74 20.28 * 27.71

- 4.80 22.92 17.45 30.01 * 28.38
5.00 23.60 19.18 30.73 * 29.05 V
5.20 24.29 18.84 31.143 * 29.71
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ETHAFOM M— 2 24.0 IN. 0 .h .  ‘4.0 TN. IHTLK 160.0 TEMPFRAT (JRE - 

-

STAT IC STRESS IJECELEN A T T O N Cr1)
PSI 10CC LOnFR—fr WOOFL ‘ PPER—P.05 69.14 57 .54 ** 53 .97 * 80.74
.14 45.41 3~~.02 *4 36.94 56.80
.15 34.50 23.40 ** 2° .3~ 45.78
.2fl 28.2° 17.30 *4 25,74 39.28
.2’ 24.19 13.38 4* 22.69 34.98
.30 21.33 10.72 ** 21.03 31.94
.35 1 .28 9.98 *4  10.93 29.70.4(1 17.77 7.53 ** 10.19 28.01
.45 18.84 6.57 *4 19.72 26.70.50 15.7° 5.99 4* 19.43 75.68.55 15.1~ ~.42 4* 19.77 24.88
.60 14.69 5.11 ** 19.22 24.25
.65 14,34 14 ,03 *4 ~~~~~ 23.75.70 14.10 4.94 ** 1R.~~5 23.35
.7’ 13,94 4.~~4 *4  19.50 23.05.80 13.86 4 .p9 ** 19.68 22.82
.85 13.83 5.00 *4 19.00 22.86
.90 13.b~ 5.26 4* 10.15 22.54.95 13.91 5.35 *4  10.41 22.47

V 1.00 14.00 5 .57 4* 19.70 22.441.20 14.63 6.64 *4 20.95 22.621.40 15.5? 7.qi ** 22.31 23.13
1.60 16.55 9.25 $* 23.71 23.86
1.80 17,87 10.61 4* 25.12  * 24.73
2.00 18.83 11 .05 26.~~J. * 25.71
2.20 20.01 13.26 27.98 * 26.75
2.40 21.1° 14.54 29.22 * 27.85
2.60 22.39 15.78 30.54 * 28.97
2.8n 23.55 16,99 31.92 * 30.11
3.00 24.71 1R .16 33.07 $ 31.26
3.2r~ 25.86 1~~.31 34.78 * 32.40
3.40 26.99 20.44 35.47 * 33.53
3.60 28.00 21.55 36 .63 * 34.64

V 
3.80 29.19 22.64 37.76 * 35.73
4.On 30.26 23.72 39.97 * 36.79
‘4.20 31.31 24.78 30.04 * 37.83
4.40 32.34 ~5.94 41.00 * 38.854 .60 33.36 26.98 42.03 * 39.84
4.80 34,36 47.90 43.04 * ‘40.82

44 .02 $ 41.77
5.20 36.31 20.99 44.09 * ‘42.72

I

1
~: 
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V ~.ThAFOufr—2 12.0 iN. L).b. 1.0 TN . IHICK 70.0 TEMPERAT URE

V STATIC STRLSS UFCELFHATTON (0)
PSI 10CC LO~ r k—P MODEL UPPER—P
.05 123.95 115.12 *4 136.49 * 132.78
.lo 78.76 70.08 *4  84.95 87.44
.15 58.60 50.07 *4 61.67 67.13
.20 ‘47.11 38.73 *4 4 9. 23  55.49
.25 39.80 31.57 *4  39.5~ 48.04
.30 3’e.87 26.78 4* 33.62 42.97
.35 31.44 23 .46 4* 29 .39 39.40
.40 29.ufl 21.17 *s 26.32 36.83
.45 27.27 10.57 *4 24.07 34.97
.50 26.06 19.48 ** 22.42 33.63
.55 25.22 17.77 *4 2 1.p3 32.68
.60 24.8~ 17.35 ** 20 .38 32.03
.65 24.30 17.16 *4 19.90 31.61
.70 24 .27 17.15 4* 10.45 31.38
.75 24.29 17.28 *4 10.27 31.30
.80 24 .4 14 17.53 ** 10.23 31.35
.85 24.~~° 17.88 ** 19.31 31.49
.90 25.u1 18.30 4* 1Q.SU 31.73
.95 25.40 18.78 4* 19.76 32.03

1.00 25.d~ 10.34 ** 20.10 32.39
1.2n 28.05 1.82 ** 21.05 34.28
1.40 30.8L& 214.66 *4 24.31 * 36.61
1.60 33.42 27.65 ** 26.95 * 39.20
1.80 36.2° 30.67 20.73 * 41.92
2.00 39.20 33.68 32 .59 * 44.71
2.20 42 .uO 36.65 35.46 $ 47.53
2.40 44,95 39.56 39.33 $ 50.35
2.60 47.7P 42.41 41.18 * 53.15
2.80 50.5~ 45.20 43.99 * 55.91
3.00 53.29 47.92 46.76 * 58.64
3.20 55.95 50.59 40.148 * 61.31
3.40 58,56 53.19 52.16 * 63.93
3.60 61.12 55.75 54.78 * 66.49
3.80 63,83 bR.2b 57.36 $ 68.99 V

‘4 .00 68.09 bfl.72 50.99 * 71.44
4.20 68.48 63.14 62.77 * 73.83

7 
4.40 70.84 85.51 64.90 * 76.16
4.60 73.14 b7.P4 67.19 * 78.45
4.80 75.40 70.12 60.53 * 80.68
5. u0  77 .82  72.36 71.83 * 92.88
5.20 79.70 74.54 74 .08 * 85.04

I
I
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~TI1A F-ORfr—? 18.0 iN. (J .h .  4.0 IN. rHIcK 110.0 TEMPFR.ATURE

i STA 1IC STRESS UECFLEHAT ION (0)
PS I 10CC LO*EH—P ~ODFL UPPER—P
.o~ 72.96 86.49 89.82 * 79.42
.10 49.14 £42.7 9 56.05 * 55.49
.15 37.80 31.55 40 .86 44.04
.20 30.91 24.77 31.96 37.04
.2’, 26.22 20.19 25.00 - 32.26
.3(1 22.8’ 16.99 21.69 28.76

I .35 20.26 14.42 18.60 26.09
.40 18.2c 12.51 ** 16.26 23.90
.45 16.66 11.01 *4  14.46 22.30
.50 15.37 .91 ** 13.06 20.92
.55 14.31 R.~~4 ** 11.07 19.78

- .60 13.44 8.115 ** 11.11 18.82
I .65 12.71 7.41 ** 10.44 18.02 V

.70 12.11 6.98 ** 0.~~2 17.33

.75 11.60 6.45 4* 9.53 16.75

.80 11.19 6.10 4* 0 .24 16.26

.85 10.87 5.92 *4 0.03 15.83

.9(1 10.53 5.59 *4 9.00 1 .47

.95 10.20 
~.41 4* 9.83 15.16

1 
1.011 10.00 5.28 4* P.81 14.90
1.2(1 9.63 5.04 4* 0.11 14.22
1.40 9.54 5.33 ** 0.84 13.95

1 1.60 9.60 ~.u2 *~~ 10.80 13.95
1 1.80 9.99 5.93 ** 11.Q2 14.15

2.Ou) 10.30 6.3]. 4* 13.13 14.47
2.20 10.87 6.94 4* 14 .40 14.90
2.40 11.40 7.40 ** 15.70 * 15,40
2.60 11.97 7.98 17.01 * 15.95
2,80 12.5~ 9.58 18.33 * 16.53

1 3.00 13.16 0.18 10.64 * 17.14
3.20 13.78 0.79 20.05 * 17.76
3.40 14 .40 10 .41 22.25 * 18.39

1 3.60 15.03 11.03 23.53 * 19.02
I 3.80 15,b~ 11,66 24.79 * 19.b’4

‘4 .00 16.29 12.29 26.04 * 20.27
4.20 18,90 12.02 27.28 $ 20.88

1 4.40 17.53 13.56 29.49 * 21.49
‘4.60 18.14 14.19 20.69 * 22.09
4.80 18.75 14.82 30.87 * 22.69 V

1 5.00 19.36 15.44 32.03 $ 23.28
1 5.20 19.96 16.05 3~~.17 * 23.87

I
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EIHAFOAP ’—2 30 .0 iN. U.h. 2.0 IN. JHIC K —65.0 TEMPERATURE

STMTIC STRESS UFCFLEHATION (0)
PSI 10CC LOwFH—P MODEL UPPER—P
.05 313.414 29~~.68 336.38 * 327.19
.10 40 1.20 187.68 221.34 * 214.72
.15 148.28 134.q9 166.45 * 161.57
.20 116.43 103.37 *4  133.05 * 129.49

V .25 94.98 82.14 4* 110.72 * 107.83
.30 79.57 66 .04 *4 93.91 * 92.20
.35 68.03 5~~.60 ** 81.30 $ 90.45
.4(1 59. 12 46 .90 *4 71.52 * 71.34
.45 52.11 40.09 ** 63.73 64.13
.50 ‘4o.51 34.68 ** 57.U1 58.35
.55 42.00 30,35 ** 52.22 53.64
.60 38.33 26.96 *4 47.03 49.79
.65 35.37 ~4 .04 4* 44.36 46 .63
.70 32.80 41.76 *4 41.37 414.01
.75 30.80 10.02 *4 39.95 41.86
.80 29.27 18.46 4* 36.75 40.08
.85 27.97 17.30 *4 34.08 38.63
.90 28.97 16.41 4* 33.50 37.145
.95 26.12 15.74 4* 32.26 36.50
1.00 25.51 15.26 ** 31.24 35.75
1.20 24. 514 14.76 *4 28.91 34.32
1.4n 25.21 15.#1 *4 28.19 34.60
1.60 26.88 17.79 ** 28.72 35.98
1.80 29.21 20.34 *4 30.02 38.07
2.00 31.96 23. 26 *4  31.84 40.66
2.20 34.9° 26.41 *4 34.01 43.58
2.40 38,22 29.70 36 .44 46 .74
2.60 41.56 33.08 30.04 50.05
2.80 44 ,90  36.52 41.77 53.46
3.00 48.46 ~9.99 44 .58 56.94

‘ 3.20 51.96 43.47 47.46 60.44
3.40 55.46 46.06 50.37 63.95
3.60 58.9~ 50.45 53.30 67.45
3.80 62.42 53.02 56.24 70.92
4.00 65.87 57.38 50.18 74.36
4.20 69.20 80.82 62.12 77.77
4.40 72.68 64.23 65.03 81.13
4.60 76.04 67.62 67.04 84.45
4.80 79.35 70 .97 70.92 * 97.74
5.00 82.63 114.28 73.68 * 90.98
5.20 R5.t~7 77 .55 7 6.51  * 04.20

I
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~Tl1AFOAfr—2 12.0 IN. 0.i-t . 1.0 IN. IH ICK —65.0 ThMPFRATURE

STM TIC SIRLSS L~EC ELERA TT0 N (6)
PSI 10CC LOWER —P MODEL UPPER—P
.05 173.75 156.18 187.51 191.32
.10 119.70 102.45 125.06 136.95
.15 93.74 /6.91 95.17 110.68
.20 77,86 61.23 76.95 94.49
.25 67.00 50.67 64.51 83.33
.30 59.06 43.02 55.45 75.09
.35 53.00 37.25 48.57 68.76
.40 48.25 32.78 43.18 63.72
.45 44.43 29.23 38.86 59.63

V .50 41.31 26.38 35.36 56.25
.55 38.714 24.06 32.47 53.42
.60 36.59 22.16 4* 30.07 51.02
.65 34.78 20.59 *4 28.06 48.97
.70 33.25 19.30 4* 26.37 47.21

V .75 31.96 18.23 ** 24.95 45.68
.80 30,85 17.35 ** 23.75 44.36
.85 29.91 16.62 4* 22.73 43.20
.90 29.11 16.02 4* 21.97 42.19

1 •95 28.43 15.54 ** 21.15 41.31
1.00 27.8~ 15.15 4* 20.54 40.55
1.20 26.34 14.34 *4 19.03 38.34
1.40 25.72 14.29 *4 18.52 37.14
1.60 25,67 14.72 4* 18.66 36.63
1.80 26.01 15.42 4* 19.22 36.59
2.00 26.60 16.30 *4 20.07 36.91
2.20 27.30 17.28 *4 21.13 37.50
2.40 28.31 18.33 ** 22.33 38.28
2.60 29.32 19.43 ** 23.63 39.21
2.80 30.40 40,56 25.01 40.25
3.00 31.54 21.72 26.44 41.36
3.20 32.71 22.89 27.01 42.53
3.41) 33.91 24.09 29.40 43.73
3.60 35.12 25.30 30.01 44.94
3.8(1 36.35 6.53 32.42 46.16
4.011 37.58 27.77 33.94 47.38
‘4.20 38.81 20.03 35.46 48.59
4.40 40.04 30.29 36.97 49.79
4.60 41.27 31.56 38.47 50.98
4.80 42.4~ 32.83 39.97 52.16
5.00 43./1 34.08 41.46 53.33
5.20 44.92 35.32 42.93 54.52

I
I

64

~ 

~~ V V~~ ~_V -~~~~~ - -



_ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~ - ~ V ~~~

LTH AFOMPs~~2 12.0 IN. J.h. 2.0 IN, TH ICK 70.0 TEMPERATURE

STATIC STR~.SS LIFCELEF4ATTON (0)
PSI 10CC LOwER— P MODEL UPPER—P
.05 116.16 104.56 126.05 127.76
.10 75.29 63.99 7Q .14 86.6 7
.15 55.9° 44.80 57.02 67.18
.20 44.37 33.38 4* 43.72 55.36
.25 36.514 25.75 *4 34.75 47.34
.311 30.92 20.31 4* 28.3 1 41.52

V .35 26 .70 16.28 ** 23.49 37.11
.40 23.4 14 13.20 4* 10.77 33.68
.45 20.87 10.91 ** 16.94 30.93
.50 18.82 8.93 ** 14.50 28.71
.55 17.16 7.44 ** 12.62 26.89
.60 15.82 6.25 •* 11.08 25.38
.65 14.72 5.31 ** 0.83 24.12
.70 13.81 4.56 4* 9 .9]. 23.07
.75 13.09 3.97 4* 7.08 22.19
.80 12.49 3.51 *4 7.30 21.44
.8c 11.9° 3.17 *4 6.76 20.82
.90 11.61 2.01 ** 6.33 20.30
.95 11.30 2.74 ** 5.09 19.87

1.00 1z.U7 2.63 *4 5.73 19.52
1.20 10.60 2.69 ** 5.33 18.69
1.440 10.91 3.2 7 ~~* 5.61 18.54
1.6n 11.~~° 4.16 *4 6.32 18.83
1.80 14.32 5.21 ** 7.29 19.142
2.00 13.30 6.37 4* 9.44 20.23
2.20 14.38 7.58 4* 0.71 21.19
2.40 15.54 9.92 11.06 22.26
2.60 16.714 10.07 12.46 23.42
2.80 17.97 11.32 13.00 24.62
3.00 19.22 12.58 15.35 25.86
3.20 20.49 13.94 16.91 27.12
3.40 21.7k 15.09 19.27 28.39
3.60 23.00 16.35 10.74 29.65
3.80 24.25 17.60 21.19 30.90
4.00 25.50 19.95 22.63 32.14
4.20 26 .73 20.10 24.06 33.36
4.40 27.95 41.34 25.48 34.57
4.60 29.16 22.58 26.88 35.75
4.80 30.36 43.80 29.27 36.92
5.00 31.55 25.01 29.64 38.08
5.20 32.72 26.20 31.00 39.23

