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Table 5 

•'u.i'-;. <-1' 1 Arci.ir.̂  p-ifi. 

t 
hTialn 

Pressure 
l-L D' ;'l« <•' • . in. 

"b 

Force Per Unit 
Area Acting on 

Til- •- !.'• vict , i 

Dimensionics 
Pressure 

Parameters 
Deflcctiori 

AD P_ 

- - V. - 7. .997 i.072 

Lowering top of test device 

0:Ul 
0 s'M 
i:' 8 
1:20 
1:31 

i:h& 
2:02 
2:15 
2:38 
2:51 

3:06 

: oo 
l.:21 

19:13 
19:39 
l$tk9 
20:08 
21:00 

37. ' , 
37. ' : 
37.7 
37.8 
37.7 

37.7 
37.7 
:• r. 7 
37.8 
37.8 

3 7 . 9 
3 8 . 0 
3 7 . 9 
3 7 . 9 
3 7 . 6 

3 7 . 6 
0 9 . 2 
1 9 . 5 
1 0 . 2 

3 7 . 6 
3 7 . 6 
3 7 . 9 
3 7 . 9 
3 7 . 9 

3 7 . 9 
3 7 . 9 
3 7 . 9 
3 8 . 2 
3 8 . 2 

30.2 
38.2 
38.0 
38.0 
38.0 

38. U 
30. 5 
2 1 . 6 
1 2 . 9 

i . Li 
0 . 0 2 1 

. 29 
(-.03-. 

. 1.2 
u. (Alt 
0. 01*9 
C . ( 52 
0 . 0 % 

0 . 0 5 8 
0 . C67 
0 . 0 7 2 
0.0V6 

0.131+ 
0 . 1 2 8 
0.10I1 
0.CA2 

- . 1 5 9 

-26.1 .!+'• : ' i l 0 - 3 7 . 

Lowering t a p o f t e s t tie-vice 

0 : 2 1 
0 : 3 5 
0:1+6 
1:(C 
1 : 1 2 

37.5 
37.5 
37.5 
37.5 
37.5 

2 8 . 1 
2 8 . 1 
2 8 . 1 
28.1. 
2 8 . 1 

o.e< 1 
0 . 0 0 ? 
0. oc.'. 
o.occ 
0 .C 11 

0.01C' 
0 . 0 2 c 
1 .1 
0 . 0 2 6 
0 . 026 

0.031 
0 . 0 3 3 
0.03I) 
0 , 0 3 7 
0 . 0 3 7 

c . 0 3 6 
0. 01+2 
0.0U5 
0.01.7 
0.01+8 

0 . 0 9 3 
0 . 0 8 2 
0 . 0 5 1 

-0.021. 
- 0 . 2 5 1 

0.1.30 

. 1 

0 . u 
0.1 ' 7 
0 . 0 0 8 
C.012 

0 . 0 0 1 
0 . 0 0 5 
0 . 0 0 8 
0.1 16 
0 . 0 2 5 

0.01.1 
0 . 0 5 5 
0 . 0 8 1 
0.091. 
0.11+5 

0 . 1 8 9 
0 . 2 6 9 
0.31.7 
0.1(10 
0.1.70 

O.ltYU 
0.1.73 
0.1+61* 
0.1+1+2 
0.361. 

0 . 0 0 1 
0 . t li 
o . 00C 
0 . 0 1 0 
0 . cai. 

T. i t 1 

1 . 0 7 2 - 0 . 0 7 5 

0 . 1 1 7 
0 . 0 2 5 
0 . 0 3 2 
0.01.2 
0 . 0 5 3 

0.1 72 
0.088 
0.115 
0 . 1 3 1 
0.182 

0 . 2 2 7 
0 . 3 1 1 
0 . 3 9 2 
0.1.57 
0 . 5 1 8 

0 . 5 6 7 
0 . 5 5 5 
0 . ' 15 
0.1.18 
0 . 1 1 3 

C . l • 
0 . 0 0 6 

. 0 1 3 
0 . 0 1 8 
0.02C 

1 : 2 5 3 7 . 5 2 8 . 2 0 . 0 2 0 O.Oll* 0 . 0 2 2 0 . 0 3 6 
1 : 3 9 3 7 . 5 2 8 . 2 0.021* 0 . 0 1 5 0 . 0 3 0 0.01*5 
1 : 5 2 3 7 . 5 2 8 . 5 0 . 0 3 3 0 . 0 1 6 0 . 0 3 9 0 . 0 5 5 
2 : 1 2 3 7 . 5 28.1* 0 . 0 3 6 0 . 0 1 3 0 . 0 6 0 0 . 0 7 3 
2 : 3 6 28.1* 0 . 0 3 7 0 . 0 0 9 0 . 0 7 9 0 . 0 8 8 

2 : 5 2 37 . ' 28 . k 0 . 0 3 6 0 . 0 0 5 0 . 0 9 9 0 . lol* 
3 : 0 8 3 7 . 5 2 8 . 2 0 . 0 3 6 0 . 0 0 3 0 . 1 6 0 0 . 1 6 3 
3:2 ' 37. ' . 2 8 . 2 0 . 0 3 9 0 . 0 0 3 0 . 2 2 0 0 . 2 2 3 
3 : 3 3 . 7 . ' 2 8 . 1 0.0U0 0 . 0 0 2 0 .31O 0 . 3 1 2 
3:1+7 3 7 . 5 2 8 . 1 0.01*3 0 . 0 0 0 0.1*00 0.1*00 

l+:00 37. 5 2 8 . 2 0.01*3 0 . 0 0 1 O.I138 0.1*39 
l . :09 3 7 . 5 2 8 . 5 0.01*1* C .001 0.1*56 0.1*57 

1' 3 7 . 5 2 8 . 5 0.01*6 0 . 0 0 2 0.1*71* 0.1*76 
1.: 27 3 7 . 5 28.1* 0.051* 0 .0C3 0.1*83 0.1*86 
1.: 55 37. 5 0 . 0 5 3 o.ool* O.U99 0 . 5 0 3 

n ' l i j i n , - t c p of t e s t d e v i c e 

5 : 1 7 
-.5.0 

2 3 . 3 0.051* 0 . 0 0 3 0.1*96 0.1*99 
5 : 2 6 -.5.0 2 5 . 6 0 . 0 6 3 0 . 0 0 3 o.l*86 0.1*89 
• : !. 3 7 . 0 2 9 . 0 0 . 0 6 9 0 . 0 0 7 0.1*71 0.1*78 
5:1*2 37. 5 2 9 . 0 e . 0 6 8 0 . 0 0 9 0.1*37 0.1*1*6 

3*1.0 21*. 8 0 . 0 6 7 0 . 0 1 0 0 . 2 1 1 0 . 2 2 1 

6 : 0 5 3 7 . 0 2 5 . 3 <.'.066 0 . 0 2 3 0 . 0 7 3 0 . 0 9 6 
6 : 1 3 3 7 . 5 2 7 . 2 0 . 0 6 2 0.01*0 0 . 0 3 7 0 . 0 7 7 
6 : 1 9 3 7 . 5 2 7 . 2 0 . 0 6 2 0 . 0 5 0 0 . 0 2 0 0 . 0 7 0 
6 : 3 0 3 6 . 7 2 6 . 5 0 . 0 6 2 0 . 0 6 1 0 0 . 0 6 1 
6 : 3 5 3 6 . 6 2 6 . 5 0 . 0 6 2 0 . 0 6 2 0 0 . 0 6 2 

AP 

- 0 . 0 0 1 
-0.001+ 
- 0 . 0 0 3 
- 0 . 0 0 9 
- 0 . 0 1 8 

- 0 . 0 3 0 
-0 .0 l . l i 
- 0 . 0 6 6 
-0 .0 - / 9 
- 0 . 1 2 6 

- 0 . I 6 9 
-0.21+1+ 
- 0 . 3 2 0 
- 0 . 3 6 1 
-0.1+38 

-0.1*33 
-0.1+27 
-0 .1 .11 
- 0 . 3 7 6 
- 0 . 2 7 2 

T e s t 2 

0.1.30 - 0 . 0 1 0 

-< . 00: 
-0 .008 
- . 0 0 9 
- 0 . 0 1 2 
- 0 . 0 1 5 

. 0 1 6 
- 0 . 0 2 1 
- 0 . 0 2 2 
- 0 . 0 3 7 
- . 0 ! L 

-1 .01.6 
- 0 . 1 2 7 
-0.161. 
- 0 . 2 7 2 
- 0 . 3 5 7 

- 0 . 3 9 6 
-0 .1 .13 
-0 .1 .30 
-0.1*32 
-0.1*50 

-0.1*1*5 
-0.1*26 
-0.1*09 
- 0 . 3 7 8 
-0.151. 