~ 



tTHAI OUM—2 18.0 iN. U.h. 4.0 II~. 1HJCI ( —20.0 TEMPERATURE

STA 1IC STRESS UFCELFRMTION (0)
V p~~ 10CC LOwE R— P MODFL ‘JPPE~ —P

.05 212.9° 191.74 193.03 234.25

.10 144.29 143.39 129.43 165.16

.15 11u.54 90 .fl]. 97.07 131.07

.20 89.~~0 o9.31 77.70 109.68

.25 74,87 514,98 64.32 94.67

.30 63.91 44.40 514.46 93.43

.35 55.’eU 36.25 46.97 74.63

.40 48.66 20.78 40.95 67.54

.45 43~ jfl 24.53 35.07 61.68

.50 38.47 20.19 31.04 56.76

.55 34.57 16.57 29.57 52.56

.60 31.23 13.51 25.72 48.95

.65 2b.i~ 10.90 23.30 45.80

.70 25.bc 9 .66 21. 22 43.05

.75 23.87 6.73 10.142 40.62

.80 21.76 5.05 17,87 38.46

.85 20.07 3.59 16.52 36.54

.90 18.57 2.32 15.35 34.82

.95 17.24 1.20 14.32 33.28
1.00 18.06 .23 13.43 31.90
1.20 12.49 — — *4 10.86 27.59
1.40 10.21 — — *~~ 0.44 24.72
1.60 8.70 — — 4* 8.77 22.84
1.80 7,99 — — 4* 8.60 23.67
2.00 7.50 — — *4 8.79 21.03
2.20 7.51 — — 4* 0 .24 20.78
2.40 7.67 — — ** 9.P7 20.84
2.60 8.02 — — ** 10.65 21.13
2.80 8.50 — — 4* 11.54 21.59
3.00 9.U~ — — ** 12.51 22.19
3.20 9.77 — — 4* 13.54 22.88
3.40 10.52 — — 14.62 23.65
3.60 11.32 — — 15.73 24.46
3.80 12.17 — — 1€~.R7 25.31
4.00 13.05 — — 18.03 26.18
4.20 13.96 .87 1°.2u 27.06
4.40 14.90 1.84 20.38 27.95
4,60 15.814 7.84 21.57 28.85
‘4.80 16.81 3.86 22.76 29.76
5.00 17.79 4.98 23.05 30.68
5.20 18.76 5.99 25.14 31.62

I
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ETHA FOMM—2 18.0 iN. U.H. 1.0 IN. IHIC K 110.0 TLMPFRATURE

STA 1IC STRESS UFCELENATTON (0)
PSI 10CC LOWER—P MODFL UPPER—P
.0~ 107.87 75.79 4* 124.41 139.55
.111 64.1~ 32.83 *4 76 .95 05.47
.15 4?.2~ 16.47 ** 57.06 78.02
.20 39.09 8.814 *$ 49.54 69.32
.25 34.914 ~.22 4* 43.52 64 .66
.30 32.97 3.76 *4 40.00 62.IQ
.35 32.31 3.58 4* 30.72 61.03
.41) 32.47 4.22 4* 30 .47 60.71
.45 33.L P 5.40 *4 30.84 60.95
.5(1 34 .26 6.03 4* 40.64 61.59
.55 35.61 8.72 4* 41.75 62.50
.60 37.1~ 10.68 $* 43 .08 63.62
.65 38.82 12.76 *4  44.57 64.88
.70 40.59 14.02 4* 46.18 66.25

V .75 42.42 17.13 *4  47.98 67.70
.8 11 44.30 1 .38 *4 40.63 69.22
.85 4o.21 21.65 *4 51.144 70.77
.90 48.14 23.02 *4 53.28 72.37
.95 50.0° 26.19 *4  55.13 73.90
1.00 52.03 49.45 *4 57.oo 75.62
1.20 59.77 37.30 ** 64.50 82.25
1.41) 67,31 45.74 71.88 98.89
1.61) 74.59 53.72 79.04 95.44
1.80 81.56 61.23 85.05 101.89
2.00 88.26 89.31 92.60 108.20
2.20 94.89 714.09 90.00 114.37
2.40 10u.8~ 81.31 1 05.16 120.39
2.60 106,79 87.31 111.10 126.24 V

2.80 112.40 93.05 116.82 131.93
3.00 118,00 99,54 122.35 137.45
3.20 123.31 103.84 127.69 142.79
3.40 128,45 109.05 132.96 147.96
3.60 133.43 113.01 137.87 152.95
3.80 138.2~ 119.73 142.73 157.77
4.00 142.93 143.43 147.45 162.42

V ‘4. 20 147.47 128.02 157.03 166.92
4.40 151.80 132.50 156.149 171.27
4.60 156.1° 136.88 160,94 175.49
4.80 160.37 141.15 165.07 179.60

164.45 145.30 160.20 183.60
5.20 168.47 140.33 173.22 187.53

1
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LTHAFOM M—2 24.0 IN. U.h. 1.0 IN. THICK 20.0 TEMPFNATURE

STATIC ~TRESS UECFLFHATTON (0)
PSI irJt.C LOwER—P MODEL UPPER—P
.05 440.88 205.73 4* 215.08 276.02
.1(1 144,40 100 .99 *4 120.30 178.92
.15 102.80 60.00 *4 93.13 136.79
.20 80.12 46.93 4* 73.74 113.41
.25 66.29 33.58 4* 62.29 98.98
.30 57.44 25.32 ** 55.26 99.56
.35 51,71 20.15 *4 50.05 83.27
.~40 ‘48.03 17.1)2 4* 48.42 79.04
.45 45.79 15.31 *4 47.12 76.26
.50 44.55 14.60 *4 46 .70 74.51
.55 44,00 14.63 •* 46 .o2 73.54
.60 44.10 15.23 *4 47.62 73.15
.65 44.7~ 16.75 4* 48.69 73.22
.70 45.62 17.59 4* 50.03 73.64
.75 46.77 19.20 *4 51.59 74.35
.80 48.14 21.00 4* 53.33 75.28
.85 49.68 22.96 ** 55.19 76.41
.90 51.36 25.04 *4 57.17 77.68
.95 53,jS 27.21 4* 5°.72 79.08
1.00 55.07 29.146 4* 61.34 80.59
1.20 63.13 38.92 *4 70.71 87.34
1.40 71.72 49.63 4* 70~ 35 94.80
1.60 90.414 58.26 88.47 102.62
1.80 89.13 67.66 97.44 110.60
2.00 07,69 76.75 106.21 118.64
2.20 108.08 85.51 114.75 126.65 -
2.4(1 114.26 93.94 123.04 134.58
2.60 122.24 102.06 131.08 142.42
2.80 13U.U1 100.01 139.89 150.11
3.00 137.57 117.49 146.148 151.65
3.20 1144.94 144.95 153.84 165.02
3.40 152.11 132.00 160.09 172.21
3.60 159.10 139.98 167.05 179.22
3.80 165.91 145.78 174.72 186.03
4.01) 172.55 152.44 181.32 192.66
‘4.20 179,03 159.06 187.74 199.11
4,40 195.36 185,34 194.01 205.38
‘4 .60 191.54 171.60 200.12 211.49
‘4.80 197.50 177.72 206.09 217.46
5.00 203.50 163.71 211.03 223.29
5.20 209.29 169.55 217.63 229.02
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~.THAFOMM— 2 24.0 iN. ().h. 2.0 TN. IHICK 160.0 TEMPERATURE

STATIC STRESS LJFCELERATTON Cr,)
PSI 10CC LOWER—P P~O0FL UPPER— P
.05 83.37 59.99 4* 87.75 106.86
.10 53,35 30.30 4* 45.76 76.40
.15 41.17 18.55 4* 37.26 63.80
.20 34.9~ 12.74 *4  33.15 57.16
.25 31.50 ~ .69 *4 31.08 53.30
.30 29.57 9.17 ** 30.10 50.98
.35 28.57 ~~~~ ** 29,78 49.60
.40 28.17 7,53 *4 29.87 48.82
.445 28.19 7.90 ** 30.24 48.46
.50 28,47 8.54 *4 30. 90 148.39
.55 28.96 9.38 *4 31.149 48.53
.60 29.80 10.3b ** 32.28 48.84
.65 30.3~ 11.44 ** 37.13 49.26
.70 31.19 17.59 4* 34 .04  49.78
.75 32.08 13.79 *4 34.07 50.37
.80 33.02 35~ fl3 4* 35,03 51.02
.85 34.00 16.29 4* 36.00 51.71
.90 35.u0 17.57 4* 37.99 52.43
.95 36.0? 19.95 ** 39.88 53.19

1.01) 31.06 20.14 4* 30.97 53.97
1.2n 41.25 25.25 4* 43.80 57.24
1.40 45.42 30.19 4* 47.64 60.65
1.60 49~40 34.88 51.33 64.11 V

1.80 53.45 30.31 54.88 67.59
2.00 57.27 43.48 58.28 71.06
2.20 60.96 47,42 61.54 714.50
2.40 64.52 51.14 614.67 77.90

P1 2.60 67.95 54.66 67.68 81.24
2.80 71.27 58.03 7(1.58 84.52

V 3.00 74.48 61.25 73.38 87.72
3.20 77,50 84,35 76.08 00.63
3.40 90.80 67,35 78.68 03.85
3.60 83.52 70.26 81.21 96.78
3.80 86.35 73.10 83.66 99.61
4.00 89.11 75.87 86.03 102.35
4.20 01.7° 78.57 88.33 105.00
4.40 04,4fl 81.22 90.58 107.57
4.60 96.94 83.92 92.76 110.06
4.80 99.441 86.35 94.88 112.48
5.00 101.83 88.81 96.05 114.85
5.20 104.1° 91.20 98,07 117.19
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F ETRAFO MM—2 30.0 iN. 0.h. 4.0 IN. THICK —6~~.0 T~MPFRATUR~

STATIC STRESS LJECELERATION (0)
PSI 10CC LOW ER—P MODEL UPPER—P
.05 489.83 205.J9 283.00 314.46
.10 196.00 111.91 191.27 220.19
.15 150.06 126.31 146.03 173.82

121.49 98.14 117.04 144.81
.25 101.50 78.6? 99.44 124.52
.30 86.83 64.31 83.99 109.35

75.3° 53.26 72.91 97.52
.40 66.25 44.51 63.00 88.00
.45 58.7° 37.42 56.64 80.16
.50 52.58 31.58 50.61 73.59
.55 47,35 26.70 45.54 68.01
.60 42.90 22.59 41.23 63.21
.65 39.07 10.09 37.54 59.04
.70 35.75 16.10 34.35 55.40
.75 32.86 13.52 31.5? 52.20
.80 3u.~~3 11.30 29.15 49.37
.85 28.11 9,37 27.03 46.85
.90 26.1~ 7.69 25.17 44.60
.9~ 24.41 6.23 23.52 42.59

1.01) 22.87 4.98 4* 22.07 40.79
1.20 18.27 1.30 *4 17.77 35.23
1.40 15.41 — — *4 15.18 31.58
1.60 13.11 — — ** 13.70 29.22
1.80 12.81 — — *4 12.09 27.60
2.00 12.47 — — ~~* 17.93 27.07
2.20 12.b~ — — *4 13.07 26.87
2.40 12.94 — — 4* 13.61 27.07
2.60 13.56 — — *4 14.37 27.57
2.80 14.37 .43 ** 15.30 28.31
3.00 15.33 1.42 ** 16.37 29.24
3.20 16.3° 2.149 17.~~’ê 30.29
3.41) 17.54 3.64 18.90 31.44
3.60 18.17 4.86 20.11 32.67
3.80 20.04 6.14 21.14*3 33.94
‘4 .00 21.36 7.48 22.99 35.24
4.20 22.71 8.88 2L4.32 36.56
14.41) 74.0° 10.79 25.78 37.90
4.60 25.4° 11.714 27.25 39.25
‘4.80 26.91 13.21 28.73 40.60
5.00 28.33 14.69 30.23 41.97
5.20 29.76 16.lb 31.72 43.36
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~.T hAFOuM—2 30.0 iN. U.h. 1.0 IN. THIC K 160,0 TEMPERATURE

STATIC STRESS UFCFLFHATTON (0)
PSI 10Cc LOWER—p MODFL UPPER—p
.05 10*3.94 85.69 ** 95 .3 5 152.19
.10 82.21 i°.72 4* 71.68 124.71
.15 76.15 34.40 4* 67.32 117.90
.20 76.13 35.10 4* 68.47 117.15
.25 78.56 39.24 4* 71.79 118.88
.30 92.13 42 .50 *4 76.08 121.77
.35 86.27 47.30 *4 80.91 125.24
.40 90.bP 52.36 ** 85.73 129.00
.45 95.20 57.52 ** 90.69 132.89
.50 99.7~ 62.68 *4 95.63 136.83
.55 104.28 67.80 4* 100.51 140.77 V

.60 108.76 72.95 4* 105.30 1414.67

.65 113.16 77.91 *4 110.00 148.52

.70 117.40 82.67 *4 114.58 152.30

.75 121.77 87.42 *4 119.06 156.02

.80 125.87 92.07 ** 123.44 159.67

.85 129,97 96.61 ** 127.71 163.25

.91) 133.90 101.04 *4 131.98 166.77

.95 137.70 105.37 *4 1.35. 05 170.21
1.00 141.50 100.59 *4 130.93 173.59
1.20 156.03 125.53 *4  154.08 1R6.52
1.40 169.314 140.08 168.81 198.61
1.60 181.70 153.40 181.61 210.01
1.80 193.24 165.16 193.53 220.82
2.01) 204.07 177.01 204.69 231.13
2.20 214.27 187.56 215.20 240.99
2.40 223.9~ 197.42 225.13 250.44
2.60 233.10 206.69 234.54 259.51
2.80 441.814 215.46 243.51 268.22
3.00 250.19 223.79 252.06 276.57
3.20 258.19 231.75 260.25 284.60
3.’40 265.85 230 .39 269.10 2 2.30
3.60 473.22 246.74 275.64 209.70
3.80 490.33 253.95 287.01 306.81
4.00 297.10 260.74 280.01 313.64
4.20 493.81 287.42 296.68 320.20
‘4 .40 300.23 273. o3 303.23 326. 53
‘4.60 31)8,45 280.25 309.~ 8 332.65
‘4.80 312.49 286.39 315.73 338.57
5.00 318.34 292.34 321.70 344.33
c.20 324.03 298.10 327.51 349.97
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- I

ETHAFOAM 4 MODEL VALIDATION

I MICOM Report No. RL-CR-75-4 131 developed individual dynamic cushioning

cu rves, 61 out of 72 being statisticall y significant at an alpha level of .05. The

majority of the statistically insignificant equations occurred at the low tem perature

I extremes and a 4” cushion thickness, where an inflection in the desi gn curve could

not occur due to stress level limitations associated with the experimental equipment .

The model validation for Ethafoam 4 followed the same procedure developed

I for the Minicel material . Table 3 presents the coefficients and variabl es for the

Ethafoom 4 model .

Seventy two different combinations of drop height, temperature, and cushion

I thickness were evaluated. Three of these combinations could not achieve the

I criteria established for model validation . On page 75, it is noted that the first case

contains onl y one point which is outside the prediction limits for the significant

portion of the design curve. This case is similar to the 8 cases associated with

Ethafoam 2; the static stress level is .05 psi, and is welt removed from the minimum

model C value. Consequently, it is not considered to effect the model vol idation —

- in a signficant fashion. The remaining two cases are much more important, since

the deviant points are of a similar magnitude to the model minimum value. Howeve r,

sufficient points are within the prediction limits to pemlit use of the model at the

minimum C-level .

The remaining 69 combinations were all acceptable based upon the established

validation criteria. In addition, 52 of the 69 remaining combinations were within

the prediction limits for the entire static stress range considered. Selected samples

of these combinations are shown on pages 78 through 85.
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TABL E 3

ETHAFOAM 4 MODEL

Variable Co ffici.nt- I e e 2 
~ h1

~
2 1~~”~ T

3”
~ (~~~~~~) 

( )
2

0 32 .9L~ 823
.~ ‘4 U.IL?19/ X X

4 U~’0 X X X
V - .. u.0 x x x

0.0 ), x X
-~ 1.b~ bc-ui X A X X

X A X x
/ �i6.4 iUc .~l X X X
~ 

Jj .44aj~~U X X X
0.0 x x x x

1.~ 0 .0
X X X

1~- u.0 x x A
1.... 0 .0 X A X
14 ~~~~~~~~~ X X X
he — 1.Juu~~u3’. A X A
he —,1.7~~1u’~~ X A X
1/ 3.~~~~i i~~iY X A X X

0.5~ 31~~ t,2 X A X x
1’ u.0 X X

u.0 X X X
21 0.lL1U .e9t)c~. X X X
2~.. — U . 9t1.et- U x A X
2~d — 0.3..~4~ 30~ o X A X X
24 0.0 X A X A

j .2..1.LeLe 4 A A X
2~ o.0 X A X X
2 /  —0.0~~~i4u (32 X A X A

~~ —~~b3.1~~1..i X X
25 1.~~.4Lil~ X X X
,5& ~~ 1.&~L~ 9b 

)( X x
3~ /2 .lt .6(4 X x
3... ~5.1~ 4te7b X X X
3.- iJ.0 x x x
3’. — ‘+.1’.3~ U’~,’ X X

0.0 A X X
0.iL~7Ace~., X A
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L1I4AF UAM—4 24.0 IN. U.h. 2.0 IN. THICK 110.0 TEMPFRATURE

STATIC 5TRLSS UECFLERATTON (01
PSI 10CC LOwER—P frODF’L tIPPER—P
.05 125.40 105.13 ** 152.04 * 1145.85
.10 80.97 61.03 ** 96.38 100.91
.15 60.83 4 1.31 ** 70.48 90.36
.20 49.10 30.08 ** 55 .3j 68.31
.25 41.67 22.06 ** 45.39 60.38
.30 36.51 19.19 *4  38.47 54.83
.35 32.83 14.90 *4 33.~~6 50.76
.40 30. 1~ 12.6 1 *4  20.73 47.70
.45 28.19 11.02 4* 26.03 45.35
.50 26.73 0~94 4* 24.80 43.53
.55 25.69 Q .2’4 *4  23.18 42.11
.60 24.92 8.R’+ 4* 21.05 41.00
.65 24.41 8.98 *4 21.04 40.13
.70 24.09 p .69 *4 20 .38 39.146
.75 23.90 8.95 *4 10.03 38.95
.80 23.86 9.1’4 4* 10.65 38.58
.85 23.91 9.51 *4 10.50 38.31
.90 2~~.U5 9.07 ** 1 .47 38.13
.95 2’4 .27 j f l.l~9 ** 1Q.54 38.04
1.00 24.54 11.07 ** 19.69 38.01
1.20 26.08 13.74 *4 20.02 38.141
1.40 28.07 16.75 ** 22.80 39.39
1.60 30.30 19.98 4* 25.05 ‘40.72
1.80 32.66 23.01 4* 27.50 42.31
2.00 35.0° 46.08 30.08 4 14.09
2.20 37.53 20.06 3 .72 46.01
2.40 39.98 31.o1 35.39 48.04
2.60 42.40 34.65 38.05 50.15
2.80 1414.80 37.26 40.71 52.33
3.00 47.16 30.77 43.34 54.55
3.20 49~~40 42.18 45.04 56.79
3.40 51.77 44. 51 48.50 59.03

V 3.60 54. 01 ‘+6.77 51.03 61.26
3.80 56.21 48 .97 53.51 63.145

- 

- 

‘4.00 58.37 51.114 55.96 65.61
4.20 60.4° 53.26 59.36 67.72
4.40 62.57 55.35 60.73 69.79
4.60 64.61 57.42 63.05 71.81
4.80 66.61 59.45 65 .344 73.78
5.00 68.58 61.45 67.59 75.71
5.20 70.51 83.41 60.80 77.61

I

I
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IT HAF UAM—4 18.0 iN. U.H. 4.0 TN . lI-4 1CK 70 .0 ThMPFNATURE

STATIC ~TRLSS LJF~CELFR ATTON (0)
PSI 10CC LOwFR—P MODFL t IPPER—P
.05 150.85 142.76 130.17 * 159.44
.10 106.37 97.95 96.08 * 11’+.78
.15 8’+.25 76.01 76.23 92.49
.20 70.31 02.24 63.28 78.38
.25 60.’40 52.59 54.74 68.39
.30 53.12 45.39 47.51 60.86
.35 47.34 39.77 ‘47.28 54.91
.40 42.67 35.26 39.09 50.09
.4 5 38.82 31.56 34.65 46.07
.50 35.57 29 .47 31.79 42.67
.55 32.60 25.96 20.76 39.75
.60 30.41 23.62 27. 29 37.21
.65 28.33 2 1.68 25.51 34.98
.70 26.51 20.00 23.05 33.01
.75 24.90 19.53 22.59 31.26
.80 23.46 17.24 21.40 29.69
.85 22.19 16.09 20.34 28.27
.90 21.04 15.08 10.41 26.99
.95 2u.ufl 14.17 19.57 25.83
1.00 19.07 13.37 17.93 74.77
1.20 16.17 10.90 15.57 21.36
1.40 14.10 9.29 14.12 18.90
1.60 12.67 9.24 13.21 17.10
1.80 11.69 7.57 ** 12.66 15.78
2.00 10.90 7.15 ** 12.38 14.83
2.20 lu.54 6.02 ** 12.30 14.16
2.40 10.26 6.92 *4 12.36 13.71
2.60 10.13 6.91 *4 12.54 13.45
2.80 10.11 6.98 *4 12.90 13.33
3.00 lu.17 7.00 *4 13.13 13.34
3.20 10.30 7.17 4* 13.52 * 13.44
3.40 10.50 7.38 *4 13.05 * 13.61
3.60 10.714 7.63 ** 14.42 * 13.85
3.80 11.07 7.92 ** 14.91 * 14.12
4.00 11.33 R.23 15.43 * 14.144
4.20 11.69 9.57 15.97 * 114.78
4.40 12.U’~ 9.05 16.52 * 15.13
14.60 12.42 0.34 17.08 * 15.51
4.80 12.62 0.75 17.65 * 15.89
5.00 13.214 10.18 19.22 * 16.29
5.20 13.6A 10.62 19.90 * 16.70

I
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EIHAFUA M—4 24.0 iN. U.h. 4.0 IN. THICK 70.0 TEMPFRATURE

STATIC STRESS DECELEN A TTON (0)
PSI 10CC LOWFH—P I~ODFL UPPER—P
.05 175.12 183.63 161.94 * 186.62
.10 121.41& 110.18 110.02 * 132.69
.15 94.90 83.06 84.96 106.01
.20 78.44 b7.f,4 60.32 89.23
.25 68.87 56.30 59.58 77.444
.30 58.27 ‘47.99 50.66 68.58
.35 51.51 ‘+1.38 ‘44.57 61.64
.40 46.17 36.20 30 ,73 56.03
.45 41.bO 31.99 35.91 51.39
.50 37,90 29.49 32.57 47.48
.55 314.8~ 25.56 29.86 44.15
.60 32.17 23.07 27.57 41.26
.65 29.8~ 20.95 25.62 38.74
.70 27.87 19.12 23.95 36.53

26.05 17.cj 22.51 34.56
.80 24.40 16.15 21.26 32.82
.85 23.10 14.95 20.17 31.25
.90 21.87 13.oO 10.22 29.85
.95 20.79 12.97 19.40 28.58
1.00 19.60 17.16 17.68 27.43
1.2n 16.79 9.79 15.60 23.78
1.40 14.82 9.39 ** 14.145 21.24
1.60 13.54 7.61 ** 13.90 19.46
1.80 12.714 7.2’4 ** 13.76 18.24
2.00 12.20 7.15 ** 11.90 17.42
2.20 12.00 7.25 ** 14.25 16.93
2.40 12.00 7.48 ** 14.75 16.70
2.60 12.27 7.79 ** 15.37 16.67
2.80 12.40 8.18 ** 16.07 16.81
3,00 12.85 9.91 ** 16.84 17.09
3.20 13.27 0.08 ** 17.66 * 17.46
3.40 13.76 0.59 ** 19.52 * 17.92
3.60 14.2° 10.13 10.40 * 18.145
3.80 14.86 10.71 20.31 * 19.01

15.46 11.31 21.24 * 19.61
4.20 16.00 11.014 22.17 * 20.24
4.40 16.73 12.59 23.11 * 20.87
‘4.60 17.40 13.27 24.06 * 21.52
4.80 18.07 13.06 25.01 * 22.18
5.00 18.76 14.67 25.96 * 22.84
5.20 19.45 15.38 26.01 * 23.52

$

77

V _



_ _ _  _ _ _  ‘V- V-‘V .’-  -

E.THAFuAP’—4 12.0 IN. O.b, 1.0 IN. THICK —65.0 TLMPFRATURE

STATIC STRESS UELELFHATTON (6)
PSI 10CC LOwER—P ~0DFL UPPER—P
.05 263.60 200.45 284.11 326.75
.10 195.25 133.30 204.99 257.21
.15 160.84 99.87 165.214 221.41
.20 138,48 79.87 140.10 198,09
.25 122.67 64.21 122.32 181.14
.30 110.64 53.30 108.89 167.98
.35 101.10 ‘44.87 99.33 157.33
.40 93.20 38.lb 89.75 148.44
.45 86.76 32.69 82.63 140.84
.50 81.21 28.19 76.61 134.23
.55 76.4 1 24.42 71.45 128.40
.60 72 .22 21.25 66.99 123.20
.65 66,53 18.56 63.08 118.51
.70 65,25 16.25 50.63 114.26
.75 62.32 14.28 56.57 110.36
.80 59.68 12.57 53.83 106.79
.85 57.29 11.10 51.38 103.48
.90 55.12 9.83 49.16 100.41
.95 53.14 8.72 47.16 97.55
1.00 51.32 7.77 45.34 94.88
1.20 45.39 5.06 39.51 85.71
1.40 40.99 3.57 35.37 78.41
1.60 37,84 2.79 32.35 72.50

V 
1.80 35.05 2.42 30.14 67.68
2.00 33.01 2.27 28.51 63.76
2.20 31.40 2.22 27.32 60.58
2.40 30.12 2.19 26.48 58.05
2.60 29.11 2.15 25.90 56.06
2.80 28.30 2.06 25.54 54.54
3.00 27.67 1.93 25.35 53.441
3.20 27.19 1.78 ** 25.31 52.60
3.40 26.82 1.61 ** 25.38 52.03
3.60 26.56 1.46 ** 25.55 51.66
3.80 26.39 1.33 ** 25.79 51.44
4.00 26.28 1.25 ** 26.11 51.32
4.20 26,25 1.23 ** 26.49 51.27
4.40 26.26 1.26 ** 26.01 51.27
4.60 26.33 1.37 ** 27.38 51.29
4.80 26.44 1.54 ** 27.88 51.34
5.00 26.59 1.76 ** 28.41 51.40
5.20 26.76 2.03 ** 29.97 51.49
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L1I4AFUA I~—’4 12.0 IN. U.H. 2.0 IN. TH ICK 70 .0 TLMP~ F4A TURE

ST~~lIC STRESS L.iECELFHA ITON (0)
PSI 10CC LO~ F~~—P I’OOFL u PPER—P
.05 151.10 133.79 139.05 168.59
.10 101.59 b~4 .53 96.06 118.63
.15 77.53 00.82 76.15 04.23
.20 62.89 46.34 63.07 79.04
.25 52.44 36.41 57.88 68.446
.30 44 .8 0 

~
Q.2U 47.01 60.58

.35 39.00 23.72 41.63 544.46

.40 34.40 10.44 37.79 49.54

.45 30.77 16.03 33.72 ‘45.50

.50 27.70 13.27 30.72 ‘42.13

.55 25.13 11.00 29.~~7 39.26

.60 22.97 Q .14 25.07 36.80

.65 21.13 7.58 24.07 34.67

.70 19.55 6.29 22.40 32.81

.75 18,1° ~.21 20.93 31.17

.80 17.01 4.30 ** 19.63 29.73

.85 16,00 3.55 ** 1R.U7 28.45

.90 15.11 2.92 ** 17.43 27.30

.95 14.34 2.40 ** 16.50 26.28
1.00 13.67 1.97 ** 15.67 25.36
1.20 11.76 .97 ** 13.05 22.54
1.40 10.72 .74 ** 11.78 20.69
1.60 10.25 .97 ** 10.07 19.52
1.80 10.16 1.seb ** 0.25 18.84
2.00 10.35 2.15 ** 8.72 18.55
2.20 10.73 2.91 ** 8.40 18.54
2.40 11.2~ 3.73 ** 9.24 18.78
2.60 11.80 4.57 ** 8.21 19.20
2.80 12.60 5.42 ** 9.28 19.77
3.00 13.37 6.28 8.U2 20.46
3.20 1 4 SV L C 7 .15 8.63 21.23
3.40 15.04 8.02 8.99 22.07
3.60 15.92 8.90 9.19 22.95
3.80 16 .432 0.~~U 9.52 * 23.85

17.lti 10.71 9 .99 * 2’4.76
4.20 18.66 11.614 10.28 * 25.68
4.40 19.50 12.58 10.68 * 26.60
4.60 20.53 13.514 11.11 * 27.51
4.80 21,46 114.50 11.54 * 28.442
5.00 22.40 15.47 11.99 * 29.32
5.20 23.33 16.43 12.45 * 30.23