- 0 . 0 2 8 
- 0 . 0 1 5 
- 0 . 0 0 8 
+ 0 . 0 0 1 

0 

I.. w e r i n g t o p c.l' t e s t d e v l c c 

6 : 3 7 3 6 . 5 
6:1.!. 3 5 . 8 
c : 5 6 3 ' . 2 
7:0-, 31.. 8 
7 : 1 5 O.o 

8 3 . 5 
7 9 . 5 
7 5 . 5 
6 7 . 5 
6 2 . 0 

5 8 . 5 
5U.0 
' . 0 .0 
1*8.5 
1*0.5 

3 7 . 5 
3 6 . 5 
3>*. 0 
32.5 
30.0 

3 5 . 0 
3 3 . 0 
2 6 . 5 
1 6 . 0 

0 . 5 

9 . 0 
8 1 . 2 
?1*.2 
6 1 . 8 
5 2 . 7 
1*0.0 
2 8 . 2 
2 0 . 2 
1 3 . 0 
6.6 
2 . 0 
1 . 5 
2.1* 
3 . 0 
1 . 5 

0 . 5 
0 . 8 
1 . 0 
1 . 0 
0 

17.1* 
2 1 . 5 
3 2 . 0 
33. 
60 . c 

8 0 . 0 
9 6 . 0 

1 0 2 . 5 
1 1 . 6 
1 0 . 2 

2 7 . 1 0 . 0 6 2 0 . 0 6 2 0 . 0 0 2 0.061* - 0 . 0 0 2 9 3 . 2 
2 9 . 2 0 . 0 6 7 0.01*7 0.11.1 0 . 1 8 8 - 0 . 1 2 1 11.. 5 
2 9 . 6 0 . 0 6 3 0.01*1 0.31*9 0 . 3 9 0 - 0 . 3 2 7 7 . 0 
2 7 . 1 0 .06c 0 . 0 3 8 0.1*90 0 . 5 2 8 -0.1(68 3 . 0 

-0.071* - 0 . 1 2 2 0.1*92 0 . 3 7 0 -0.1*1*1* 0 . 0 

( C o n t i n u e d ) 

3 7 . 1 
3 5 . 3 
3 3 . 6 
3 0 . 0 
2 7 . 6 

2 6 . 0 
21*. 0 
2 2 . 2 
2 1 . 6 
1 8 . 0 

1 6 . 7 
1 6 . 2 
1 5 . 1 
11*. 1* 
1 3 . 3 

1 5 . 6 
11*. 7 
1 1 . 8 

7 . 1 
0 . 2 

1*0.0 
3 6 . 1 
3 3 . 0 
2 7 . 5 
2 3 . » 

1 7 . 8 
1 2 . ' 

9 . 0 
5.8 
2 . 9 

0 . 9 
0 . 7 
1 . 1 
1 . 3 
0 . 7 

0 . 2 
0. I* 
o. l . 
0.1. 
0 

7 . 7 
9 . 6 

l h . S 
1 6 . 9 
2 6 . 7 

3 5 . 6 
1*2.7 
1*5.6 
5 1 . 6 
«*5- 3 

aM 
rv 

An T 
X 1000 g i X 100 

-o.i* 
- 2 . 5 
- i * . i 
- 7 . * 

- 1 0 . 1 

- 1 1 . 7 
- 1 3 . 7 
- 1 5 . 5 
- 1 6 . 2 
- 1 9 . 8 

- 2 1 . 2 
- 2 1 . 8 
- 2 2 . 8 
- 2 3 . 5 
-21*. 5 

- 2 2 . 2 
- l l< .5 

- 7 . 7 
- 3 . 1 
+ 0 . 2 

+ 2 . 5 
-1.1. 
- U . 5 

- 1 0 . c 
-11*. 1 

- 1 9 . 7 
- 2 5 . 0 
- 2 8 . 5 
- 3 1 . 7 
-3*t .6 

- 3 6 . 6 
- 3 7 . 0 
-36.1* 
- 3 6 . 2 
- 3 7 . 0 

- 3 7 . 3 
- 3 7 . 1 
- 3 7 . 1 
- 3 7 . 1 
- 3 7 . 5 

- 2 6 . 6 
-25.1* 
- 2 2 . 8 
- 2 0 . 6 

- 7 . 3 
-1.1* 
+ 5 . 2 
+ 8 . 1 

+11*. 9 
+e.7 

-0 .03 
- 0 . 1 7 
•1 .28 
- 1 . 5 3 
-C . t'9 

- 0 . 8 0 
- 0 . 9 3 
- 1 . 0 5 
- 1 . 1 0 
- 1 . 3 5 
-1.1*1* 
-1.1*8 
- 1 . 5 5 
- 1 . 6 0 
- 1 . 6 7 

- 1 . 5 1 
- 0 . 9 9 
- 0 . 5 2 
- 0 . 2 1 
+ 0 . 0 1 

+ 0 . 1 6 
- 0 . 0 9 
- 0 . 2 8 
- 0 . 6 3 
- 0 . 8 8 

- 1 . 2 3 
- 1 . 5 7 
- 1 . 7 6 
- 1 . 9 8 
- 2 . 1 7 

- 2 . 2 9 
- 2 . 3 2 
- 2 . 2 8 
- 2 . 2 7 
- 2 . 3 2 

-2 .33 
-2 .32 
-2 .32 
-2 . •• 
-2 .35 

0 . 9 9 
0 . 9 3 
O.89 
0 . 7 9 
0 . 7 3 

0 . 6 9 
0.61* 
0 . 5 9 
0 . 57 
0.1*8 

0.1*1* 
0.1*3 
0.1*0 
0 . 3 8 
0 . 3 5 
0.1*1 
0 . 5 0 
0 . 6 0 
0 . 7 0 

- 1 . 6 8 
- 1 . 5 9 
-1.1*3 
- 1 . 2 9 
-0.1.6 

- 0 . 0 9 
+0 .33 
+ 0 . 5 1 
+0 .93 
+0.51. 

1 . 0 7 
0 . 9 6 
0 . 8 6 
0 . 7 3 
0 . 6 2 

0.1*7 
0 . 3 3 
0.21. 
0 . 1 5 
0.08 

0.02 
0.02 
0.03 
0.03 
0.02 

0 . 0 1 
0 . 0 1 
0 . 0 1 
0 . 0 1 

0 . 2 2 
0 . 2 7 
0 . 3 8 
0.1.5 
0 . 7 9 

0 . 9 6 
1.11* 
1 . 2 2 
1.1*1 
1.21* 

- 1 2 . 5 0 

- 0 . 1 7 
- 0 . 6 7 
- 0 . 5 0 
- 1 . 5 0 
- 3 . 0 0 

- 5 .00 
- 7 . 3 3 

- 1 1 . 0 0 
- 1 3 . 1 7 
- 2 1 . 0 0 

- 2 8 . 1 7 
-1*0.67 
-53.31+ 
- 6 3 . 5 1 
- 7 3 . 0 1 

- 7 2 . 1 8 
- 7 1 . 1 8 
- 6 8 . 5 1 
- 6 2 . 6 8 
-1*5.3!+ 

- 1 . 6 7 

- O . 8 3 
- 1 . 3 3 
- 1 . 5 0 
- 2 . 0 0 
- 2 . 5 0 

- 2 . 6 7 
- 3 . 5 0 
- 3 . 6 7 
- 6 . 1 7 
- 8 . 5 0 

-11.31* 
- 2 1 . 1 7 
- 3 0 . 6 7 
-'•5.31+ 
- 5 9 . 5 1 
- 6 6 . 0 1 
- 6 8 . 8 5 
- 7 1 . 6 6 
- 7 2 . 0 1 

-71+.17 
- 7 1 . 0 0 
- 6 8 . 1 7 
- 6 3 . 0 0 
- 2 5 . 6 7 

-1*. 67 
- 2 . 50 
- 1 . 3 3 
+0 .17 

0 

1 7 . 8 7 

0.28 
0.1*2 
0.53 
0.70 
0.88 

1 . 2 0 
1.1*7 
1 . 0 2 
2 . 1 8 
3 . 0 3 

3 . 7 8 
5 . 1 8 
6. 53 
7 . 6 2 
8.61* 

9 . 3 2 
9 . 2 5 
8 . 5 9 
6 . 9 7 
1 . 8 8 

7 . 1 7 

0 . 1 0 
0 . 1 3 
0 . 2 2 
0 . 3 0 
0.1*3 

0 . 6 0 
0 . 7 5 
0 . 9 2 
1 . 2 2 
1.1*7 

1 . 7 3 
2 . 7 2 
3 . 7 2 
5 . 2 0 
6.67 
7 . 3 2 
7 . 6 2 
7 . 9 3 
8 . 1 0 
8 . 3 9 

8.32 
8 . 1 5 
7 . 9 7 
7.1+3 
3 . 6 8 

1 . 6 0 
1 . 2 8 
1 . 1 7 
1 . 0 2 
1 . 0 3 

1.1.1* .9 + 0 . 3 1 1 . 1 3 - 0 . 3 3 1 . 0 7 
6.1* 1* -1.81* 0 . 1 8 - 2 0 . 1 7 3 . 1 3 
3 . 1 - 3 2 . 1 - 2 . 0 1 O.09 -51+. 50 6 . 5 0 
1 . 3 -33.5 - 2 . 1 0 0.01* - 7 8 . 0 0 8 . 8 0 
0 . 0 0 . 0 0 . 0 — -71*. 00 6 . 1 7 

;; t e : t , t i n e a f t e r z e r o ; ly , s u r f a c e p r e s s u r e a t tiir.e t ; Pg , s c i l p r e s s u r e a t 3 5 - i n . l e v e l - , Dg , s o i l i l e i l e c t i o n a t 

• - i n . l e v e l ; & > d e f l e c t i o n of 1 a r e o f t e s t d e v i c e ; d^ , d e f l e c t i o n of t o p w i t h r e s p e c t t o b a s e of t e s t d e v i c e ; I ^ , 

t o t . 1 d e f l e c t i o n of t e s t d e v i c e ( t ^ * d ^ t ct> , d i f f e r e n t i a l d e f l e c t i o n (D ? - D«.); P c , p r e s s u r e a c t i n g on I n s i d e of 

t e s t d e v i c e ; ! , , , a v e r a g e f o r c e a c t i n g on t o p of t e s t d e v i c e ; AP , d i f f e r e n t i a l p r e s s u r e (P T - P g ) ; ^ , u n c o n f i n e d 

cCT^preseive s t r e n g t h of B o l l ; B , d i a m e t e r of t e s t d e v i c e . ( 1 of 5 s h e e t s ; 

35^ 



T a b l e 5 ( C o n t i n u e d ) 

t 
h r : rr-Ln 

F r e e c u r e 
Liii Deflections, in. 

Ap 

Force Per Unit 
Area Acting on 

Top of Device, pci 
P P 
C T AP 

Dii r .cns ion less P a r a m e t e r s 
P r e s s u r e 

KT 
Deflection 

a^p 
% AD T ^ x 1000 ^ x 100 

0 - 1 : 2 6 0 - 3 7 . 5 0 - 2 6 . 5 0 . 3 3 3 0.1*11 

Lowering t o p o f t e s t d e v i c e 

O.Ml -0.078 -13.00 6.85 

0 : 0 7 3 7 . 5 2 6 . 6 o.ool) 0 . 0 0 8 0 . 0 0 2 0 . 0 1 0 - 0 . 0 0 6 7 4 . 3 3 3 . 0 - 4 . 5 - 0 . 2 5 0 . 8 8 - 1 . 0 0 0 . 1 7 
0 : 3 2 3 7 . 5 2 6 . 9 0 . 0 2 4 0 . 0 2 1 0 . 0 1 1 0 . 0 3 2 - 0 . 0 0 8 6 5 . 3 2 9 . 0 - 8 . 5 - 0 . 4 7 0 . 7 7 - 1 . 3 3 0. 53 
0 : l t2 3 7 . 5 2 6 . 7 0 . 0 2 7 0 . 0 2 5 0 .014 0 . 0 3 9 - 0 . 0 1 2 6 3 . 2 2 8 . 1 - 9 . 4 - 0 . 5 2 0 . 7 5 - 2 . 0 0 0 . 6 5 
0:5lt 3 7 . 5 2 6 . 9 0 . 0 3 2 0 . 0 2 8 0 . 0 1 7 0 . 0 4 5 - 0 . 0 1 3 5 8 . 3 2 5 . 9 - 1 1 . 6 - 0 . 6 4 0 . 6 9 - 2 . 1 7 0 . 7 5 
1 : 1 7 3 7 . 5 2 6 . 9 0 . 0 3 8 0 , 0 3 0 0 . 0 2 7 0 . 0 5 7 - 0 . 0 1 9 4 5 . 2 2 0 . 1 - 1 7 . 4 - O . 9 6 0 . 5 4 - 3 . 1 7 0 . 9 5 
1 : 2 9 3 7 . 5 2 7 . 4 o . o l t l 0 . 0 3 1 0 . 0 3 3 O.C64 - 0 . 0 2 3 3 5 . 3 1 5 . 7 - 2 1 . 8 - 1 . 2 1 0 . 4 2 - 3 . 8 3 1 . 0 7 
1 : 5 0 3 7 . 5 2 7 . 5 0 . oi(6 0 . 0 3 1 o.oi(9 0 . 0 8 0 - 0 . 0 3 4 2 4 . 2 1 0 . 8 - 2 6 . 7 - 1 . 4 8 0 . 2 9 - 5 . 6 7 1 . 3 3 
2 : 1 1 3 7 . 5 2 7 . 7 0 . 0 5 2 0 . 0 3 3 0 . 0 6 3 0 . 0 9 6 - 0 . 0 4 4 1 6 . 3 7 . 3 - 3 0 . 2 - 1 . 6 7 0 . 1 9 -7.33 1 . 6 0 
2:1(1 3 7 . 5 2 7 . 7 0 . 0 5 7 0 . 0 3 2 0 . 0 9 6 0 . 1 2 8 - 0 . 0 7 1 2 . 3 1 . 0 - 3 6 . 5 - 2 . 0 2 0 . 0 3 - 1 1 . 8 4 2 . 1 3 

1 7 : 1 1 3 7 . 5 2 9 . 0 0 . 0 7 5 0 . 0 5 9 0 . 1 4 4 0 . 2 0 3 - 0 . 1 2 8 7 . 4 3 . 3 - 3 4 . 2 - 1 . 8 9 0 . 0 9 - 2 1 . 3 4 3 . 3 8 
17 :34 3 7 . 5 3 0 . 0 0 . 0 7 9 0 . 0 5 8 0 . 1 5 7 0 . 2 1 5 - 0 . 1 3 6 - 5 . 0 - 2 . 2 - 3 9 . 7 - 2 . 2 0 - 2 2 . 6 7 3 . 5 8 
1 8 : 0 9 3 7 . 5 3 0 . 0 0 . 0 8 5 0 . 0 6 2 0 . 1 6 9 0 . 2 3 1 - 0 . 1 4 6 Vacumr. o f unknown — .. - 2 4 . 3 4 3 . 8 5 
18:1(8 3 7 . 5 3 0 . 0 0.08k 0 .064 0 . 1 7 7 0 . 2 4 1 - 0 . 1 5 7 e x t e n t -- -- - 2 6 . 1 7 4 . 0 2 
Raising top of test device 

1 8 : 5 9 3 7 . 5 3 0 . 5 0.081- 0 . 0 6 5 0 . 1 7 6 0 . 2 4 1 - 0 . 1 5 7 0 0 - 3 7 . 5 - 2 . 0 8 0 - 2 6 . 1 7 4 . 0 2 
1 9 : 0 7 3 7 . 5 3 0 . 5 0 . 0 8 5 0 . 0 6 S 0 . 1 7 5 0 . 2 4 1 - 0 . 1 5 6 7 . 0 3 . 1 - 3 4 . 4 - 1 . 9 1 0 . 0 8 - 2 6 . 0 0 4 . 0 2 
19 :15 3 7 . 5 3 0 . 5 0 . 0 8 5 0 . 0 6 8 0 .174 0 . 2 4 2 - 0 . 1 5 7 1 5 . 0 6 . 7 - 3 0 . 8 - 1 . 7 1 0 . 1 8 - 2 6 . 1 7 4 . 0 3 
1 9 : 2 3 3 7 . 5 3 0 . 2 0 . 0 8 5 0 . 0 6 8 0 . 1 7 1 C.239 - 0 . 1 5 4 2 5 . 0 1 1 . 1 - 2 6 . 4 - 1 . 4 6 0 . 3 0 - 2 5 . 6 7 3 . 9 8 
1 9 : 3 3 3 7 . 5 3 1 . 0 0 . 0 8 5 0 . 0 7 1 0 . 1 5 6 0 . 2 2 7 - 0 . 1 4 2 4 7 . 0 2 0 . 9 - 1 6 . 6 - 0 . 9 2 0 . 5 6 - 2 3 . 6 7 3 . 7 8 
1 9 : 5 5 3 7 . 5 3 0 . 0 0 . 0 8 7 0 . 0 8 8 0 . 1 0 9 0 . 1 9 7 - 0 . 1 1 0 8 5 . 0 3 7 . 3 + 0 . 3 + 0 . 0 2 1 . 0 1 - 1 8 . 3 4 3 . 2 8 
2 0 : 5 3 3 7 . 5 3 0 . 0 0 . 0 8 7 0 . 1 3 1 0 . 0 2 2 0 . 1 5 3 - 0 . 0 6 6 1 0 2 . 0 4 5 . 3 + 7 . 8 + 0 . 4 3 1 . 2 1 - 1 1 . 0 0 2. 55 
2 1 : 0 6 3 7 . 5 3 0 . 0 0 . 0 8 9 0 . 1 4 5 0 0 . 1 4 5 - 0 . 0 5 6 1 3 4 . 0 5 9 . 6 + 2 2 . 1 • 1 . 2 2 1 . 5 9 - 9 . 3 4 2 . 4 2 
Raising pressure 

21:17 1*0.0 
21:30 1*5.0 
21:59 50.0 
22:11 50.0 

22:21 
22:32 
22. 59 
23:20 
23:̂ 3 

2 4 . 0 5 
2 4 : 1 9 
2 4 : 3 5 

89:1(9 

9 4 : 5 0 

50.0 
50.0 
50.0 
50.0 
50.0 

50.0 
30.0 

0 

3 1 . 0 0 . 0 9 5 0 . 1 5 2 0 0 . 1 5 2 - 0 . 0 5 7 — -- -- - 9 . 5 0 2. 53 
3 5 . 0 0 . 1 6 5 0.221* 0 0 .224 - 0 . 0 5 9 — -- -- — -- - 9 . 8 4 3 . 7 3 
3 8 . 0 0 . 3 2 5 0 . 3 9 5 0 0 . 3 9 5 - c . 0 7 0 — — -- - 1 1 . 6 7 6 . 5 8 
3 9 . 0 0 . 358 0 . 4 2 5 0 0 . 4 2 5 7 . 0 8 

:zt d e v i c e 

39-3 0 . 3 7 3 0 . 4 4 0 0 . 0 0 1 0 . 4 4 1 - 0 . 0 6 8 1 2 1 . : 5 3 . 8 + 3 . 8 + 0 . 2 1 1 . 0 8 - 1 1 . 3 4 7 . 3 5 
3 9 . 3 0 . 3 8 5 0 . 4 5 1 0.001* 0 . 4 5 5 - 0 . 0 7 0 1 0 0 . 0 4 4 . 4 - 5 . 6 - 0 . 3 1 O.89 - 1 1 . 6 7 7 . 5 8 
3 9 . 3 0 . 4 1 8 0 . 4 7 1 0 . 0 2 8 O.499 - 0 . 0 8 1 7 9 . 0 3 5 . 1 - 1 4 . 9 - 0 . 8 2 0 . 7 0 - 1 3 . 5 0 8 . 3 2 
3 9 . 6 0 . 4 3 1 0 . 4 7 0 0 . 0 5 9 0 . 5 2 9 - 0 . 0 9 8 - 3 . 0 1 9 . 1 - 3 0 . 9 - 1 . 7 1 0 . 3 8 - 1 6 . 3 4 8 . 8 2 
4 0 . 1 0 . 4 4 1 0 . 4 6 9 0 . 1 0 3 0 . 5 7 2 - 0 . 1 3 1 1 8 . 0 8 . 0 - 4 2 . 0 - 2 . 3 2 0 . 1 6 - 2 1 . 8 4 9.54 
4 0 . 6 0 . 4 5 5 0 . 4 6 9 0.11*5 0 .614 - 0 . 1 5 9 1 . 5 0 . 7 - 4 9 . 3 - 2 . 7 3 0 . 0 1 - 2 6 . 5 1 10 .24 
2 6 . 5 0 . 4 5 8 0 . 4 4 9 0.11*1* 0 . 5 9 3 - 0 . 1 3 5 1 . 5 0 . 7 - 2 9 - 5 - 1 . 6 3 0 . 0 2 - 2 2 . 5 0 9 . 6 9 

1 . 3 0 . 3 2 9 0. i l l 0 . 1 1 2 0 . 4 2 3 - 0 . 0 9 4 0 0 0 0 -- - 1 5 . 6 7 7 . 0 5 
1 c o i l u n d e r z e r o s u r f a c e p r e s s u r e 

0 . 2 9 0 0 . 2 5 6 0 . 1 0 2 0 . 3 6 0 - 0 . 0 7 0 0 . 7 5 0 . 3 + 0 . 3 +0. C2 — - 1 1 . 6 7 6 . 0 0 
>-in. l e v e l 

0.271* 0.21*8 0 . 1 1 4 0 . 3 6 2 6 . 0 3 

0-1:11 0-75.0 0-65.5 1.232 

Lowering top of test device 

0 : 0 5 
0 : 1 2 
0 : 1 9 
0 : 2 ? 
0:3!; 

0:1(0 
0 : 5 6 
1 : 0 7 
1 : 2 3 
1 : 3 7 

l : l i 7 
1 : 5 6 
2 : 0 7 
2 : 2 3 

75.0 
75.0 
75.0 
75.0 
75.0 

75.0 
75.0 
75.0 
75.0 
75.0 

6 5 . 8 
6 6 . 2 
6 6 . 2 
6 6 . 2 
66.1. 