I
79

~~~
- 

I



_____________________________________ -‘V.’.-

- 

V ~~~~~~~~~~~~~~~~~ ‘~~~~ V - - -‘

LTHAF UAM— 4 18.0 iN. U.h. 4.0 IN. THICK — 20.0 TEMPFRATURE

ST A TIC STRESS tJ FCELEHATTON (0)
PSI 10CC LOWFR—p frODFL UPPER—P
.05 2043.66 175.s7 221.643 237.74
.10 160.2° 140.79 164.59 190.80
.15 135.92 105.98 135.44 165.87
.20 119.86 90.48 116.65 149.25
.25 108.11 79.27 103.36 136.95
.30 98.96 70.943 92.94 127.26
.35 91.b~ 63 ,743 84.6 1 119.32
.44 0 95.36 59.11 77.94 112.62
.45 90.00 53.34 72.15 108.84
.50 75.52 ‘~~.27 67.29 101.77
.55 71.5fl 45 ,74 63.0 7 97.26
.60 67.97 142.65 50 ,37 03.21
.65 64. 73 3Q .92 56.09 99.54
.70 61.84 37.49 51.17 86.19
.75 59.21 33.30 50.54 93.11
.80 56.80 33.33 149.16 80.26
.85 54. 59 31.55 46.09 77.62
.90 52.53 20 .92 44.0 2 75.15
.95 50.67 29.42 47.21 72.84

1.00 48.86 ~~~~~ 40.34 70.67
1.20 42 .84 22,51 35.02 63.16
1.40 38.06 10 .05 30.95 57.07
1.60 34.16 16.29 27.60 52.03
1.80 30.91 14.01 25.01 47.80
2.00 28.14 17.05 2 .02 44.22
2.20 25.75 10,32 21.21 41.19
2,40 23.437 9.74 19.80 38.60
2.60 21.84 7.29 19.63 36.39

- -. 2.80 2u.21 5.04 17.66 34.49
3.00 18.76 4.66 16.95 32.86
3.20 17,46 3,47 16.17 31.45
3.40 l~~.2P 2.35 15.60 30.21
3.60 15.21 1.30 15.13 29.11
3.80 14.23 .34 14.75 28.13
‘4.00 13.314 — — 14.43 27.24
‘4.20 12.53 — — ** 14.18 26.42

J ‘4 .40 11.77 — — ** 13.98 25.65
4.60 11.0R — — ** 13.92 214.93
4.80 10.44 — — ** 13.71 24.25
5.00 9.84 — — ** 13.64 23.60

3 5.20 9.20 — — ** 13.60 23.00

I
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ITH A F UAW— 4 16.0 IN. J.h. 1.0 IN. 1HTCK 110.0 TEMPFRATURE t
STA T IC STRESS UFCFLFNATION (0)

PSI 10CC LOW FR—P frODFL ‘uPPER—P
.05 149.62 129.93 *$ 156 .51 170.30
.10 ~b.20 75.9 5 ** 97.Uq 116.45
.15 72 .61 52.78 ** 71.69 92.44
.20 59.30 iO .p9 ** 57.36 78.71
.25 50.94 31.944 ** 49.49 69.94
.30 45.39 26.78 ** 42.71 63.97
.33 41.57 23.37 ** 39.94 59.76
.40 343 .93 1.12 ** 36 .25 56.73
.45 37.11 19.68 ** 34.55 54 .53
.50 35.89 19 .84 ** 33.50 52.93
.55 35.11 18.43 ** 32.92 51.78
.60 34 .67 18.35 ** 32.70 50.99
.65 34 . 50 18.53 ** 32.77 50.46
.70 3’e.53 1~~~g4 ** 33.06 50.15
.75 3’+.74 19 .4b ** 33.52 30.01
.80 35.09 2~~.13 ** 34 .13 50.02

35.52 20.90 ** 34.94 50.15
.90 3~~.u6 4 1.76 ** 35.65 50.37
.95 3b,439 42.68 ** 36 .53 50.68

1.00 37.35 3.95 ** 37.118 51.05
1.20 40. ’+P 27.90 ** 4 1.68 53.06
1.40 44.02 32.43 ** 46.243 55.61
1.60 ‘47 .75 37.01 ** 50.98 58.48
1.80 51.511 41.53 55 .73 61.56
2.00 55.314 145.92 60 .144 64.77
2.20 59.11 50.15 65 .08 68.07
2.40 62.6 2 54.21 60 .64 71.143
2.60 66.46 58.10 74.09 74 .83
2.80 70.03 43 1.83 79.43 * 78.24
3.00 73.57 05.42 82.6 7 * 91.64V 

3.20 7b.94 68.98 86.9 1 * 85.01
3.’40 90.29 72 .23 90 .p5 * 88.34
3.6fl 93.55 ‘/5 .49 94.79 * 91.60
3.80 R~~.7ü 79 .67 99,93 * 04.80
4.00 81.79 102.39 * 07 .93
4. 20 92.91 84.84 106.05 * 100.98
4 .40 95.90 87.95 100 .94 * 103.95
‘4.60 98.82 90 .79 113.14 * 1043 .85
‘4.80 10 1.439 93.69 116. 57 * 109.67
5.09 104.40 96.53 110.03 * 112.’+4
5.20 107.23 90 .31 123.71 * 115.16

1
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ETHAFUAPd— 4 24.0 IN. U.H. 1.0 IN. IHICK 20.0 TEMPFRATURE

STuTI C cT R4.55 UFCFLEHAT ION ((3)
V 

PSI 10CC L0~ F’H—p WOOFL UpPER—P
.05 2643.65 216.~~5 ** 300.33 320.74
.10 172.37 121.343 ** 180.09 223.38
.15 l243.4~ 78.31 ** 139.75 178.20
.20 102.41 53.51 ** 109.56 151.31
.25 85.49 37.61 ** 89.18 133.35
.30 73.69 26.91 ** 75.71 120.54
.35 65.11 19.24 ** 435. 07 110.98
.41) 58.7~ 13.95 ** 59.77 103.64

V .45 53.911 10.01 ** 53.36 97.88
.50 50.20 7.79 ** 40.26 93.29
.55 47.51 5.43 ** 46.19 99.59
.60 ~45.4fl 4.23 ** 43.89 96.58
.65 43.8~ 3.54 ** 47.19 94.13
.70 42.60 3.26 ** 40.°8 92.12
.75 141.90 3.32 ** 40.18 80.48
.80 41.40 3.64 ** 30.70 79.15
.85 41.17 4.143 ** 39.49 78.08
.90 41.06 4.00 ** 3°.~~1 77.22
.95 41.16 3.77 ** 30.73 76.56

1.00 41.41 6.76 ** 40.10 76.05
1.2n 43.411 i1.~~9 ** 42.79 75.29
1.4fl 46.59 17.19 ** 46.72 75.96
1.60 50.3~ 43.99 ** 51.36 77.60
1.80 5’+.’~P 20.03 ** 56.39 7J.94
2.00 58.83 34.84 61.65 82.81
2.20 63.29 14fl.~~5 67.02 86.11
2.40 67,79 45.92 72.42 99.74
2.60 72.29 50.94 77.82 93.63
2.80 70.77 55.94 83.19 97.70
3.00 91.21 60.53 89.50 101.90
3.20 85.61 b5.04 93.74 106.17
3.140 89.94 60.42 99.°1 110.46
3.60 94.21 73.70 104.00 114.73
3.80 98.42 77.89 100.00 118.94
4.09 102.56 87.03 111.93 123.09
4.20 106.02 86.11 119.76 127.14 

V
4.40 110.63 ~fl.1b 123.52 131.09
4.60 ilq.56 94.16 128.19 134.95
4.80 118.4’ 99.12 132.78 138.73
5.00 122.23 102.02 137.29 142.44

U 5.20 125.97 105.93 141.73 11443.11

I
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L fl4A F0A M 4 24.0 IN. 0.h. 2.0 IN. THICK 160.0 TEMPFRATURE

STATIC STRESS U~ CFLER ATT0N ((3)
PSI 10CC LO~ Ek—P frOOFL UPPER—P

103.10 00.32 ** 102.98 145.89
.10 62.’4O 20.5 43 ** 64.72 104.39
.15 45.27 4.18 ** 49.24 96.26
.20 35.89 — — ** 3°.15 76.06
.25 30.20 — — ** 33.60 69.63

F .30 2o.b0 — — ** 30.03 65.32
.35 24.61 — — ** 27.69 62.32
.40 23.27 — — ** 26.17 60.18
.45 22.52 — — ** 25.21 58.65
.59 22.1° — — ** 24.67 57.55
.55 22.17 — — ** 24.~~2 56.78
.60 22.39 — — ** 24.’31 56.26
.65 22.77 — — ** 24.57 55.93
.70 23.30 — — ** 24.87 55.76
.75 23.911 — — ** 25.28 55.70
.80 24 .66 — — ** 25.77 35.75
.85 25.4~ — — ** 26.34 55.88
.90 26.2° — — ** 26.Qo 56.08
.95 27.17 — — ** 27.62 56.33
1.00 28.09 — — ** 29.32 56.64
1.2n 31.97 5.70 ** 31.77 543.23
1.40 36.00 11.75 ** 34.63 60.25
1.60 40.06 17.55 37.96 62.57
1.80 44.07 23.03 41.78 65.10
2.00 47.9° 48.16 44.56 67.83
2.20 51.83 32.044 47.78 70.71

- - 2.40 55.56 37.39 50.02 73.72
2.60 59.19 ‘41.32 53.99 76.84
2.80 62.70 145.38 56.98 80.02
3.On 66.13 ‘40.01 50.90 83.24
3.20 69.146 52.45 62.73 86.47
3.’40 72.6° 55.72 65.50 99.66
3.60 75.~~4 58.98 69.19 92.81

m 3.80 78.91 01.93 70.92 95.89
‘~.0fl 91.90 04.92 73.39 98.88

• 4.20 94.431 07.95 75.99 101.78
4.40 87.e6 10.72 79.33 1014.59
4 .43 0 90.43 73.56 80.72 107.31
‘4 .80 93.113 ‘16.344 81.06 109.95
5.00 95 .430 79.07 85.34 112.52
5.20 Q8.3° 81.73 87.58 115.014

I

83

1
—- - - -~~~~~



E1HAFuA M—4 30 .0 IN. U.h. 4.0 IN. THICK —65.0 TEP4PFRATURE

SIuT IC STRESS UFCFLFHATIO N (0)
PSI 10CC LOW FR—p WODFL UPPER—P
.05 377.10 319.66 330.97 435.55
.10 483.22 225.97 254.04 340.57
.lc 234.79 178.s1 200.97 201.06
.2fl 203.31 148.10 181.27 258.53
.25 190.56 126.39 160.64 234.74
.30 163. u~ 109.90 144.79 216.20
.35 148,9° 96.95 132.11 201.13
.40 137.39 436.23 121.64 198.52
.45 127.56 77.19 112.92 177.73
.50 119.12 80.91 105.25 168.34
.55 111.77 03.49 98.66 160.04
.60 105.49 57.93 92.96 152.63
.65 99.51 53.07 87.72 145.95
.79 94.3 11 48 .743 83.10 139.89
.75 99.66 44.°6 79.05 134.34
.89 85. 41 ‘+1.58 75 .17 129.24
.85 81.57 39.54 71.74 1214.52
.90 77.97 35.8(1 68 .59 120.14
.93 74.439 33.31 436.69 116.06
1.00 71.436 31.flb b3.fl1 112.25
1.29 61.40 43.84 54 .09 Q9.14
1.40 ~3.o5 19.64 47.25 88.66
1.69 47.42 14.74 41.86 90.10
1.80 44.35 11.70 37.51 73.00
2.00 30.16 9.23 33.03 67.09
2.20 34.65 7.14 30.°o 62.15
2.40 31.o7 5.31 28.47 58.03
2.60 29.17 3.65 26.36 54.60
2.80 26.94 2.12 24.56 51.76
3.00 25.013 .69 23.02 49.39
3.20 23.40 — — 21.70 47.44
3.40 21.96 — — 29.66 45.81
3.60 2u.70 — — 10.58 ‘44.45
3.80 19.60 — — 18.73 43.30
4.09 18.64 — — 19.01 142.31
4.20 17.70 — — ** 17.38 41.45
4.40 17.uc — — ** 16.85 40.68
4.60 lo.3° — — ** 16.39 39.99
4.80 15.437 — — ** 16.90 39.36
5.00 15 .3X — — ** 1~~.68 38.79
5.20 14 .80 — — ** 15.41 38.27 
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E1HAF OAM—4 30 .0 IN. 0.1-i. 1.0 TN. THICK 169.0 TEMPFPATURE

STMT IC cTRE5~, UECFLEHAT TON (0)
PSy 10CC LOWFR— F frODFL tiPPER—P
.05 151.17 101.12 ** 140.25 201.21
.10 94.27 45.26 ** 90.L49 143.28
.15 73.26 25.27 ** 72.u4 121.25
.20 63.435 16.86 ** 64.58 110.83
.25 59.69 13.69 ** 61.32 105.68
.30 58.37 13.30 ** 60.48 103.35
.35 543.430 14.53 ** 61.07 102.67
.40 59,90 16.76 ** 62.53 103.03
.45 61.66 19.64 ** 64.55 104.07
.50 64.26 22.04 ** 66.94 105.57 -

.55 66.96 26.53 ** 60.38 107.39

.69 69.86 30.30 ** 72.38 109.142

.65 72.90 311.18 ** 75.29 111.61

.70 7b.07 38.14 ** 78.27 113.91

.75 79.20 42.13 ** 81.79 116.28

.80 82.42 46.14 ** 84.32 118.70

.85 R5~~43~ 50.15 ** 87.’6 121.15

.90 88.89 54.13 ** 90.40 123.62

.95 92.10 58.09 ** 91.142 126.11
1.On 95.30 02.02 ** 96.132 128.59 V

1.20 107.87 77.26 ** 109.13 138.47
1.40 119.97 91.69 119.32 148.15
1.60 131.42 105.23 120.07 157.60
1.80 142.37 117.92 140.10 166.83
2.0’) 154.82 129.78 140.74 175.87
2.20 162.89 140.87 159.04 184.74
2.40 172.35 151.26 167.73 193.45 - 

-

2.60 181.50 161,00 176.15 202.00
2.80 190.29 170.18 184.73 210.140
3.00 .198.74 178.p7 192.00 218.62 V 

-

3.2fl 20o.8Q 187.13 199.47 226.64
3.40 21’+ .7~ 195.94 206.69 234.46
3.60 222 .34 202.64 213.66 242.05
3.80 229.70 20Q .98 220.uO 249.142
4.00 2343.432 217 .09 226.03 256.54
‘4.20 243.77 224.02 233.243 263.44
4.40 450.413 230.77 230.40 270.11
4.60 256.96 237.36 246.38 276.56
‘4.80 263.31 243.79 251.19 292.83
5.00 269.40 250.00 256.95 298.92
5.2n 275.52 256.15 262.36 294.88
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URESTER 4 MODEL VALIDAT ION

MICOM Report No. RL-CR-75--1 [2J developed individual dynamic cushioning

V curves, 52 out of 60 being statisticall y significant at an alpha level of .05 . It

should be noted that this cushioning material is not considered adequate below -20°F.

In particular, in drop testing at -65°F, a minimum G-level reading at impact was

not found even when the static stress conditions were set at 10 psi, which is twice

the normal max imum static stress . Consequently, this portion of the report wii present

results at temperatures of —20, 20, 70, 110, and 160°F.

Also , at the hotter temperature (160°F), data collection was constrained to

3 psi or less, due to material overstressing . The developed IDCC were ext rapolated

beyond the data limit when shown to 5 .20 psi . The ext rpolated curves may not

exhibit the typical cross over effects normally associated with temperature sensitive

dynamic cushioning curves.

The model validation for Urester 4 followed the same procedure developed

for the Minicel material . Table 4 presents the coefficients and variables for the

Urester 4 model .

Sixty different combinations of drop height, temperature, and cushion thick-

ness were evaluated. Nine of these combinations could not achieve the criteria

establ ithed for model val idation . On pages 90 through 93, it is noted that only one

data point is outside of the prediction limit , that being at .05 psi . This is the same

situation which has occurred in the Ethafoam 2 and Ethafoam 4 models This

situation has been discussed in previous sections and will not be repeated here .

However, these four cases are not considered to affect the model vol idof on. Three

of the remaining five cases are s imilar to the first four, since the points outside of
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TABLE 4

URESTER 4 MODEL

Vari~~le Coefficient e 
2 