6 6 . 6 
6 7 . 2 
6 7 . 8 
6 7 . 2 
6 7 . 5 

7 5 . 0 6 7 . 2 
7 5 . 0 6 7 . 2 
7 5 . 0 6 7 . 2 
7 5 . 0 6 7 . 8 

0 
0 . 0 0 1 
0 . 0 0 1 
0 . 0 0 2 
0 . 0 0 3 

0 .004 
0 . 0 0 5 
0 . 0 0 6 
0 . 0 0 6 
0 . 0 0 7 

0 . 0 0 8 
0 . 0 0 8 
0 . 0 0 8 
0 . 0 1 1 

Raising top of test device 

2 : 3 9 7 5 . 0 6 7 . 2 0 . 0 1 2 
3 : 0 3 7 5 . 0 6 7 . 7 0 . 0 1 6 
3 : 1 1 7 5 . 0 6 7 . 6 0 . 0 2 0 
3 : 1 8 7 5 . 0 6 7 . 3 0 . 0 2 1 
3 : 2 6 7 5 . 0 6 7 . 3 0 . 0 2 3 

1.15C 

- 0 . 0 C 1 
- 0 . 0 0 1 
- 0 . 0 0 3 
- 0 . 0 0 3 
- 0 . 0 0 3 

- 0 . 0 0 6 
- 0 . 0 1 0 
- 0 . 0 1 2 
- 0 . 0 2 4 
-0 .023 

- 0 . 0 2 2 
- 0 . 0 2 1 
- 0 . 0 2 0 
- 0 . 019 

- 0 . 0114 
- 0 . 0 0 5 
- C . 0 0 1 

0 
0 . 0 0 1 

T e s t '( 

1 . 1 5 0 +0 .082 - 2 2 5 . 0 - 1 0 0 . 0 - + 0 . 2 5 +1 .84 1 . 3 3 + 1 3 . 6 7 

0.004 
0.007 
0.010 
0.013 
0.018 

0 . 0 2 5 
0 . 0 4 6 
0 . 0 9 1 
0 . 1 9 1 
0 . 3 5 1 

0.1,11 
0. »>75 
0. It91 
0.1.99 

0.1)95 
0. Ii95 
0.1,91 
0. It87 
0.1t81t 

0.0C3 
0.006 
C.007 
0. 010 
0.015 

0.019 
0.036 
0. t'79 
0.167 
0.328 

0. 389 
0.1(26 
0.1(71 
0 . .'(80 

0. i(8l 
0.1(90 
0.1(90 
0. '(87 
0.1(8 5 

-0 .003 
-0 .005 
-0 .007 
- l ,CX\ 
- . 0 1 2 

- 0 . C15 
- 0 . 0 3 1 
- 0 . 0 7 3 
- 0 . 1 6 1 
- 0 . 3 2 1 

-C.3H1 
- .1(18 
- 0 . '(63 
-0.1(69 

-0.1(69 
- 0 . l(7l, 
-0.1(70 
-0.1.66 
- .1(62 

1 7 3 . 0 
1 6 5 . 0 
1 5 9 . 0 
1 5 5 . 0 
11(5.0 

11(0.0 
1 1 8 . 5 

8 6 . 5 
85 6 
7 5 . 0 

71. It 
7 0 . 0 
6 7 . 0 
3 3 . 5 

5 9 . 0 
1 4 4 . 0 
1 5 6 . 0 
1 6 3 . 0 
1 6 8 . 0 

7 6 . 9 
7 3 . 3 
7 0 . 7 
6 8 . 9 
64. •'( 

6 2 . 2 
5 2 . 7 
38. 4 
3 8 . 0 
3 3 . 3 

3 1 . 7 
3 1 . 1 
2 9 . 8 
l i t . 9 

2 6 . 2 
61.. 0 
6 9 . 3 
72.1. 
71.-7 

+1 . 4 
- 1 . 7 
-I*. 3 
- 6 . 1 

- 1 0 . 6 

- 1 2 . 8 
- 2 2 . 3 
- 3 6 . 6 
- 3 7 . 0 
-1 .1 .7 

-1*3.3 
- ' ( 3 . 9 
-1(5.2 
- 6 0 . 1 

-1(8.8 
- 1 1 . 0 

- 5 . 7 
- 2 . 6 
- 0 . 3 

+ 0 . 1 0 
- 0 . 1 2 
- 0 . 3 2 
-0.1(5 
- 0 . 7 8 

-0.911 
-1.0* 
- 2 . 6 9 
- 2 . 7 2 
- 3 . 0 6 

- 3 . 1 8 
- 3 . 2 3 
- 3 . 3 2 
-It. 1(2 

- 3 . 5 9 
- 0 . 8 1 
-0.1(2 
- 0 . 1 9 
- 0 . 0 2 

1 . 0 3 
O.98 
0 .9 ' ( 
0 . 9 2 
0 . 8 6 

0.83 
0 . 7 0 
0 . 5 1 
0. 51 
0 . 4 4 

0.1(2 
0.1(1 
0.1(0 
0.20 

0 . 3 5 
0 . 8 5 
0 . 9 2 
0 . 9 7 
1 . 0 0 

-0 . ;,0 
- 0 .63 
- 1 . 1 7 
- 1 . 3 3 
- 2 . 0 0 

- 2 . 5 0 
- 5 . 1 7 

- 1 2 . 1 7 
- 2 6 . 8 3 
- 5 3 . 5 0 

- 6 3 . 5 0 
- 6 9 . 6 7 
- 7 7 . 1 7 
- 7 8 . 1 7 

- 7 8 . 1 7 
- 7 9 . 0 0 
- 7 8 . 3 ? 
- 7 7 . 6 7 
- 7 7 . 0 0 

1 9 . 1 7 

0 . 0 5 
0 . 1 0 
0 . 1 2 
0 . 1 7 
0 . 2 5 

0 . 3 2 
0 . 6 0 
1 . 3 2 
2 . 7 8 
5 . 4 7 
6 . l t 8 
7 . 1 0 
7 . 8 5 
8 . 0 0 

8 . 0 2 
8 . 1 7 
8 . 1 7 
8 . 1 2 
8 . 0 8 

( C o n t i n u e d ) ( 2 o f 5 s h e e t s ) 
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Tabl<? 5 ( C o n t i n u e d ) 

t 
hr:min 

Pressure 

P s i Dellections, in. 

•S, 

Force Per Unit 
Area Acting on 

Top oT Dt-vice, psi 

Dimensionless Parameters 
res sure Deflection 

AD 

2*P PT r SB' 
S B 

• X 100 

Test U (Continued) 

Raising top of test device (Continued) 

3:35 
3:^7 
3:57 
it:06 
It: 19 

it: 27 
1*:39 
lt:Mt 

75.0 67.3 0.021* 
75.0 67.3 0.02't 
75.0 67.3 0.02't 
75.0 67.3 0.02U 
75.0 66.6 0.02U 

75.0 
75.0 
75.0 

66. It 0.02U 
66.2 0.021t 
65.6 0.02't 

Lowering top of test device 

It: 53 
5:0U 
5 : 1 5 
5 : 2 2 
5 . 3 2 

75.0 
75.0 
75.0 
75.0 
75.0 

5 : U l 7 5 . 0 
5 :50 7 5 . 0 
6 : 0 0 7 5 . 0 
6 : 0 5 * 7 5 . 0 

66.l t 
6 6 . 6 
6 6 . 6 
6 7 . 3 
6 7 . 3 

6 7 . 8 
6 7 . 8 
6 7 . 8 
6 7 . 8 

0.02U 
0 . 0 2 5 
0 . 0 2 5 
0 . 0 2 6 
0 . 0 2 7 

0.028 
0.028 
0.028 
0.028 

0.007 
0.015 
0.021 
0.029 
0.039 

0.055 
0.060 
0.060 

0.060 
0.060 
0.056 
0.0V7 
0.038 

0.018 
0.009 
0.008 
0.008 

Pressure on surfacc released 

6 : 1 9 0 0 0 . 9 2 6 0 . 8 8 3 
2 3 : 1 0 0 0 0 . 8 5 6 0 . 8 0 3 

0 - 3 7 . 5 - 1 . 2 5 1 -1.11*9 

H a i s i n g t o p of t e s t d e v i c e 

0 : 1 0 3 7 . 5 -0 .000U -O.OOOU 
0 : 2 7 37.lt 1 

- 0 . 0 0 1 1 -0.001*0 
0:sU 37.1* 1 - 0 . 0 0 3 0 - 0 . 0 1 7 7 
1 : 1 2 3 7 . 6 a 

0 -0.0031* - 0 . 0 3 7 7 
1 : 3 9 3 7 . 5 •H - 0 . 0 0 3 5 - 0 . 0 5 3 7 

1:U9 3 7 . 6 
O 

il - 0 . 0 0 3 6 - 0 . 0 6 5 7 
1 : 5 9 3 7 . 6 - . 0036 - 0 . 0 7 3 7 
2 : 0 9 37.'* *> >> - 0 . 0 0 3 7 - 0 . 0 7 7 7 
2 : 2 3 3 7 . 6 a u - 0 . 0 0 3 8 - 0 . 0 7 9 7 
2 : 2 6 3 7 . 6 <U 0 . 

!i) 0 -o .oo i i6 - 0 . 0 8 2 7 

2:1*2 3 7 . 5 
rt u 
O P. - 0 . 0 0 6 1 - 0 . 0 8 3 2 

O.U75 
O.Ultl 
0 . 3 9 7 
0 .31 ' t 
0 . 1 3 6 

0.027 
0.003 
0 

0 . 0 0 2 
0 . 0 0 5 
0 . 0 1 9 
0 .0 l t5 
0 . 0 8 9 

0 . 1 7 7 
0 . 3 5 3 
0. U83 
0.1*93 

0. It38 
0 . U23 

0. It82 
0.1*56 
0 . l t l 8 
0.3U3 
0 . 1 7 5 

0.082 
0.063 
0.060 

0.062 
0.065 
0.075 
0.102 
0.127 

0 . 1 9 5 
0 . 3 6 2 
0 . It91 
0. 501 

1.321 
1.226 

-0.lt58 
-0.lt 32 
-0.391* 
-0.319 
-0.151 

-0.058 
-0.039 
-0.036 

-0.038 
-O.OltO 
-0.050 
-0.076 
-0.100 

-0.167 
- 0 . 33»t 
- 0 . It63 
••0.1t73 

1 7 6 . 0 7 8 . 2 + 3 . 2 +0.21* I.OU - 7 6 . 3 3 8 . 0 3 
1 8 7 . 0 8 3 . 1 + 8 . 1 + 0 . 6 0 1 . 1 1 - 7 2 . 0 0 7 . 6 0 
2 0 2 . 0 8 9 . 8 + l l t . 8 + 1 . 0 9 1 . 2 0 - 6 5 . 6 7 6 . 9 7 
211l.0 9 5 . 1 + 2 0 . 1 +1.1*8 1 . 2 7 - 5 3 . 1 7 5 . 7 2 
2 2 5 . 0 1 0 0 . 0 +25 .0 +1.81* 1 . 3 3 - 2 5 . 1 7 2 . 9 2 

21*1*. 0 108.I1 +33- '* +2.1*5 l.ltl* - 9 . 6 7 1 . 3 7 
2 5 0 . 0 1 1 1 . 1 +36 1 • 2 . 6 5 l . l t 8 - 6 . 5 0 1 . 0 5 
2 5 7 . 0 111*. 2 + 3 9 . 2 + 2 . 8 8 1 . 5 2 - 6 . 0 0 1 . 0 0 

2 2 1 . 0 9 8 . 2 +23 .2 +1 .70 1 . 3 1 - 6 . 3 3 1 . 0 3 
2 0 5 . 0 9 1 . 1 + 1 6 . 1 + 1 . 1 8 1 . 2 1 - 6 . 6 7 1 . 0 8 
1 7 2 : 0 76.1* +1.1* + 0 . 1 0 1 . 0 2 - 8 . 3 3 1 . 2 5 
1 5 0 . 0 6 6 . 7 - 8 . 3 - 0 . 6 1 O.89 - 1 2 . 6 7 1 . 7 0 
1 3 6 . 0 60.1* - l i * . 6 - 1 . 0 7 0 . 8 1 - 1 6 . 6 7 2 . 1 2 

1 2 1 . 0 5 3 . 8 - 2 1 . 2 - 1 . 5 6 0 . 7 2 - 2 7 . 8 3 3 . 2 5 
9 7 . 0 l t3 .1 - 3 1 . 9 - 2 . 31* 0 . 5 7 - 5 5 . 6 7 6 . 0 3 
8 7 . 5 3 8 . 9 - 3 6 . 1 - 2 . 6 5 0 . 5 2 - 7 7 . 1 7 8 . 1 8 
5 5 . 0 2lt.l* - 5 0 . 6 - 3 . 7 2 0 . 3 3 - 7 8 . 8 3 8. 35 

-0.395 
-0.370 

Test 5 

It. 5 
3.5 

2.0 
1.6 

+2.0 +0.15 
+1.6 +0.12 

0.03 
0.02 

-65.83 
-61.67 

+0.0007 
+0.0058 
+0.0ltU3 
+0 .1263 
+0 .2203 

+0 .3293 
+0.U373 
+O.U553 
+0. It 723 
+0.11973 

Lowering top of test device 

2: l t9 
2 : 5 6 
3 : 0 2 
3 : 1 3 
3:2U 

3 : 3 5 
3:*i5 
3 : 5 8 
! t :08 
5 : 1 3 

5:1*6 
9 : I I 6 

21:1*6 
2 2 : 1 1 

3 7 . 6 
3 7 . 5 
3 7 . 6 
3 7 . 6 
3 7 . 6 

3 7 . 6 
37.lt 
3 7 . 5 
3 7 . 5 
37.l t 

37 . U 
3 7 . 5 
3 7 . 5 
3 5 . 5 

- 0 . 0 0 6 2 
- 0 . 0 0 6 2 
- 0 . 0 0 6 3 
- 0 . 0 0 6 3 
-0.0061t 

-0 .006U 
-o.oo6i* 
- 0 . 0 0 6 5 
- 0 . 0 0 6 5 
- 0 . 0 1 1 5 

- 0 . 0 1 1 8 
- 0 . 0 1 1 8 
-0 .01U2 
-0.01311 

Lowering surface pressure 

22:17 29.6 
22:2U 15.5 
22:30 7.5 
22:36 3.5 
22:1*6 0 

2 3 : 1 3 

-0.0073 
? +0 .0311 
a +0.0820 

8 -2 "d +0.1272 
O O P . +0. 2188 
M C O 

o v. p, +0.2lt06 

+0 .0003 
+0 .0018 
+0. 0266 
+0.0886 
+0 .1668 

+0 .2636 
+0 .3636 
+0 .3776 
+0 .3926 
+0. U1I16 

+0. 1*973 +0. I t l l t l 

+0.001 
+0.003 
+0.030 
+0.092 
+0.170 

+0.267 
+ 0 . 3 6 7 
+0.381 
+0 .396 
+0.1*19 

+0.1*20 

9 7 . 0 
1 2 0 . 0 
l l t 8 . 5 
1 6 5 . 0 
1 6 9 . 0 

171.0 
172.0 
172.0 
172.0 
211*. 0 

U3.1 
5 3 . 3 
6 6 . 0 
7 3 . 3 
7 5 . 1 

7 6 . 0 
76.i t 
76. l t 
76. U 
9 5 . 1 

+ 5 . 6 
+15 .9 
+28 .6 
+ 3 5 . 7 
+ 3 7 . 6 

+38. It 
+ 3 8 . 8 
+39-0 
+ 3 8 . 8 
+ 5 7 . 5 

+0.U0 
+1. lit 
+ 2 . 0 6 
+ 2 . 5 7 
+ 2 . 7 1 

+ 2 . 7 6 
+2 .79 
+ 2 . 8 1 
+ 2 . 7 9 
+U.1I1 

1 . 1 5 
1.U2 
1 . 7 6 
1 . 9 5 
2 . 0 0 

2 . 0 2 
2 . 0 3 
2.0U 
2 . 0 3 
2. 53 

1 7 9 . 0 7 9 . 5 +It2.0 + 3 . 0 2 2 . 1 2 

+ 0 . 1 7 
+0. 50 
+5 .00 

+15.3"t 
+28.3*t 

+ltlt. 51 
+61 .18 
+ 6 3 . 5 1 
+ 6 6 . 0 1 
+69 .85 

+ 7 0 . 0 1 

- 0 . 0 8 3 6 
-0.083I1 
- 0 . 0 8 0 4 
- 0 . 0 7 3 9 
- 0 . 0 6 5 6 

- 0 . 0 6 0 7 
- 0 . 0 5 6 7 
- 0 . 0 5 3 3 
- 0 . 0 5 1 2 
- 0 . 0 5 0 3 

- 0 . 0 l t 8 8 
-0 .0U87 
-0 .050U 
-0.0J185 

-0.0U16 
-0.0056 
+0.0522 
+0.0979 
+0.1859 

+0. 20Vt 

+0. Itp65 
+0.1+955 
+0. It829 
+0.1t5lt5 
+0.3f-l*3 

+0 .3037 
+0 .2213 
+0. 11*78 
+0 .1139 
+0.06911 

+0.0653 
+0.0536 
+0.0361 
+0.0360 

+0.0363 
+0.037lt 
+0.01*29 
+0.0lt52 
+O.Olt58 

+0. I t l29 
+0.1|121 
+0. l|02lt 
+0 .3806 
+0 .3287 

+0.21*30 
+ 0 . 1 6 " 6 
+0.09U5 
+0 .0627 
+ 0 . 0 1 9 1 

+0 .0165 
+0.00l t9 
- 0 . 0 1 l t 3 
- 0 . 0 1 2 5 

- 0 . 0 0 5 3 
+0 .0318 
+ 0 . 0 9 5 1 
+0. l i t 31 
+0 .2317 

+0.0020 
+0.0007 
+0.0131 
+0.0159 
+0.0129 

1 1 . 0 
1 1 . 0 

7 . 0 
7 . 5 

1 0 . 0 

It. 9 
' t . 9 
3 . 1 
3 . 3 
it.!* 

- 2 8 . 7 
- 1 0 . 6 

-l t . l t 
- 0 . 2 
+!*.!* 

- 2 . 0 7 
- 0 . 7 6 
- 0 . 3 2 
- 0 . 0 1 
+0 .32 

0 . 1 7 
0. 32 
O. l t l 
0 .9 ' i 

+0.01*63 +0 .2507 + 0 . 0 1 0 1 1 0 . 0 It. 1* +1*. U +0 .32 

T e s t 6 

+ 0 . 3 3 
+0 .12 
+2 .18 
+ 2 . 6 5 
+ 2 . 1 5 

+1 .68 

22.02 
20.113 

- I .1 I19 - 0 . 0 0 1 - 1 . 1 5 0 + 0 . 1 0 1 61*. 5 2 8 . 7 - 8 . 8 - 0 . 6 3 0 . 7 7 + 1 6 . 8 3 1 9 . 1 7 

0 . 0 1 
0 . 0 3 
O.ltlt 
l . i*8 
2 . 7 8 

"*.39 
6 . 0 6 
6 . 2 9 
6.5I* 
6 . 9 1 

6 . 9 0 

+0.U19 1 5 9 . 0 7 0 . 7 + 3 3 . 1 +2 .38 1 . 8 8 +69. 85 6 . 8 8 
+0.1*18 11*6.0 61*.9 +27. l* +1 .97 1 . 7 3 + 6 9 . 6 8 6 . 8 7 
+0.1*09 1 1 6 . 0 5 1 . 6 +H*. 0 + 1 . 0 1 1 . 3 7 +68 .18 6 . 7 1 
+ 0 . 3 8 7 8 8 . 5 3 9 . 3 + 1 . 7 +0 .12 l .Olt +6lt. 51 6. 3"* 
+0 .335 5 8 . 5 2 6 . 0 - 1 1 . 6 -0.81* 0 . 6 9 +55.81* 5.1*8 