~~~ h~
”2 

~~~~~~~ i
_3/2 ( )

0 559.7’~6
0.0 X x

‘- 0.0 x x x
0.0 x x x

‘. — 1u7.9t~1~~ x X
~ .~2.9~ 1o47 X A X X
t.. _ 3 . 7 / / ~ u1 X A X
/ ~~~~ .U1 9L4~j  X A X( — ‘ 9 .8~~u/O~ X X X X
() —5 .0i9~ ’.e25 X X X X

1L~ 0.0 X X
0.0 x x x

1~ u.0 X x x
1.~ 19.77191 x X

0.0 X A X X
1.~ 0.0 A X X X
1~ 56.4L.~~~~tJLi A X

1 17 7.8’sj ’407Y X A X X
I 3.1c..2~~j’+3 X A X X

0.0 X X
- 2~d ( i s O  X X X

- t  0 .0  X X X
0.0 x x x

‘ I 2~ —1 . U~~~~~i~ X A X
1 24 0.1L,di1~.,4b X A X X

-
~~~ 3.7’9o497 X X

0.0 X A A X
27 J.3u9tj3~ 3.~ X X A

0.0 A X
0.0 X X X

- 3u iU.179c~~ x A x
3i ~ci.3~ 4 u1€~ X A
3t. —~ 1.o~~~~1t A X X
3~ 0.0 X X AI 3~• ~.0A ~~~091 X X

I 3~ 5.9~~3bt~~ X X X
it ~ —0 .14.j 21t497 9 X X X
37 —21i.b...

~ X
- ‘ 0.0 X X

3~ a.2il9€~.~ x x
0.0 A

tê .i~ i’e.2~~d07e X
4€.. —5.0C7o2 I~ X X

A
‘1 4’, —2.’4...4.~74� X X
1 4.~ 0. 59d9~ 54 .. X X
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the prediction limits are at the lower static stress levels, but in one case there are

two points, and in the other two cases, there are three.

The remaining two cases involve data points at the upper static stress level

of the significant portion of the design range. The first of these two cases involves

only one dev ant point which is 50G’s from the model minimum G-value. The

final case involves a very thin cushion (1 in.) at a large drop height (30 in.).

However, the minimum G-level is far removed from the model points which are

outside of the prediction limit. Eight of the nine cases are observed to be at a

temperature of 20°F, iidicating a large random variation within the cushion samples

when this temperature is reached.

The remaining 51 combinations were all acceptable based upon the established

validation criteria . Thirty five of the remaining 51 combinations were within the

prediction limits for the entire static stress range under consideration. Selected

samples of these combinations are shown on pages 99 through 104.

I
I
I
I
I

89



r A D—A0 32 556 ALABAMA UNIV IN HUNTSVILLE SCHOOL OF GRADU ATE STU DIE——E T C F/S 13/k 
- _______

VALIDATION OF GENERALIZED CU SH InriTNO MODELS FOR SELECTED TEMPER——EyC(tj)
OCT 76 R M W Y S KI DA .  J 0 .JQHANNES D A A H Q 1 — 7 5 — C — 0 2 0 5

UNCL ASSIFIED UA H—RR— 187—VOL— l R L— C R—76 — 7—VOL—1 Pt

4 0 6

END
DATE

F ILMED



rIp___

12.0 tN. 0.h. 2.0 IN. THTCK 20.0 TE.MPFRATLJRE

STA TIC STR~.SS LjEt,ELF~ ATJQN (C,)
PSI 10CC L0~ FH—I- ~00EL t~PP~ R’-P.05 54.72 44.11 ** 65.92 * 65.33
.10 34.IP 23.75 ** 43.20 44.61
.15 25.62 15.56 ** 33.44 36.08
.20 21.52 11.43 ** 28.10 31.61
.25 19.12 9.19 ** 24 .87  29.05
.30 17.77 8.00 ** 22.81 27.54
.35 17.05 7.t~3 ** 21.48 26.68
.40 16.74 7.26 ** 20.63 26.22
.45 16.71 7.37 ** 20.12 26.06
.50 16.88 7.67 ** 10.84 26.09
.55 17.10 8.11 ** 19.75 26.27
.60 17.60 8,64 ** 19.79 26.56
.65 18.00 ~.25 ** 10.03 26.93
.70 18.64 9.90 ** 20.15 27.37
.75 19.22 10.60 ** 20.44 27.85
.80 19.85 11.32 *s 20.77 28.37
.85 20.40 12.06 ** 21.15 28.92
.90 21.16 12.82 ** 21.56 29.50
.95 21.63 13.58 ** 21.09 30.09
1.00 22.52 14.34 ** 22.44 30.70
1.20 25.31 17.41 ** 24.39 33.22
1.40 28.10 20.39 ** 26.45 35.81
1.60 30.83 23.26 28.54 38.40
1.80 33.48 25.99 30.62 40.97
2.00 36.04 28.60 32.66 43.48
2.20 38.52 31.09 34.66 45.94
2.40 40.91 33.48 36.61 48.34
2.60 43.22 ~5.77 38.52 50.66
2.80 45.45 37.98 40.37 52.91
3.00 47.61 40.12 42.17 55.09
3.20 49.60 42.20 43.02 57.19
3.40 51.72 44.22 45.63 59.22
3.60 53.68 46.19 47.30 61.17
3.80 55,50 48.12 48.92 63.06
4.00 57.44 50.00 50.50 64.89
4.20 59.25 51.83 52.04 66.66
4.40 61.00 53.62 53.55 * 68.38
4.60 62.71 55.37 55.02 * 70.06
‘4.80 64.38 57.06 56.46 * 71.71
5.00 66.01 58.69 57.86 * 73.33
5.20 67.60 60.26 59.24 * 74.95
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UKESTt~.R—4 24.0 IN. 0.11. 14.0 IN. THICK 20.0 TLMPFRATURE

STATIC STRLS$ UFCFLFRAI!QN (0 )
PSI IDCC LOwER—P ~flDFL ,IppLR—P
.05 47.20 i2 .~’5 ** 60.52 * 62.34
.10 30,60 15.00 ** 45.39 45. 148

24.36 Q.pj ** 36.35 38.91
.20 21.3P 7.fl7 ** 30.05 ‘5.69
.25 19.914 5.~~5 ** 26.08 34.02
.30 19.32 5.46 ** 25.15 33.18
.35 19,1~ 5.54 ** 24.07 32.84
.40 19.37 S.~~3 ** 23.49 32.81
.45 19.7c 6.51 ** 23.25 33.00
.50 2u.2P 7.22 ** 23.25 33.33
.55 20.6° 8.02 ** 23.43 33.77
.60 21.58 R.i~7 ** 2’.74 34.28
.65 22.31 0.77 ** 24.1q 34.85
.70 23.07 10.69 ** 24.62 35.445
.75 23.86 11.63 ** 25.15 36.0~.80 24.66 .L?.57 ** 25.73 36.75
.85 25,47 13.51 ** 26.34 37.42
.90 2b.28 14.45 ** 26.98 38.11
.95 27.10 15.39 ** 27.64 38.81
1.00 27.91 16.32 ** 28.32 39.51
1.20 31.14 IQ.02 ** 31.11 42.35
1.40 34.25 23.32 33.95 45.19
1.60 37.24 26.50 36.75 ‘47.99
1.80 40.11 20.49 30.50 50.73
2.00 42.8~ 32.30 42.17 53.40
2.20 45.47 34.94 44.77 56.00
2.40 47,90 37.~46 47.28 58.53
2.60 50.41 3°.85 4Q.7j 60.96

b 2.8n 52.73 42.15 52.07 63.31
3.00 54~ 97 44,36 54.35 65.58
3.20 57.13 46.50 56.57 67.76
3.40 59.22 48.58 58.72 69.85
3.60 61.23 50.61 60.81 71.86
3.80 63,1° 52.59 62.8’. 73.79
4.00 65,08 54.52 64.82 75.65
14.20 6e.92 56.41 66.74 77.44
4.41) 68.71 58.241 68.62 79.18
4.6fl 70,46 60.03 70.45 80.87
4.80 72.Iu bl,75 72.23 82.53
5.00 73.10 63.41 73.98 84.18
5.20 7~~.4fl 64.09 75.68 85.82
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UKESTLR—4 30.0 IN. 0.11. 2.0 IN. THICK 20.0 TL.MPFRATURE

STA IIC STR~.SS UFLELERATTON IG)
PSI L0t~C LOWER—P ~0OFL I IPPER—P
.05 72.62 46.52 ** 103.11 * 08.72

• .10 47.51 21.82 ** 68.02 73.20
.15 40.68 15.38 ** 55.49 65.97
.20 39,35 14.44 ** 50.19 64.27
.25 40.34 15.79 ** 48.13 64.88
.30 42.45 18.25 ** 47.77 66.64
.35 45,14 c~l.29 ** 48.40 69.00
.140 148.16 24.63 ** 440.64 71.69
.45 51.34 28.12 ** 51.28 74.56
.50 54.60 31.68 ** 53.13 77.52
.55 57.80 35.25 ** 55.17 80.53
.60 61.17 38.80 ** 57.32 83.54
.65 644.43 42.32 ** 50.53 86.53
.70 67.64 45.77 ** 61.7e 89.51
.75 70.81 49.17 ** 64.06 92.44
.80 73.92 52.50 ** 66.35 95.34
.85 76.98 55.77 ** 68.63 98.19
.90 79,90 58,97 ** 7fl.~~0 101.01
.95 82.93 b2.09 ** 73.16 103.77
1.00 85.82 65.15 ** 75.40 106.50

• 1.20 06.85 16.75 ** 84.13 116.96
1.40 107.10 87.39 92.44 126.80
1.60 116.64 97.20 100.32 136.09
1.80 125,5° 1u6.30 107.81 144.88
2.00 134.01 114.78 114.04 153.24
2.20 1141.9F 122.74 121.72 * 161.18
2.40 149.50 130.24 128.21 * 168.75
2,60 156.67 137.36 134.41 * 175.98
2.80 163.51 1144.15 140.35 * 182.87
3.00 17~~,u6 150,64 146.07 * 189.46
3.20 176.33 156.89 151.57 * 195.77
3.40 182.35 162,01 156.87 * 201.80
3.60 188.16 168.73 161.99 * 207.58
3.80 193.75 114.37 166.95 * 213.12
4.00 199.1~ 179,84 171.74 * 218.445
4.20 204.37 185.15 176.39 * 223.59
4.40 209.4’ 190.31 180.00 * 228.56
4.60 214.34 195.30 185.29 * 233.38
4.80 219.10 200.12 180.55 * 238.08
5.00 223.73 204.76 193.70 * 242.70
5.20 228.23 2U°.21 197.7~ * 247.25
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URESTtR— 4 30.0 IN. 0.11. 14.0 jN, THICK 20.0 ThMPFRATUI.1E

STATIC STRLSS UECFLERATTON (0)
• PSI j oce LOWER—p PODFL I ’PPEP—P

.05 53.78 31.29 ** 77.69 * 76.27

.10 31.5P 0~~44 *t 40.65 53.72

.15 23.7° 1.09 ** 38.31 45.59

.20 20.60 — — ** 32.52 42.07

.25 19.4c — — ** 29.33 140.60

.30 19.38 — — ** 27.56 140.22

.35 19.92 — — ** 26.66 40.48

.40 20.84 .56 ** 26.31 41.11
21.90 1.09 ** 26.34 42.00

.50 23.30 3.55 ** 26.63 43.06

.55 24.71 5.20 ** 27.11 44.22
• .60 26.18 6.01 ** 27.73 45.46

.65 27.60 8.64 ** 28.45 46.74

.7o 29.22 10.38 ** 20.25 48.06

.75 30.76 12.12 ** 30.11 49.41

.80 32.30 13.85 ** 31.01 50.76

.85 33.84 15.56 ** 31.04 52.12

.90 35.37 17.25 ** 32.89 53.48

.95 36.88 18.02 ** 33.86 54.84
1.00 38.38 20.57 ** 34.84 56.19
1.20 44.21 26.88 ** 38.81 61.54
1.140 49.75 32.76 42.76 66.73
1.60 54.90 58.23 46.62 71.75
1.80 59.96 43.33 50.36 76.59
2.00 614.68 ‘.8.11 53.°7 81.25
2.20 69.18 52.61 57.45 85.74
2.40 73.46 56.87 60.81 90.06
2.60 77.56 60.93 64.05 94.20
2.80 81.4° 64.81 67.18 98.18
3.00 85.27 bR.5’4 70.21 102.00
3.20 88.90 72.15 73.14 105.65
3.40 92.40 75.644 75.98 109.16
3.60 95,78 70.04 78.74 * 112.52
3.80 99.04 82.35 81.41 * 115.74
4.00 102.20 85.57 84.00 * 118.84
4.20 105.27 88.71 86.53 * 121.83
4.140 108.24 91.76 88.09 * 124.72
4.60 111.13 94.72 91.38 * 127.54
4.80 113.94 97.58 93,72 * 130.30
5.00 116.67 100.33 96.00 * 133.02
5.20 119.34 102.04 98.22 * 135.73

I
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tJRFSTtR—4 24.0 IN. 0.1-i. 2.0 IN. IHTCK 20.0 TEMPFRATURE

ST#IIC STRL.SS UFCELFRATTON (GI
PS! 10CC LOwER—p MOL)FL j ipp~R p
.05 65.10 46.67 ** 92.43 * 83.53
.10 41.90 23,86 ** 60.89 * 60.13
.15 34.99 17.13 ** 40.16 52.84
.20 32.93 15.35 ** 43.85 50.51

• .25 33.00 15.68 ** 41.45 50.32
.30 344.13 17.07 ** 40.60 51.20
.35 35,85 19.03 ** 40.67 52.68
.40 37,90 21.31 ** 41.30 54.50
.45 40.14 23.77 ** 42.31 56.52
.50 42.40 26.33 ** 143.57 58.65
.55 44.90 26.044 ** 45.00 60.85
.60 47.32 31.56 ** ~46.64 63.09• .65 49.75 34.17 ** 48.16 65.33
.70 52.16 36.75 ** 49.83 67.57
.75 54.56 39.31 ** 51.53 69.80
.80 56.92 41.63 ** 53.26 72.01-