+0.21*9 3 3 . 5 11*. 9 - 2 2 . 7 - 1 . 6 3 O.ltO +1*1.51 1*. 05 
+ 0 . 1 7 1 1 6 . 5 7 . 3 - 3 0 . 1 - 2 . 1 7 0 . 2 0 +28 .51 2.71* 
+ 0 . 1 0 1 6 . 5 2 . 9 -31*. 6 - 2 . l t 9 0 . 0 8 +16.81* 1. 58 
+0 .069 2 . 5 1 . 1 -36 . l t - 2 . 6 2 0 . 0 3 +11 .50 1 . 0 5 
+ 0 . 0 3 1 5 . 0 2 . 2 - 3 5 . 2 - 2 . 53 0 . 0 6 + 5 . 1 7 0 . 5 2 

+ 0 . 0 2 8 5 . 0 2 . 2 - 3 5 . 2 - 2 . 5 3 0 . 0 6 +1*. 67 0 . 2 8 
+0 .017 8 . 0 3 . 6 - 3 3 - 9 - 2 . lilt 0 . 1 0 +2 .83 0 . 0 8 
- 0 . 0 0 0 1 1 1 . 0 ' • . 9 - 3 2 . 6 - 2 . 35 0 . 1 3 - 0 . 0 2 -0 .2 l t 
+0 .0009 1 0 . 0 l*.l* - 3 1 . 1 -2.21t 0 . 1 2 + 0 . 1 5 - 0 . 2 1 

- 0 . 0 9 
0 . 5 3 
1 . 5 9 
2 . 3 9 
3 . 8 6 

it. 18 

;1C 5 . 7 1 . 6 0 . 0 2 3 0 . 0 2 3 • 0 . 0 2 9 
0:2 . \ 9 . 8 2 . 9 0 . 0 7 0 0 . 0 7 2 0 . 0 1 6 0 . 0 8 8 
0 :3 - ' l i t . 8 6 . 5 0 . 1 5 5 0 . 1 5 0 0 .C 31 0 . 1 8 1 
0 : l t7 1 9 - 9 1 2 . 9 0.27lt 0 . 2 6 3 0 . 0 5 1 0.31"t 
1 : 2 7 2U.8 1 8 . 2 0 . i t l 8 0 . 3 8 0 0 . 0 7 2 0. it52 

- 0 . 0 0 6 NA 1 . 2 -It . 5 - 0 . 3 3 0 . 2 1 - 1 . 0 0 O.UB 
- 0 . 0 1 8 3 . 1 - 6 . 7 -0.1*9 0 . 3 2 - 3 . 0 0 I . l i 7 
- 0 . 0 2 6 5 . 9 - 8 . 9 - 0 . 6 5 0.1*0 - i t . 33 3 . 0 2 
- 0 . olio 9 . 6 - 1 0 . 3 - 0 . 7 6 0.1*8 - 6 . 6 7 5 . 2 3 
-0 .03U 1 3 . 6 - 1 1 . 2 - 0 . 8 2 0. 55 - 5 . 6 7 7 . 5 3 

( C o n t i n u e d ) 

Note : NA, not applicable. 
Force on top not reliable, top into stop. (3 of 5 sheets) 
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T a b l e 5 ( C o n t i n u e d ) 

t 
h r t m i n 

1:U7 
2 : 0 7 
2 : 2 0 
3 : 0 8 
3 : 2 8 

>4:05 
U:l t l 
5 : 0 0 
5 : 1 1 
5 : 2 3 

5 : 3 8 
6:0U 
6 : 1 6 
6 : 3 8 
6:l.l( 

7 : 0 9 
7 : 2 2 
l-.hl 

2 3 : 1 1 
2 9 : 3 1 

3U:21 
5 0 . 3 9 
55 :28 
59 :30 
7 0 : 1 7 

70:149 
7 1 : 0 5 
7 1 : 1 8 
7 1 : 3 0 
71: UO 

7 1 : 5 0 
72:1)9 

0 : 1 8 
0 : 2 9 
0 : 3 9 
0 : 5 ^ 
1 : 0 8 

l : 1 6 t 
1 : 3 3 
0 
0 : 2 2 
0 : 3 6 

0 : 5 7 
1 : 1 6 
1 : 3 7 
2 : 0 6 
2 : 2 1 

2 : 3 1 
2:U2 
2 : 5 7 
14:06 

Pressure 
psi Deflections, in. 

Force Per Unit 
Area Acting on 

Top of Device, psi 

Dimensionless Parameters 
res sure Deflection 

De AD AP 

» \ P 

"u 
7r± AD X 1000 

2 9 . 2 
3 6 . 3 
3 7 . 5 
3 6 . 5 
1 9 . 3 

2 5 . 0 
IP . 0 
114.7 
9-5 
14.8 

0 
0 
5 . 0 
9 . 7 

1 5 . 2 

25.7 
30.2 
38.5 
38.0 
38.0 

37.5 
39.5 
38.7 
38.7 
38.5 
3>4.1 
29.8 
214.2 
1 8 . 0 
1 3 . 5 

8 .0 
0 

5.5 
1 0 . 0 
1 5 . 0 
2 0 . 2 
214.9 

2 9 . 7 
0 
0 

1 0 . 0 
1 9 . 9 

3 0 . 0 
3 5 . 2 
3 7 . 5 
37. U 
2 9 . 8 

2 0 . 0 
1 0 . 1 

0 
0 

2 2 . 8 
3 1 . 2 
3 3 . 2 
3 3 . 8 
3 6 . 8 

2 3 . 6 
1 8 . 6 
II4.6 
1 0 . 7 

5.9 
3.14 
2 . 8 
3.14 
6 . 2 

1 1 . 5 

2 1 . 2 
27.14 
3 6 . 2 
3 9 . 0 
39-6 
U2.1 
3 9 . 3 
3 9 . 0 
39 -0 
3 9 . 0 

3 5 . 1 
3 1 . 2 
2 5 . 8 
2 0 . 2 
16.6 
1 1 . 2 
8.7 

5 . 2 
1 0 . 7 
1 6 . 5 
2 2 . 3 
2 8 . 2 

0 
0 

1 2 . 1 
2 1 . 0 

3 6 . 1 
I4I.I4 
U6.2 
U6 .1 
3 7 . 1 

2 5 . 1 
1 . 0 
0 
0 

0.5514 
0 . 7 6 6 
0 . 8 1 0 
0.8147 
0 . 8 8 5 

0 . 8 6 0 
0 . 8 2 9 
0 . 8 0 3 
0 . 7 5 1 
0.6814 

0 . 5 6 0 
0 . 5 3 5 
0.5148 
0. 58I4 
0.6145 

0.759 
0 . 8 1 0 
0 . 9 3 2 
I.00I4 
1 . 0 1 1 

1 . 0 2 0 
1 . 0 3 5 
1 . 0 3 6 
1 . 0 3 8 
1.0142 

1 . 0 3 9 
1. O3I4 
1 . 0 2 2 
1 . 0 0 0 
O.98O 

0.933 
0.7148 

0 . 0 1 6 
0 . 0 6 3 
0 . 1 5 0 
0 . 2 7 7 
O.I4II 

0 . 2 9 2 
0 . 2 7 5 
0 . 3 0 2 
0 . 3 9 8 

0 . 5 7 9 
0 . 7 5 5 
0 . 8 5 7 
O.89I4 
O.88I4 

0 . 7 8 9 
0 . 6 3 6 
0 . 6 0 5 

O.I49I4 
0 . 6 6 0 
0 . 6 9 9 
0 . 7 2 8 
0 . 7 5 7 

0 . 7 3 6 
0 . 7 0 6 
0 . 6 7 9 
0 . 6 3 2 
0 . 5 7 1 

0. U6h 
O.U37 
O.I4I49 
O.I48I4 
0 . 5 3 7 

0 . 6 3 8 
0 . 6 8 1 
0 . 7 8 9 
0 . 8 6 2 
0 . 8 6 7 

0 . 8 7 3 
0 . 8 8 6 
0 . 8 8 7 
0 . 8 9 0 
0. i92 

0 . ? 9 2 
0 . 8 8 3 
0 . 8 7 3 
0 . 8 5 9 

0 . 7 9 3 
0 . 6 2 6 

0.01941* 
0 .069** 
0 .160** 
0.2964"* 
0.1430** 

0 . 0 9 1 
0 . 1 1 9 
0.1214 
0 . 1 2 7 
0 . 1 3 2 

0.120 
0.110 
. 1 

0.082 
0.057 
0 . 0 1 8 
0.0114 
0 . 0 3 0 
O.OI48 
0 . 0 6 9 

0 . 0 9 3 
0 . 1 0 5 
0 . 1 3 0 
0 . 1 3 8 
0 . 1 3 9 

0 . 1 3 9 
0.1141 
O . l U l 
0 . I I4 I 
0 . I I4 I 

0.1140 
0 . 1 3 7 
0 . 1 3 2 
0.12I4 
C.115 

0.0914 
0 . 0 3 2 

0 . 0 0 5 
0 . 0 1 1 
0 . 0 1 6 
0 . 0 2 1 
0 . 0 2 5 

0. 287** 
0 .262** 
0 . 2 9 6 * * 
0.140144* 

0. 5SI4** 
0 .752** 
0. 8I45** 
0 . 8 7 9 * * 
0 .873** 

0 .839** 
0 .763** 
0 .603** 
0.56641* 

0 . 0 0 8 
0 . 0 1 9 

0 . 0 2 9 
0.03I4 
O.O36 
0 . 0 3 6 
0 . 0 3 1 

0 . 0 2 3 
0 . 0 1 1 
0 
0 

Tos t 6 ( C o n t i n u e d ) 