• .85 59.25 44.30 ** 54.09 74.20
.90 61.55 146.74 ** 56.73 78.36
.95 63.81 4~~.13 ** 58.46 78.49

• 1.00 66.03 51.47 ** 60.19 80.59
1.20 74.55 60.39 ** 66.07 68.71
1.40 82.52 6P.64 73.48 06.40
1.60 89.98 76.26 79.71 103.61
1.80 96.90 83.40 85.64 110.58
2.00 103.61 90.06 91.30 117.15
2.20 109.87 96.33 96.72 123.41
2.40 115.82 102.26 101.00 * 129.39
2.60 121.140 107.69 106.96 * 135.10
2.80 126.91 113.27 111.64 * 140.55
3.00 132.10 118.42 116.23 * 145.77
3.20 137.08 123.38 120.65 * 150.77
3.40 141.86 128.17 124.02 * 155.56

• 1 3.60 1146.47 132.79 120.05 * 160.16
3.80 150.93 137.28 133.04 * 164.57
~4 .00 155.23 141.63 136,02 * 168.82
4.20 159.30 1445.85 140.67 * 172.93
4.40 163.42 140.044 144.32 * 176.90
‘4.6 0 167.34 153.91 147.87 * 180.76
4.80 171.14 157.74 151.32 * 184.53
5.00 174.83 161.43 154.68 * 188.23
5.20 178.43 164.97 157,06 * 191.89
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URESTLR—4 18.0 IN. 0.11. 4.0 IN. THICK 20.0 ThMPFRATURE

$ STUTIC STNLSS UFCELFHATTON (0)
$ PSI 10CC LOWER—p frODFL UPPER—P

.05 41.67 32.11 ** 60.24 • 51.24

.10 27.08 17.68 ** 40.55 * 36.49

.15 21.22 11.97 ** 31.99 * 30.46

.20 18.25 9.15 ** 27.2’. 27.34

.25 16.62 7.68 ** 24.31 25.57

.30 15.74 6.93 ** 22.41 2’.55

.35 15.30 6.64 ** 21.14 23.97

.40 15.16 6.62 ** 20.30 23.89
•145 15.20 6.79 ** 10.76 23.61
.50 15.SA 7.10 ** 10.42 23.67
.55 15.66 7.49 ** 10.~~5 23.83
.60 16.01 7.96 ** 10.20 24.07
.65 le.42 8.47 ** 10.24 24.36
.70 16.86 ~ .o1 ** 10.35 24.70
.75 17.33 0.58 ** 10.52 25.07
.80 17.82 10.16 ** 10.74 25.47
.85 18.32 10.75 ** 20.00 25.89
.90 18.84 11.35 ** 20.28 26.32
.95 19.36 11.96 ** 20.59 26.77
1.00 1’~.b° 12.56 ** 20.92 27.23• 1.20 22.04 14.96 ** 22.37 29.11
1.40 244.16 17.27 ** 23.04 31.04
1.60 26.22 19.47 25.56 32.97
1.80 28.22 21.56 27.18 34.89
2.00 30.15 23.54 28.79 36.77
2.20 32.02 25.43 30.37 38.60
2.40 33.81 27.22 31.92 40.39
2.60 35.54 28.05 33.43 42.13
2.80 37.21 30.60 34.°1 43.81
3.00 38.82 32.20 36.35 45.44
3.20 40.38 33.76 37.75 47.01
3.40 41.8° 35.27 3q.12 48.52
3.60 43.36 36.74 40.46 49.98
3.80 44.78 38.18 41.76 51.39
4.00 46.16 30.58 43.014 52.75
4.20 47.51 40.95 44.28 54.06
4.40 48.81 42.29 45.49 55.34
4.60 50.00 443.60 ‘46.68 56.58
4.80 51.33 44.86 47.84 57.80
5.00 52.54 46.08 48.98 59.00
5.20 53.72 ‘.7.24 50.09 60.20
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UKESTtH— 4 12.0 IN. 0.11. 4.0 IN, IHICK 20.0 TEMPERATURE

STATIC SIPI.SS UECELFHATION (0)
PSI 10CC LOWER—P ~‘O0FL UPPER—P
.05 35,14 25.14 ** 49.23 * 45.14
.10 22.85 13.00 ** 34.81 * 32.69
.15 17.61 7.92 s* 28.00 * 27.30

14.77 5.23 ** 23.90 24.32
.25 13.07 3.67 ** 21.14 22.48
.30 12.01 2.74 ** 10.15 21.28
.35 11.34 2.20 ** 17.66 20.47
.40 10.93 1.92 ** 16.51 19.94
.45 1u.bq 1.80 ** 15.61 19.58
.50 10.50 1.81 ** 14.88 19.36
.55 10.57 1.91 ** 14.30 19.24
.60 10.63 2.07 ** 13.82 19.19
.65 10.74 2.29 ** 13.43 19.20
.70 10.90 2.54 ** 13.11 19.26
.75 1i.uO 2.81 ** 12.85 19.36
.80 11.30 3.11 ** 12.64 19.49
.85 11.53 3.43 ** 12.47 19.64
.90 11.78 3.75 ** 12.33 19.81
.95 12.05 4.08 ** 12.22 20.01
1.00 12.32 4.42 ** 12.14 20.21
1.20 13.48 5.80 ** 12.00 21.15
1.40 14,68 7.17 ** 12.08 22.19
1.60 15.90 8.149 12.28 23.30
1.80 17.10 Q.76 12.57 24.443 - -

2.00 18.27 IM.97 12.01 25.58
2.20 19.42 12.13 13.29 26.72
2.40 20.54 13.24 13.70 27.85
2.60 21.63 14.31 14.12 * 28.95
2.80 22.60 15.35 14.56 * 30.03
3.00 23.72 16.36 14.09 * 31.07
3.20 24.72 17.35 15.44 * 32.08
3.40 25.60 18.32 15.88 * 33.05
3.60 26.63 19.28 16.32 * 33.99
3.80 27.55 20.22 16.76 * 34.89
4.00 28.45 21.14 17.20 * 35.76
4.20 29.33 22.05 17.64 * 36.60
4.40 30.18 22.94 18.07 * 37.42
4.60 31.02 23.81 18.49 * 38.22
4.80 31.83 24.65 18.01 * 39.02
5.00 32.63 25.45 19.33 * 39.81
5.20 33,41 26.21 19.74 * 40.61
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URESTLR— 4 18.0 IN. 0.11. 2.0 IN. THICK 110.0 TEMPERATURE

STATIC S1Rt~SS LJFCFLFH ATION (0)
PSI 10CC LOWER—p ?dOOFL , ppLR—P
.05 46.88 28.22 ** 34.04 65.53
.10 30.40 12.05 ** 20.82 48.74
.15 25.70 7.66 ** 18.39 43.74
.20 2’..5P 6.811 ** 10.28 42.32
.25 244.98 7.53 ** 21.46 42.43
.30 26.13 8.95 ** 24.21 43.30
.35 27.67 10.76 ** 27.22 44.58
.440 29.44 12.78 ** 30.32 46.09
.45 31.32 14.91 ** 3’.45 47.73
.50 33.27 17.10 ** 36.55 49.44
.55 35,4c 10.30 ** 30.61 51.19
.60 37.22 41.49 ** 42.61 52.95
.65 39.1° 23.67 ** 45.54 54.72
.70 41.14 25.81 ** 48.41 56.47
.75 43.07 47.92 ** 51.21 58.21
.80 444.96 30.00 ** 53.04+ 59.93
.85 4+6.63 32.03 ** 56.60 61.62
.90 48,66 34.02 ** 50.20 63.30
.95 50.46 35.07 ** 61.74 64.95

1.00 52.23 37.88 ** 64.22 66.58
1.20 58.9° 45.11 ** 73.58 * 72.86
1.40 65.28 51.75 82.18 * 78.80
1.60 71.1c 57.8? 9fl.~~3 * 84.44
1.80 76.66 63.53 97.53 * 89.80
2.00 81.86 68.80 104.46 * 94.91
2.20 86.76 73.74 110.08 * 99.79
2.40 91.42 78.39 117.1’. * 104.45
2.60 95.85 82.79 122.07 * 108.91
2.80 100.09 86.99 128.53 * 113.18
3.00 104.13 91.01 133.83 * 117.26
3.20 108.01 94.87 138.o0 * 121.16
3.40 111.74 98.59 143.77 * 124.90
3.60 115.34 1Up .p0 148.44 * 128.48
3.80 118.80 105.69 152,o’. * 131.91
‘4.00 122.jc 1U9.09 157.98 * 135.21
4.20 125.30 112.36 16l.~~7 * 138.40
4.40 128.52 115,58 165.53 * 141.47
4.60 131,57 118.67 169.46 * 144.46
4.80 134.52 121.66 173.27 * 147.38
5.00 137,30 124.53 176.06 * 150.26
5.20 140.18 127.26 180.56 $ 153.10

97

I
—- - -—-~—-• —



—5-’- -~~ —5-—--

UKESTt.R—4 30.0 IN. 0.11. 1.0 IN. THICK 20.0 TEMPERATURE

STAT IC cTKESS UFCELFHATION (0 )
PSI 10CC LOWER—p ~0OFL UPPER—P
.05 106.02 b6.#4 ** 126.18 145.20
.ln 81.41 43.07 ** 100.62 119.75
.15 80.50 42.08 ** 96.11 118.02
.20 85.88 40.15 ** 97.69 122.62
.25 93.51 57.53 ** 101.41 129.49
.30 101.98 66.73 ** 106.26 137.23
.35 110.71 76.15 ** 111.56 1145.26
.40 119.43 85.54 ** 117.09 153.32
.45 128.02 94.77 ** 122.64 161.28
.50 136.42 103.77 $* 128.16 169.07
.55 144.60 112.s2 ** 133.60 176.67
.60 152.54 121.01 *$ 138.04 184.07
.65 160,25 120.23 ** 144.17 191.27
.70 167.73 137.20 ** 140.27 198.27
.75 175.00 144.92 ** 154.26 205.08
.80 182.06 152.41 ** 150.12 211.71
.85 188.92 159.66 ** 163.87 218.18
.90 105.50 166.71 ** 168.50 224.48
.95 402.0° 173.54 ** 173.02 $ 230.63
1.00 208.41 180.18 ** 177.444 * 236.64
1.20 232.19 204.95 194.15 * 259.40
1.40 253.814 227.26 200.49 * 280.42
1.60 273.77 247.54 223.68 * 299.99
1.80 292.214 266.]5 236.99 * 318.33
2.00 309.48 283.37 249.25 * 335.58
2.20 325.b~ 299.45 260.89 $ 351.85
2.40 340.80 314.56 271.88 * 367.23
2.60 355.32 328,86 282.31 * 381.78
2.80 369.02 342.47 292.23 * 395.58
3,00 382.08 355.49 301.70 * 408.67
3.20 367.09 310.76 * 421.12
3.40 406.5~ 380.02 310.ub * 432.98
3.60 417.97 391.62 327.nO * 444.32
3.80 ‘429.00 4402.80 335.84 * 455.19
‘4.00 4439.62 413.57 343.59 * 465.68
4.20 449.88 423.91 351.08 * 475.85

J 4.40 459.7° 433.79 358.33 * 485.80
4,60 469.3° 44+3.17 365.34 * 495.61
4.80 478.6° 451.99 372.15 * 505.38
5.00 ‘.87.71 460.21 378.76 * 515.21
5.20 ‘.96.47 467.78 385.18 * 525.17

I
I
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URESh.k—4 12.0 IN. 0.11. 2.0 IN. FHTCX 70.0 TEMPERATURE

STATIC cTRLSS LIECELENATION (0)
PSI 10CC LOWFH—P ~O0FL UPPER—P
.05 39.52 18.06 ** 36.31 60.97
.10 24.57 3.39 ** 20.54 45.75
.15 19.45 — — ** 15.10 40.36
.20 17.44 — — ** 12.94 38.09

1b.ø fl — — ** 12.24 37.21
.30 16.88 — — ** 12.29 37.05
.35 17.37 — — ** 12.77 37.31
.40 18.11 — — ** 13.52 37.83
.45 19.Ufl — — ** 14.43 38.51
.50 19.9° .68 ** 15.45 39.29
.55 21.04 1.92 ** 16.53 40.15
.60 22.12 3.20 ** 17.65 41.05
.65 23.23 4.48 ** 18.79 41.98
.70 24.36 5.77 ** 10.05 42.93
.75 25.47 7.05 ** 21.11 43.89
.80 26.5° 8.32 ** 22.27 144.86
.85 27.70 9.58 ** 23.43 45.83
.90 28.81 10.82 ** 24.57 46.80
.95 29.90 12.04 ** 25.71 47.76

1.00 30.98 13.24 ** 26.83 48.72
1.20 35.17 17.84 ** 31.18 52.50
1.40 39.13 22.11 35.30 56.16
1.60 42.68 26.07 39.20 59.69
1.80 46.42 29.76 42.88 63.09
2.00 49.7° 33.20 46.38 66.37
2.20 52.98 36.43 49.71 69.54
2.40 56.03 39.48 52.88 72.58
2.60 58.94 42.37 55.02 75.51
2.80 61.73 4+5.13 58.82 78.33T 3.00 64.41 47.76 61.61 81.03
3.20 66.98 50,33 64.29 83.63
3.40 69.46 52.79 66.88 86.12
3.60 71.85 55.19 89.37 88.52
3.80 74.16 57.51 71.78 90.81
4.00 76.40 59.78 714.11 93.02
44.20 78.57 61.99 76.37 95.14
4.40 80.87 04.15 78.~~6 97.19
4.60 82.71 66.25 80.69 99.17
4.80 84.70 68.30 82.76 101.09
5.00 86.63 7fl.28 84.78 102.98
5.20 88.51 72.19 86.74 104.83
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UKESTL.R—4 18.0 IN. 0.11. 4.0 IN. THICK —20.0 TEMPERATURE

I STATIC STRESS LIECELERATTON (C,)
PSI 10CC LOWER—P ~O0FL UPPER—P
.05 108.38 64.29 96.84 132.’.7

I .10 7b.55 52.70 70.29 100.39
.15 60.90 37.38 57.28 84.60
.20 51.33 27.95 49.18 74.71
.25 44.o2 21.46 43 . 64 67.78

I .30 39.66 16.70 30 .36 62.60
- -  .35 35.~~fl 13.Oo 36.11 58.55

.40 32.73 10.19 33.52 55.28

.45 30.23 7.86 31.40 52.59

.50 28.16 5.96 20.64 50.33
26~ 41 4.41 28.15 48.40

I 
.60 24.92 3.09 26.89 46 .75
.65 23.65 1.98 25.80 ‘45.32
.70 22.5~ 1.03 24.85 44.06
.75 21.5~ .22 24.03 42.96
.80 20.75 — — 23.31 41.98

• .85 20.02 — — 22.68 141.11
.9) 19.37 — — 22.12 40.34 - -

.95 18.81 — — 21.62 39.65

I 1.00 18.30 — — ** 21.18 39.03
1.20 16.81 — — ** 19.86 37.14
1.40 15.91 — — ** 19.04 35.93

I 1.60 15.30 — — ** 18.55 35.18
I 1.80 15.13 — — ** 18.28 34.76

2.00 15.07 — — ** 18.18 344.58
2.20 15.14 — — ** 18.19 34.58

I 2.40 15.32 — — ** 18.29 34.72
2.60 15.57 — — ** 18.46 34.96
2.80 15.80 — — ** 18.68 35.28

I 3.00 16.25 — — ** 18.94 35.65
3.20 16.eU — — 19.2’. 36.06
3.40 17.u7 — — 10.56 36.’49
3.60 17.51 — — 19.90 36.94
3.80 17.98 — — 20.25 37.40
14.00 18.4~ — — 20.62 37.87
4.20 18.94 — — 21.00 38.33
4 .4f l  19.414 .08 21.38 38.79
‘4.60 19.94 .63 21.77 39.24
4.80 20.44 1.19 22.17 39.70
5.00 2u.95 1.75 22.57 40.15
5.20 21.46 2.30 22.07 40.62
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(JI4LSTtR 14 18 0 IN. 0.11. 1.0 IN. THICK 110.0 TLMPFRATURE

-t I
I STATIC çTRiSS 0FCELFHATTOF~ (0 )

PSI 10CC LOWE R—P I~00FL tIpP ER—P
.05 7j.75 20.cb ** 62.63 122.92
.10 56.58 6.p3 ~~ 47.19 106.931 .15 64.cl 5.05 ** ‘46.08 104.17

- 
- - 

.20 56.30 7.50 ** 50.79 105.10

.25 59.38 11.31 ** 56.01 107.144

.30 63.014 15.68 ** 61.73 110.40

.35 66.93 ~0.25 ** 67.60 113.62

.140 70.91 24.87 ** 73.45 116.94

.45 74.87 20.46 ** 70.19 120.28

1 .50 78.78 33.Q6 ** 84.80 123.59
.55 82.0? 38.36 ** 90.24 126.86

- .60 86.3~ 42.64 ** 95.53 130.07

• I .65 90.01 46.81 ** 100.66 133.20
- .70 03.56 50.85 ** 105.64+ 136.28

.75 97.0*  5 14.76 ** 110.47 139.28
1 .80 100.40 58.59 ** 115.j5 142.22
1 .85 A0j.b° 62.28 ** 119.71 145.10

.90 106.90 o6 .p7 ** 124.13 147.93

.95 110.02 60.35 ** 128.44 150.69
1.00 113.07 72.714 ** 132.63 153.40
1.20 124.56 85.34 148.38 163.78
1.40 135.08 96.65 162.72 173.51

1 1.60 144.70 106.98 175.~~i 182.71
I 1.80 153.82 116.19 188.13 191.44

2.00 162.~~5 124.75 190.62 199.76
2.20 170.18 132,68 210.21 * 207.68
2.40 177.66 140.09 220.28 * 215.23
2.60 19’..7~’ 1~ 7.o7 229.81. * 222.43
2.80 191.4° 153.70 238.86 * 229.29( 1.00 197.92 lofl.04 247.48 * 235.81
3.20 204.07 1b6.13 255.71 * 2142.01
~.40 209,96 172.02 263.60 * 247.91

1 3.60 215.62 177.73 271.17 * 253.52
I 3.80 221.07 183.26 278.45 * 258.86

4.00 226.32 188.68 285.46 * 263.97
a ‘4 .20 231.30 193.02 292.22 * 268.87

1 4.4 0 236.30 199 .00 298.78 * 273.50
4.60 24 1.u~ 203.01 305.~~g * 276.19
4.80 245.65 208.61 311.23 * 282.69

I 5.00 450.12 213.07 317.18 * 287.16
I 5.20 254.46 217.26 322.96 * 291.66

I
I
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URESTLR— ’4 24.0 IN. 0.11. 1.0 IN. THTCK 20.0 TEMPERATURE

STATIC STRESS uECELFRATTON (c,)
I PSI 10CC LOWER—p P~0DEL UPPER—P

.05 104.37 00.15 ** 113.56 139.5~.10 78.60 44.05 ** 87.u3 113.341 .15 73.24 3~ .15 ** 81.08 107.34
1 .20 73.~ 6 40.10 ** 80.58 107.22

.25 76.43 43.39 ** 82.47 109.148
1 .30 RU.2~ 47.73 ** 85.50 112.84
I .35 R4.~ 6 52.58 ** 80.10 116.74

.40 89.27 57.64 ** 92.99 120.90
-l .445 03.98 02.78 ** 97.02 125.17
1 .50 p8.60 07.01 ** 101.09 129.47

.55 103.36 72.08 ** 105,16 133.75

.60 107.97 77.97 ** 100.19 137.98
I .65 112.50 82.~~5 ** 113.17 142.15
I .70 116.93 67.62 ** 117.08 1146.25

.75 121.28 92.29 ** 120,02 150.27

.80 125.52 96.84+ ** 124,68 1514.21
1 .85 129.69 101.27 ** 128.37 158.08

.90 133.74 105.60 ** 131.09 161.88

.95 137.71 109.92 ** 135.52 165.601 1.00 141.5° 113.93 ** 138.99 169.25
1.20 156.30 120.41 152.16 183.19
1.40 169.85 143.51 164.33 196.20

1 1.60 182.42 156.43 175.65 208.41
1 1.80 194.14 168.34 186.22 219.94

2.00 205.1’ 179.41 196.16 230.85
2.20 215.48 180.76 205.62 241.20
2.40 225.27 199.50 214.39 251.04
2.60 234.57 208.72 222,82 260.41
2.80 243.42 217.s0 23fl.86 269.33

I 3.00 251.87 225.89 238.53 277.85
I 3.20 259.96 233.95 245.88 285.97

3.40 267.72 2141.71 252.94 293.73
a 3.60 275.10 2149.21 250.74 301.16

3.80 282.38 256.47 266.28 308.28
4.00 289.31 2b3.cO 272.60 315.12
4.20 296.02 270.31 278.70 321.72

I 4.40 302.50 276.00 284.61 328.10
4,60 308.7° 283.27 290.34 334.31
‘4.80 314.88 28°.39 295.Qu 340.38

1 5.00 320.81 295.24 301.31 346.37
p 5.20 326.56 300.81 306.56 352.32

I
I 102

I
- ‘- -5 -~~~~~ -- -



r 
- ‘-__ _

~~~

___

~~~~~~-~~~~~==;~~~~~~~~~~~~ ._

I
UKESTtR—4 24.0 IN. 0.11. 2.0 IN. 1HTCK 160.0 TEMPERATURE

STATIC cTF4L.SS L,FCFJLERATION (C1)
PSI 10CC LOWER—P MODEL ,lpPER~ P
.05 5Q,3~ 15.75 ** 52.62 84.95

• .10 314.64 .64 ** 36.03 68.64
.15 32.40 — — ** 33.74 65.81
.20 33.91 1.06 ** 34.3b 66.77
.25 36.86 14.55 ** 37.00 69.18
.30 40.43 8.614 ** 40.31 72.22
.35 44.25 12.97 ** 43.°1 75.54
.40 48.16 17.36 ** 47.62 78.96
.45 52.07 21.74 ** 51.36 82.40
.50 55.93 26.05 ** 55.07 85.82
.55 59.73 30.27 ** 58.72 89.19
.60 63.44 j14.39 ** 62.30 92.49
.65 67.06 38,40 ** 66.80 05.72

• .70 70.50 ‘.2.31 ** 69.22 98.88
.75 74.03 46.10 ** 7 .55 101.97
.80 77,30 4q•79 ** 75.81 104.98
.85 80.66 53.36 ** 78.08 107.94
.90 83.814 56.86 ** 82.08 110.82
.95 86.95 60.25 ** 85.10 113.65
1.00 89.98 63.55 ** 88.06 116.142
1.20 101.4’ 75,89 99.21 126.97
1.40 111.91 67.03 109.45 136.80
1.60 121.50 97.15 118.02 146.03
1.80 130.50 106.143 127.73 154.76
2.00 139.01 114.09 136.07 163.03
2.20 146.92 122.95 143.73 170.90

• 2.40 15’..’.fl 130.40 151.05 178.39
2.60 161.48 137.142 158.00 185.53
2.bfl 16e.21 144.09 1614.61 192.33
3.00 17’..o3 150.145 170.02 198.82
3.20 180.78 156.56 176.05 205.00
3.40 1A~~.b7 lb2.44 182.74 210.89
3.60 192.32 168.12 188.30 216.53
3.80 197.77 173.62 193.65 221.91
4,00 203.02 178.96 198.81 227.08
£4.20 208.00 184.13 203.80 232.05
‘4.40 212.90 180.13 208.62 236.85
4.60 217.714 193.97 213.29 241.51
4.80 222.34 198.61 217.82 246.08
5.00 226.81 203.04 222.22 250.58
5.20 231.15 207.23 226.49 255.08
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UNESTt .R—4 30.0 IN. D.~t . 1.0 IN. Tp~ cpc 160.0 TEMPERATURE

STMTIC STRESS UFCFLERATTON (()

I PSI 10CC LOwER—p P’ODFL UPPER—P
.05 98.07 76.02 ** 108.45 120.11
.10 85.57 b4.14 ** 70.03 107.00

1 .15 89.16 68.33 ** 77.45 110.00
.20 96.60 76.34 ** 83.32 116.86
.25 105.16 85.145 5* 91.97 124.86

I .30 113.96 914.79 *5 101.145 133.13
1 .36 122.67 104.02 5* 111.38 141.33

.40 131.16 113.nU ** 121.32 149.33

.45 139.38 121.68 *5 131.12 157.071 .50 147.30 130.06 ~~ 140.72 164.514

.55 154.93 138.12 *5 150.07 171.74

.60 162.2° 145.89 5* 159.17 178.70
1 .65 169.3° 153.37 ** 168.00 185.41

.70 176.24 160.59 *5 176.59 l9j.80

.75 182.86 1b7.55 5* 184.Q2 198.17

.80 189.26 174.28 *5 193.02 204.25

I .85 195.46 180.75 5* 200.89 210.15
.90 201.47 187.07 ** 208.56 215.88

• .95 207.31 193.16 ** 216.01 221.45
1 1.00 212.97 190.06 *5 223.28 226.88

1.20 434.16 221.00 250.59 * 247.31
1.40 253.314 24+0.66 275.5u * 266.01

1 1.60 270.89 258.146 298.43 * 283.32
1 1.80 287.10 274.75 319.69 * 299.45

2.00 302.18 289.90 339.c4 * 3114.56
2.20 316.28 303.83 358.i6 * 328.74
2.40 329.55 317.00 375.72 * 342.10
2.60 342.08 329.46 392.34 * 354.70
2.80 353.97 341.31 408.13 * 366.62

1 3.00 365.27 352.62 423.17 * 377.92
P 3.20 376.06 363.45 437.55 * 388.66

3.40 iRä.37 373.84 451.32 * 398.90
p 3.60 396.26 383.80 464.54 * 408.73

1 3.80 ‘+05.77 393.33 477.26 * 418.20
4.00 414.92 402.42 489.51 * ‘427.42
‘4. 20 1423.7U ‘411.03 501.34 * 436.45

‘4.40 ‘.32.* 41~~.j2 512.77 * 445.140
4.60 440.50 426.67 523.83 * 454.33

4.80 448.48 433.65 53Cs.5~ * 463.31
1 5.00 456.22 440.fle 544.06 * 472.38
I 5.20 ‘.63.77 445.90 555.07 * ‘.81.56

I
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URETH ER 3 MODEL VAL IDATION

I MICOM Report No. RL-CR-75-1 [ 21 developed individual dynamic cushioning

I curves, 50 out of 60 being statistical ly significant at an alpha level of .05. This

cushioning material is not considered adequate below -20°F. Consequently, analysis

has not been conducted at _650 F.

The model validation for Urether 3 followed the same procedure developed

for the Minicel material . Tabl e 5 presents the coefficients and variables for the

Urether 3 model .

Sixty different combinations of drop height, temperature, and cushion thickness

were evaluated. All of the 60 combinations were acceptable based upon the established

validation criteria . Selected samples of these combinations are shown on pages 108

through 113. In addition, 49 of the 60 combinat ions were within th, prediction lImits

over the entire static stress range considered.

I
I
I
I
I
I
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TABL E 5

URETHER 3 MODEL

Variable Co fficients e~ 
~3 h1’

~ i
1
~
’
~ T~~

t2 
~ n0 - )

~,

• ‘ .U 
_
~ x

— ) .U  X X
— j~~~.~~~L J ’~~.) X
•1 ~.(.IU~ c,1
-~ ~J.U A X X

J.0 x x x
/ t~3.974t~~t, X X X
U —~J.~i~~3t 1c..7 X A X X
.3 4.ojlL~~ X A X

U.U A X
1.~. 3.’4,-~’~~~ X X X
~~ _ 5 . 9L~~~ J.L tj 1 A A

A A
1+ 1.L~~2/ 19I X A X X
1. ~j .