0. 585 
0.779 
0.823 
0.855 
0.889 

0 . 8 5 6 
0 . 8 1 6 
0 . 7 7 9 
O.71I4 
0 . 6 2 8 

O.I482 
O.I45I 
O.I479 
0 . 5 3 2 
0 . 6 0 6 

0 . 7 3 1 
0 . 7 8 6 
0 . 9 1 9 
1 . 0 0 0 
1 . 0 0 6 

1.012 
1.027 
1.028 
1.031 
1.033 

1 . 0 3 2 
1 . 0 2 0 
1 . 0 0 5 
O.983 
0.9148 

0 . 8 8 7 
0 . 6 5 8 

0.021 
0 . 0 6 0 
0 . 1 7 6 
0 . 3 1 7 
0.1455 

0 . 2 8 7 
0 . 2 6 2 
0. 3014 
0.1420 

0 . 6 1 3 
0 . 7 8 6 
0 . 8 8 1 
0 . 9 1 5 
0.9014 

0 . 8 6 2 
0.77li 
0 . 6 0 3 
0.566 

- 0 . 0 3 1 
- 0 . 0 1 3 
- 0 . 0 1 3 
-O.OOfc 
-O.OOU 

-0.0014 
- 0 . O 1 3 
-0.0214 
- 0 . 0 3 7 
- 0 . 0 5 6 

-0 .078 
-O.O8I4 
- 0 . 0 6 9 
- 0 . 0 5 2 
- 0 . 0 3 9 

- 0 . 0 2 8 
-0.02I4 
- 0 . 0 1 3 
-0.0014 
- 0 . 0 0 5 

- 0 . 0 0 8 
- 0 . 0 0 8 
- 0 . 0 0 8 
- 0 . 0 0 7 
- 0 . 0 0 9 

-0 .007 
-0 .0II4 
- 0 . 0 1 7 
- 0 . 0 1 7 
-0 .032 

-0.0I46 
- 0 . 0 9 0 

T e s t 7 

- 0 . 0 0 8 * * 
- 0 . 0 1 7 * * 
- 0 . 0 2 6 * * 
-0.0140** 
-0.0UI4** 

NA 

1 7 . 2 - 1 2 . 0 - 0 . 8 8 
22. U - 1 3 . 9 - 1 . 0 2 
23.14 - I I 4 . I - I .0 I4 
2U.0 - 1 2 . 5 - 0 . 9 2 
2 5 . 0 - I I4 .3 - 1 . 0 5 

2 2 . 5 - 2 . 5 - 0 . 1 8 
2 0 . 7 + 1 . 7 + 0 . 1 2 
1 8 . 9 +I4.2 + 0 . 3 1 
1 5 . 5 + 6 . 0 +O.I4I4 
1 0 . 8 + 6 . 0 +0.14I4 

3 . 5 + 3 . 5 + 0 . 2 6 
2 . 7 + 2 . 7 +0 .20 
5 . 6 + 0 . 6 +0.0"4 
9 . 0 - 0 . 7 - 0 . 0 5 

1 3 . 0 - 2 . 2 - 0 . 1 6 

1 7 . 5 - 6 . 2 - 0 . 6 0 
1 9 . 8 -10.14 - 0 . 7 6 
2 2 . 6 - 1 5 . 9 - 1 . 1 7 
2 6 . 1 - 1 1 . 9 - 0 . 8 7 
2 6 . 3 - 1 1 . 7 - 0 . 8 6 

2 6 . 3 - 1 1 . 2 - 0 . 8 2 
26.6 - 1 2 . 9 - 0 . 9 5 
2 6 . 6 - 1 2 . 1 - . • 
2 6 . 6 - 1 2 . 1 - . 9 
2 6 . 6 - 1 1 . 9 - 0 . 8 7 

26.14 - 7 . 7 - 0 . 5 7 
2 5 . 9 -3 .9 - 0 . 2 9 
2 5 . 0 + 0 . 8 +0 .06 
2 3 . 5 + 5 . 5 +0. Uo 
2 1 . 8 +8.3 + 0 . 6 1 

1 7 . 8 + 9 . 8 + 0 . 7 2 
6 . 0 + 6 . 0 +0.I4I4 

0 . 5 9 
0 . 6 2 
0 . 6 2 
0 . 6 6 
O.6I4 

0 . 9 0 
1 . 0 9 
1 . 2 9 
1 . 6 3 
2 . 2 5 

1 . 1 2 
0 . 9 3 
0 . 8 6 

0 . 6 8 
0 . 6 6 
O.59 
0 . 6 9 
0 . 6 9 

0 . 7 0 
0 . 6 7 
0 . 6 9 
0 . 6 9 
0 . 6 9 

0 . 7 7 
0 . 8 7 
1 . 0 3 
1 . 3 0 
1 . 6 1 

2.23 

- 5 . 1 7 
- 2 . 1 7 
- 2 . 1 7 
- 1 . 3 3 
- 0 . 6 7 

- 0 . 6 7 
- 2 . 1 7 
-U.C0 
- 6 . 1 7 
-9-33 

- 1 3 . 0 0 
-II4.OO 
- 1 1 . 5 0 

- 8 . 6 7 
- 6 . 5 0 

-14.67 
-I4.00 
- 2 . 1 7 
- 0 . 6 7 
- 0 . 8 3 

- 1 . 3 3 
- 1 . 3 3 
- 1 . 3 3 
- 1 . 1 7 
- 1 . 5 0 

- 1 . 1 7 
- 2 . 3 3 
- 2 . 8 3 
- 2 . 8 3 
- 5 . 3 3 

- 7 . 6 7 
- 1 5 . 0 0 

DT rx 10C 

9 . 7 5 
1 2 . 9 9 
1 3 . 7 2 
114.25 
114.82 

I U . 2 7 
1 3 . 6 0 
1 2 . 9 9 
1 1 . 9 0 
10.147 

8 . 0 3 
7 . 5 2 
7 . 9 8 
8 . 8 7 

1 0 . 1 0 

1 2 . 1 9 
1 3 . 1 0 
1 5 . 3 2 
1 6 . 6 7 
1 6 . 7 7 

1 6 . 8 7 
1 7 . 1 2 
17.1I4 
1 7 . 1 9 
1 7 . 2 2 

1 7 . 2 0 
1 7 . 0 0 
1 6 . 7 5 
1 6 . 3 9 
1 5 . 8 0 

114.79 
1 0 . 9 7 

3.8 - 1 . 7 - 0 . 1 3 0 . 6 9 - 1 . 3 3 * * 0 .U0** 
8.14 - 1 . 6 - 0 . 1 2 O.8I4 - 2 . £9** 1 . 3 3 * * 

1 2 . 2 - 2 . 9 - J . 21 0 . 8 1 . l t . 3 3 * * 2 . 9 3 * * 
17.1- - 2 . 6 - 0 . 2 1 0 . 8 6 -6.67** 5 . 2 8 * * 
2 2 . 2 - 2 . 7 - 0 . 2 0 O.89 - 7 . 3 3 * * 7 . 5 8 * * 

+0.005** +0. 83** 14.78** 
+0.01344* — — +2.17** U.37** 
- 0 . 0 0 2 * * 6 . 1 -3 .9 - 0 . 2 9 C. 6 1 - 0 . 3 3 * * 5 . 0 7 * * 
- 0 . 0 2 2 * * II4.5 -5.14 -0.140 0 . 7 3 -3.67** 7. CO** 

-0.031444* 214.7 -5 .3 - 0 . 3 9 0 . 8 2 - 5 . 6 7 * * 1 0 . 2 2 * * 
- 0 . 0 3 1 * * 3 0 . 2 - 5 . 0 - 0 . 3 7 0 . 8 6 - 5 . 1 7 * * 1 3 . 1 0 * * 
-0.02I4** 3 1 . 9 - 5 . 6 -0.142 0 . 8 5 -14.00** 1U.68** 
- 0 . 0 2 1 * * 3 1 . 9 - 5 . 5 - O . U 0 . 8 5 - 3 . 5 0 * * 15 .25** 
- 0 . 0 2 0 * * 2 7 . 5 - 2 . 3 - 0 . 1 7 O.92 -3.33** 1 5 . 0 6 * * 

- 0 . 0 0 6 * * 1 8 . 0 - 2 . 0 - 0 . 1 5 0 . 9 0 -1.004H4 114.37** 
+0.015** 8.14 - 1 . 7 - 0 . 1 3 0 . 8 3 +2 .50** 1 2 . 9 0 * * 
+0.033** 0 0 — — + 5 . 5 0 * * 10 .05** 
+0.039** 0 0 — — +6 .50** 9 . *43** 

T e s t 8 

0 : 0 8 
0 : 1 8 
0:U3 
1 : 3 0 
1 : 5 8 

2 : 0 9 
2 : 2 1 
2 : 3 2 
2:146 
3: OU 

3 :19 
3:314 
3 : 5 7 
14:22 
U:U8 

5 . 0 
1 0 . 0 
2 0 . 0 
3 0 . 0 
140.0 

145.0 
5 0 . 0 
5 5 . 0 
6 0 . 0 
6 5 . 0 

70.0 
75.0 
100.0 
125.0 
150.0 

1 . 7 
5.'4 

5 0 . 9 
5 6 . 3 
61.14 
66.3 
72.0 

76.7 
79-9 

1 0 0 . 7 

0 . 0 3 1 
0 . 1 2 7 
0 . 3 9 9 
0 . 7 2 7 
0 . 9 8 0 

1 . 0 8 6 
1.1814 
1 . 2 6 3 
1. 3'4l4 
1.1408 

I.I4I45 
I .I480 
1 . 5 9 6 
1 . 6 6 1 
1 . 6 9 0 

0 . 0 2 9 
0 . 1 1 8 
0 . 3 7 3 
0 . 6 8 5 
0 . 9 2 2 

1 . 0 2 0 
1 . 1 1 2 
I . I8I4 
1 . 2 5 9 
1.3214 

1 . 3 6 5 
1.14O3 
1.5214 
1.5814 
1 . 6 2 2 

O.OOI4 
0 . 0 1 3 
0 . 0 3 1 
O.OI48 
0 . 0 6 6 

O.O7I4 
0 . 0 8 2 
0 . 0 9 0 
0 . 0 9 7 
0 . 1 0 6 

0 . 1 1 3 
0 . 1 2 0 
0 . 1 5 5 
0 . 1 8 6 
0 . 2 1 6 

0.033 
0 . 1 3 1 
O.I4OI4 
0 . 7 3 3 
0 . 9 8 8 

I.09I4 
1.19I4 
1.27I4 
1 . 3 5 6 
I.I430 

1 . W 
1 . 5 2 3 
1 . 6 7 9 
1 . 7 7 0 
I . 8 3 8 

( C o n t i n u e d ) 