-
~) A X x

1~ ~~~~~~~~~~~~~~~~~ A A X
1/ I1~~~~¼J X A X X

2.~~~~itcn- X X X A
1~ ~ J.7i.ub1u25 X X
2L~ J.0 X X X
2~. 0. 9bj~~~i X X X

0.0 X x x
2.s .1~j1tj1t.j~ b X A X X
2L3 

~‘0 . 0 i 5 € ibtJo2 X X X
1.b. UL & ~.3 X A X

2~ J.u X X X X
~ I — t ) . 1~ /~~~~~1 X X X X
2~ ~~L.3~i-+it~i X X

• 2 )  —
~~~ ~.L ?U5’J x x

3U J.u X X
u.0 A X

j~. ta.1i A X X
I. ~~~~~~~ X x
(J.0 X

3_ I u.0 X
311 0.0 X X X
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URETHt.k— 3 12.0 iN. 0.11. 2.0 IN. THTCK 70.0 TEMPERATURE

STATIC STRESS UECELER A1TON IG)
PSI 10CC LOWER—P MODEL UPPER—P
.05 28.00 10.84 5* 28.24 45.33
.10 16.23 1.27 *5 15.22 35.20.15 15.31 — — ** 11.03 32.01
.20 14.50 — — 5* 0 .59 30.95
.25 14.61 — — ** 9.34 30.81
.30 15.16 — — 5* 9.71 31.12
.35 15.96 .22 *5 10.42 31.69
.40 lb.8Q ~,38 5* 11.33 32.41
.45 17.91 2.60 *5 12.36 33.22
.50 16.97 3.85 *5 13.46 34.08
.55 20.04 5.12 *5 14.60 3 .96
.60 21.13 6.39 5* 15.77 35.87
.65 22.21 7.64 *5 16.914 36.78
.70 23.20 8.88 5* 18.12 37.69
.75 24.35 10.10 *5 19.29 38.61
.80 25.40 11.29 *5 20.45 39.51
.85 26.44 12.47 ** 21.60 40.41
.90 27.46 13.61 *5 22.73 41.30
.95 28.46 14.73 *5 23.85 42.19
1.00 29.45 1.5.83 5* 24.95 43.06
1.20 33.22 1.9.97 5* 2Q.20 46.46
1.40 36.74 23.75 33.19 49.72
1.60 40.03 27.22 36.95 52.85
1.80 43.13 30.40 40.48 55.85
2.00 46.05 33.36 43.93 58.73

• 2.20 48.51 36.12 47.00 61.49
2.40 51.43 38.72 50.02 64.14
2.60 53.93 41.18 52.00 66.67
2.80 56.31 ‘43.52 55.65 69.10
3.00 58.59 ‘45.78 58.29 71.41
3.20 60.78 47.95 60.92 73.61
3.40 62.60 50.06 63.26 75.72
3.60 64.92 52.11 65.61 77.73
3.80 66.87 54.10 67.98 79.65
4.00 66.77 56.04 70.08 81.49

• ‘e.20 70.60 57.94 72.20 83.26
4.40 72.37 5 .77 74.27 84.96
4.60 7’+.UO bl.55 76.27 86.63
4.80 75.76 63.25 78.21 88.27
5.00 77.j~ 64.87 80.10 99.89
5.20 78.96 66.40 81.94 91.53

I
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URETHt.R— 3 18.0 iN. 0.14. 4.fl IN. THIC K —20.0 TEMPERATURE

STUT IC çT RLSS UECELFNATION (ci)
PSI 10CC LOWE R— p MODEL UPPER—P
.0~ 50.77 36.72 5* 48.21 614.72
.10 32.28 18.49 *5 31.38 46.06
.15 24.36 10.79 *5 24.41 37.93
.20 20.02 6.65 ** 20.75 33.39
.25 17.30 4 .22 *5 18.65 30.57
.30 15.72 2 .74 + ** 17.41 28.71
.35 14.64 1.84 ** 16.70 27.44
.40 13.95 1.32 5* 16.33 26.58
.45 13.54 1.07 5* 16.19 26.00
.50 13.31 1.01 ** 16.22 25.62
.55 13.24 1.08 *5 16.37 25.3~.60 13.27 1.25 5* 16.62 25.28
.65 13.38 1.51 5* 16.02 25.26
.70 13.56 1.81 *5 17.28 25.31
.75 13.50 2.17 5* 17.68 25.42
.80 14.07 2.55 5* 18.11 25.59
.85 14.37 2.97 *5 18.56 25.78
.90 1’+.70 3.40 *5 19 .03 26.01
.95 15.05 3.84 *5 10.51 26.26

1.00 15.42 4.30 5* 20.00 26.54
1.20 17.00 6.17 *5 22.03 27.83
1.40 15.67 8.05 *5 24 .07 29.30
1.60 20.37 p.98 26.10 30.86
1.80 22.06 11.64 28.07 32.47
2.00 23.71 13.32 20.09 34.10
2.20 25.34 14 .95 31.85 35.73
2.40 26.92 16.51 33.614 37.34
2.60 28.47 18.03 35.38 38.91
2.80 29.97 19.50 37.07 40.44
3.00 31.43 20.94 38.70 41.93
3.20 32.86 22.35 40.79 43.36
3.40 34.24 23.74 41.82 44.75
3.60 35.50 25.11 43.32 46.08
3.80 36.91 26.46 44.77 47.36
4.00 38.10 27.78 46.18 48.60
‘4.20 39.45 29.09 47.55 49.80
4.40 40.67 30.37 48.89 50.97
‘4 .60 41.56 31.61 50.19 52.11
4.80 ‘4 3.03 32.82 51.47 53.24
5.00 4’+.17 33.97 52.71 54.37
5.20 45.2~ 35.06 53.~ 2 55.52
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UKETHER—3 18.0 iN. U.h. 1.0 IN. IHICK 110.0 TEMPERATURE

STAT IC STRESS UECFLFRATTON (0)
PSI 10CC LOwER—p MODEL ~,PPER—P.05 42.77 .45 *5 38.19 85.02
.10 31.1° — — 5* 31.19 72.81
.15 34.96 — — *5 35.18 73.94
.20 38.03 — — *5 41.63 78.39
.25 44.15 14.39 5* 48.69 93.90
.30 5u.56 11.38 5* 55.81 89.74
.35 Sb.97 18.34 ** 62.76 95.60
.40 63.25 25.15 5* 69.49 101.36
.45 69.37 31.77 5* 75.05 106.96
.50 75.20 38.17 ** 82.16 112.40
.55 81.00 44.35 5* 88.13 117.66
.60 8b.57 50.31 5* 93.86 122.74
.65 9i.~~7 56.07 *5 90.38 127.66
.70 97.03 61.62 ** 104.~~9 132.143
.75 102.02 06.99 5* 100 .82 137.05
.80 10b.8F, 72.16 5* 114.77 141.54
.85 111.5” 77.19 5* 110 .56 145.89
.90 11b.00 62.05 5* 124.20 150.13
.95 120.51 66.76 *5 128.70 154.26
1.00 124.80 91.33 *5 133.06 158.28
1.20 14u.d~ 108.30 140.34 173.46
1.40 155.47 123.53 164.05 187.41
1.60 168.84 137.31 177. Lib 200.37
1.80 181.20 149.90 180 .87 212.49
2.00 192.70 1b1.~~u 201.38 223.90
2.20 203.47 172.27 212.1~ 234.68
2.140 213.61 182.35 222.25 244.87
2.60 223.20 191.85 231.79 254.511
2.80 232.20 200.85 240.83 263.72
3.00 240.9k 2U9.u3 249.43 272.45
3.20 249.20 217.65 257.62 280.74
3.40 257.10 225.55 265.46 288.65
3.60 26’+.bA 233.18 272.97 296.18
3.80 271.96 240.55 280,19 303.38
4.00 278.98 2147.69 287.13 310.27
4.20 285.74 254.60 293.82 316.89
4.40 294.48 261.29 300.29 323.27
4.60 295,bfl 267.74 306.53 329.46

304.7’ 273.ob 312.58 335.50
f 5.00 310.67 279.89 318.44 341.44

5.20 416.47 285.54 324.14 347.33
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URET1itR— 3 24.0 AN. 0.11. 1.0 TN . IHTCK 20.0 TEMPERATURE

STMTIC STRESS UFLELEHATTON ( 0)
PS! 10CC LOWER —P MODEL UPPER—P
.05 51.94 8.07 *5 67.19 95.80
.10 4~~.Ufl 2.88 5* 57.41i 89.13
.15 50.64 8.24 5* 54.46 93.05
.20 57.56 15.85 ** ~q,25 99.28
.25 65.01 23.96 5* 69.29 1 06. 0 5  - •

.30 72 .47 32.03 5* 71.73 112.83

.35 79.b6 3~~.R6 5* 78.23 119.43

.40 86.61 47.43 ** 84.65 125.79

.45 93.2° 54.68 5* 9fl.°1 131.89

.50 99.60 01.63 *5 96.°g 137.74
105.52 68.30 ** 102.88 143.35

.60 111.72 74.69 5* 108.58 148.74

.65 117.38 60.84 5* 114.09 153.92

.70 124.53 56.75 5* 110.43 158.92

.75 128.08 92.u3 *5 124.60 163.73

.80 133.16 97.Q2 5* 120 .62 168.39

.89 13~~.U6 103.21 5* 134.48 172.91

.90 142.80 108.32 ** 139.~~U 177.28

.95 147.40 113~ 27 5* 143.79 181.54
1.00 151.86 118.06 *5 148.26 185.67
1.20 165.49 135.79 164.09 201.20
1.40 183.50 151.60 180.20 215.40
1.60 197.1° 165.94 194.16 228.54
1~ 80 209.81 178.81 207.07 240.82
2.00 221.5’ 190.70 219.10 252.36
2.20 ~32.4P 2u1.71 230.37 263.25
2.’40 242.76 211.97 240.99 273.55
2.60 252.46 221.61 251.02 283.32
2.80 261.65 230.72 26fl.5~ 292.59
3.00 270.jo 239.38 260 .62 301.40
3.2n 27~~.72 247 .67 278.28 309.78
3.40 286.69 255.62 286.56 317.75
3.60 2914.31 263.28 294.51 325.34
3.80 301.64 270.69 302.16 332.59
4.00 308.60 277.85 3~~~.52 339.53
4.20 315.48 284.79 316.A2 346.18
4.40 322.04 291.449 323.446 352.59
4.60 328.38 297.97 330.12 358.80
4.80 334.52 304.19 336.55 364.85
5.00 340.47 310.15 342.79 370.79
5.20 34~~.24 315.80 348.95 376.69

H
I

111

I 

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



— ~~
-.-

~~-
-_ -- -

UIIETHLR—3 24.0 IN. 0.H. 2.0 II~. THICK 160.0 TEMPERATURE

STATIC 5TR~ SS UECELFRATION (C,)
PS! 10CC LOWER—P MODFL UPPER—P
.05 31.50 — — *5 3 .22 84 .09
.10 15.42 — — 5* 10 .06 67.18
.15 13.70 — — 5* 17.88 614.67
.20 15.97 — — *5 20.22 66.14
.25 19.63 — — 5* 23.85 69.10
.30 23.93 — — 5* 27.99 72.69
.35 26 .46 — — 5* 32.33 76.54
.4+0 33.05 — — ** 36.69 80.48
.45 37.61 — — 5* 41.01 84.41
.50 ‘42.00 — — 5* 49.25 88.30
.55 46.49 .83 5* 40.40 92.12
.60 50.76 5.65 5* 53.43 95.86
.65 54.92 10.33 5* 57.35 99.52
.70 58.98 14.87 ** 61.17 103.09
.75 62.99 1°.28 5* 64.88 106.57
.80 6o. 77 23.55 5* 68.48 109.98
.85 7u.bfl 27.70 ** 71.99 113.31
.90 74.15 31.72 *5 75.4 1 116.57
.95 77.60 35.63 5* 79.73 119.75

1.00 81.15 30 .43 *5 81.08 122.88
1.20 94.10 53.97 94.18 134.80
1.40 lflb.J0 66.2b 105.33 145.92
1.60 117.08 77.78 115.~~9 156.39
1.80 127.20 88,27 125.12 166.30
2.00 136.82 97.02 134.02 175.71
2.20 145,77 106.88 142.37 184.66
2.40 154.22 115,26 150.25 193.17
2.60 162.22 123,15 157.71 201.28
2.80 169.82 130.65 164.80 209.00f 3.00 177.07 137.81 171.56 216.34
3.20 1814.01 144 ,69 178.02 223.32
3.40 190.65 151.33 184.21 229.97

f 3.60 197.0’ 157.76 190.15 236.30
3.80 203.17 164 .00 195.87 242.33
4.00 209.08 170,~~7 201.38 248.09
‘4.20 2114.7° 175 .o7 206.70 253.62
4 ,40 220.32 181,68 211.84 258.95
4.60 225.66 157 .21 216.81 264.12
4.80 230.85 192.~~1 221.64 269.18

1 5.00 235.88 197.~~7 226.32 274.19
U 5.20 240.77 202.34 230.87 279.19
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UHETHEfI—3 30.0 AN. 0.1’. 1.0 IN. THICK 160,0 TEMPERATURE

STATIC STRESS UFCFLFHATTON (0)
PSI 10CC LOWER—P MODEL UPPER—P
.05 57. 11 — — 5* 50.22 119.29
.10 95.40 — — 5* 55.31 115.89
.15 65.80 7.02 ** 64.31 124.76
.20 78.47 21.17 5* 75.74 135.77
.25 91.17 35.38 5* 87.51 146.97
.30 103.4+6 49.11 *5 9R.~ 9 157.80
.35 11s.1P 02.22 *5 110.01 168.14
.40 126.32 14.69 5* 120.94 177.96

• .4 5 136.92 86.55 5* 130.97 197.29
.50 147.00 97.83 *5 140.14 196.17

156.62 108.56 5* 149.25 204.65
.60 165.50 118.84 5* 158.03 212.77
.b~ 174.00 128.65 ** 166.41 220.55

• .70 183.u1~ 138.03 ** 1744.447 228.04
.75 191.15 147.03 *5 182.22 235.27
.80 198.96 155.66 *5 180.68 242.25
.85 206.40 163.95 5* 196.89 249.02
.90 213.76 171.93 5* 203.85 255.60
.95 2?0.sfl 119.60 *5 210.59 261.99
1.00 227,ol 187.00 5* 217.12 268.22
1.20 252.93 214 .11 241.a2 291.75
1.40 275,oP 237.87 263.28 313.48
1.60 296.37 258.99 283.18 333.75
1.80 315.38 278.01 301.49 352.75
2.00 333.00 295.40 318.46 370.60
2.20 349.43 311.50 334 .30 387.36
2.40 364.84 326 .59 340.16 403.09
2.60 379.36 340.86 367.18 417.83
2.80 393.00 354 .93 37F,.44 431.66
3.00 400.14 367.64 380.03 444.64
3.20 ‘418,56 380.27 401.03 1456.85
3.40 430.143 392.46 ~12.~~0 4 8.39
3.60 ‘44j.70 404.17 423.48 479.40
3.80 ‘452.6° 419.37 434.02 490.01
4.00 ‘+63.17 425.94 444.16 500.’+O
4.20 1473.27 435.76 453.°2 510.77
4.40 4+83.01 444.68 463.74 521.33
4.60 492.142 452.94 ‘472.45 532.29
4.80 501.52 459.23 481.26 543.82
5.00 blo.3c 464.66 489.90 556.03
5.20 518.90 468.83 498.09 568.98
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CONCLUSIONS

This research hcis vciidated the five mathematical cushioning models developed

as part of the overall MICOM cushioning material research program . In particul ar,

the application of the results of MICOM Report No. RL-CR-76-3 15? permitted a

cost effective model val idation procedure to be developed.

Thirty-six combinations of drop height, temperature, and static stress were

evaluated for the Minicel model . Only one was outside the prediction limits .

Seventy-two combinations were evaluated for the Ethafoam 2 model . Fourteen

of these combinations contained model values outside of the prediction limits . How-

ever , only six of these combinations are of any concern to the val idation procedure .

Seventy-two combinations were eval uated for the Ethafoam 4 model . Only three

of these combinations could not achieve the criteria established for model validation,

with two cases being much more important than the other one.

Sixty combinations were evaluated for the Urester 4 model . Nine of these

combinations contained one or more values outside of the prediction limits . Only

two of these nine combinations are of any concern .

Sixty combinations were evaluated for the Urether 3 model , with all sixty

being acceptable.

Thus, five different cushioning material models were val idated utilizing 300

different combinations of material , drop height, temperature, and cushion thickness .

Only 27 of these combinations were outside of the establ ished criteria for model

validation. However, even more meaningful is the evidence that only 11 of the 27

combinations are of any concern in the validation procedure. The combinations of

- I
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concern are well within the level of significance established for the overall cushion-

ing material research effort .

Based on the preceding evidence, it is concluded that the five mathematical

models ore valid at a statistical significance level of .05 .
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I

This program calculates the G-level values for the individual Dynamic Cushion— I
ing Curves (IDCC), Lower Prediction Limits (LOWER-P), Generalized Model

(MODEL), and the Upper Prediction Limits (UPPER-P), for a given static stress,

drop height, cushioning material thickness, and temperature. Primary input data

are the specific material model coefficients, and the results recorded on magnetic

tape, from the curvilinear regression program as described in [1,2,3,4,51. The

main driver allows the user to select one of two options: 1) All data cases for the 1

results on magnetic tape, or 2) an incilvidual data case.

I
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