- 0 . 0 0 2 MA 2 . 0 - 3 . 0 - 0 . 0 3 0.140 -0.33 0. 55 
-0.0014 7 . 0 - 3 . 0 - 0 . 3 0 . 7 0 - 0 . 6 7 2 . 1 8 
- 0 . 0 0 5 1 6 . 0 -I4.0 -0.I4 0 . 8 0 - 0 . 8 3 6 . 7 3 
- 0 . 0 0 6 2 5 . 0 - 5 . 0 -0.I4 0 . 8 3 - 1 . 0 0 1 2 . 2 2 
- 0 . 0 0 7 314.0 - 6 . 0 - 0 . 5 0 . 8 5 - 1 . 1 7 16.147 

- 0 . 0 0 8 3 9 . 0 - 6 . 0 - 0 . 5 0 . 8 7 - 1 . 3 3 18.214 
- 0 . 0 1 0 I43.O - 7 . 0 - 0 . 6 0 . 8 6 - 1 . 6 7 1 9 . 9 0 
- 0 . 0 1 1 I47.O - 8 . 0 - 0 . 7 0 . 8 5 - 1 . 8 3 2 1 . 2 3 
- 0 . 0 1 2 5 1 . 0 - 9 . 0 - 0 . 8 0 . 8 5 - 2 . 0 0 2 2 . 6 0 
- 0 . 0 2 2 55.0 - 1 0 . 0 - 0 . 9 0 . 8 5 - 3 . 6 7 23.814 

- 0 . 0 3 3 5 9 . 0 - 1 1 . 0 - 1 . 0 0.814 -5.50 2I4.6I4 
- 0 . 0 U 3 6 3 . 0 - 1 2 . 0 - 1 . 1 0.814 - 7 . 1 7 25.39 
- 0 . 0 8 3 8 1 . 0 - 1 9 . 0 - 1 . 6 0 . 8 1 -13.8I4 2 7 . 9 9 
- 0 . 1 0 9 9 7 . 0 - 2 8 . 0 - 2 . 5 0 . 7 8 - 1 8 . 1 7 29. 51 
- 0 . II48 1 1 3 . 0 - 3 7 . 0 - 3 . 2 0 . 7 5 -214.67 30.6U 

** Questionable values due to malfunction in one of base gages 
t Pressure container broke. (I4 of 5 sheets) 
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Table 5 (Conc luded) 

t 
h r r r n n 

5 : 1 8 
5 : U l 
5 : 5 8 
6:5"» 
7 : 1 8 

2 2 : 0 0 
2 2 : 0 8 
2 2 : 2 3 
2 2 : 3 6 
22: U5 

22:58 
23:13 
23:26 
23: U0 
23:58 

2U-.06 
2l<:27 
2 ^ : 3 9 
214:56 
2 5 : 1 1 

25:28 
25: U8 
26:03 
26: ih 
27:03 

Pressurt 

ESi D. I'icctiun:-, in. 

Force lor Unit 
Area Acting on 

Tup ol" L)- vice, p:: 

l ' i : :• .nciutil t .v. i'arar.«-tt.-iv. 
r e c s u r e D e f l e c t i o n 

1 7 5 . 0 
2 0 0 . 0 
2 1 5 . 0 
2 1 6 . 0 
2U0.0 

2U0.0 
235.0 
230.0 
225.0 
220.0 

215.0 
210.0 
205.0 
200.0 
195.0 

190.0 
165.0 
lUO.O 
115.0 
90.0 

6 5 . 0 
UO.O 
1 5 . 0 

0 
0 

" b AD P „ 

1 . 7 0 9 
1 . 7 2 2 
1 . 7 3 3 
1 . 7 3 7 
i.yuts 
1 . 7 6 6 
1 . 7 6 1 J 
1 .764 
1.76U 
1 . 7 6 7 

1 . 7 6 7 
1 . 7 6 6 
1 . 7 6 6 
I.76I4 
1 . 7 6 4 

I.76I4 
1 . 7 6 5 
1.76U 
1.7614 
1 . 7 6 7 

1 . 7 6 7 
1 . 7 6 6 
1 . 7 . -
I .03U 
0 . 9 7 3 

1 . 6 2 7 
1 . 6 3 5 
I .&40 
1 .6U1 
1.6V4 

1 .67k 
1 . 6 7 1 
1 . 6 7 1 
1 . 6 7 0 
1 . 6 7 3 

1.673 
1 . 6 7 2 
1 . 6 7 2 
1 . 6 7 2 
1 . 6 7 1 

1 . 6 7 1 
1 . 6 7 1 
1 . 6 7 2 
1 . 6 7 2 
1 . 6 7 3 

I .67U 
1.61"5 
1 . 5 1 3 
0.981* 
0 . 9 ^ 3 

0.2148 
0 . 2 8 0 
0 . 3 0 3 
0 . 3 1 7 
O.3U5 

0 . 3 6 2 
0 . 3 6 1 
0 . 3 6 1 
0 . 3 6 0 
0 . 3 5 9 

0.356 
0.35*< 
0.352 
0.350 
0. 3I47 

0.3Wt 
0 . 3 2 8 
0. 305 
0.27U 
0.2U3 

0 . 2 0 2 
O.II45 
0 . 0 7 5 
0 . 0 0 8 
0. 005 

T e s t 8 ( C o n t i n u e d ) 

1 . 8 7 5 
1 .915 
1 . 9 , l 3 
1 . 9 5 8 
1 . 9 8 9 

2.036 
2.032 
2.032 
2.030 
2.032 

2 . 0 2 9 
2 . 0 2 6 
2.02U 
2 . 0 2 2 
2. 018 

2 . 0 1 5 
1 . 9 9 9 
1.97Y 
1.9146 
1 . 9 1 6 

1.876 
1.790 
I.5G8 
0.992 
0.9148 

- 0 . 1 6 6 
- 0 . 1 9 3 
- 0 . 2 1 0 
- 0 . 2 2 1 
-0.2141 

-0 .270 
-0 .268 
-0 .268 
-0 .266 
-0 .265 

- 0 . 2 6 2 
- 0 . 2 6 0 
- 0 . 2 5 6 
- 0 . 2 5 8 
-O.25I1 

- 0 . 2 5 1 
-0.2314 
- 0 . 2 1 3 
- 0 . 1 8 2 
- 0 . II49 

- 0 . 1 0 9 
- 0 . 0 2 k 
•tO.1614 
+O.OI42 
+0 .025 

P„ 

129.0 
1U6.0 
158.0 
163.0 
182.0 

2 0 5 . 0 
20I4.0 
20I4.0 
2 0 2 . 0 
2 0 1 

1 9 5 . 0 
1 9 1 . 0 
1 ^ 9 . 0 
1 8 6 . 0 
183.O 

1 8 1 . 0 
1 7 1 . 0 
1 5 9 . 0 
1U3.O 
1 Z ( . 0 

1 0 5 . 0 
7 6 . 0 
3 9 . 0 

U.O 
3 . 0 

12 A D T 
X 1000 -r— x 100 

D D 

-5I4.0 -It . 9 0.7I4 - 2 7 . 6 7 3 1 . 2 6 
-5I4.0 -I4.9 0 . 7 3 - 3 2 . 1 7 3 1 . 9 2 
- 5 7 . 0 - 5 . 1 0 . 7 3 - 3 5 . 0 1 3 2 . 3 9 
- 5 3 . 0 -I4.8 0 . 7 5 -36.81. 32.614 
- 5 8 . 0 - 5 . 2 0 . 7 6 -I40.17 3 3 . 1 6 

- 3 5 . 0 - 3 . 2 0 . 8 5 -I45.OI 33.9*< 
- 3 1 . 0 - 2 . 8 0 . 8 7 -I4I4.68 3 3 . 8 7 
- 2 6 . 0 - 2 . 3 0 . 8 9 -J4U.68 33. 87 
- 2 3 . 0 - 2 . 1 0 . 9 0 -W4. & 33.814 
- 1 9 . 0 - 1 . 7 0 . 9 1 -l4l4. 18 3 3 . 8 7 

- 2 0 . 0 - 1 . 8 0 . 9 1 -I43.68 3 3 . 8 2 
- 1 9 . 0 - 1 . 7 0 . 9 1 -1*3.3'i 3 3 . 7 7 
- 1 6 . 0 - l . l t 0 . 9 2 -I43.01 33.7'* 
- l l i . O - 1 . 3 0 . 9 3 -I43.OI 3 3 . 7 1 
- 1 2 . 0 - 1 . 1 0.914 -U2. 3*t 33.614 

- 9 . 0 - 0 . 8 0 . 9 5 - l 4 l . s u 3 3 . 5 9 
+ 6 . 0 4-0.5 I.0I4 - 3 9 - 0 1 3 3 . 3 2 

+ 1 9 . 0 + 1 . 7 I.1I4 - 3 5 . 5 1 3 2 . 9 6 
+ 2 8 . 0 + 2 . 5 1.2U -30.31+ 32. itlt 
+ 3 7 . 0 + 3 . 3 I . I4I -2U.814 31.9I4 

+I4O.O + 3 . 6 1 . 6 2 - 1 8 . 1 7 3 1 . 2 7 
+ 3 6 . 0 + 3 . 2 1 . 9 0 -I4.OO 29 .8k 
4-214.0 + 2 . 2 2 . 6 0 +27 .33 26.'<7 

+U.0 +0.U .. +7 .00 16. 51* 
+ 3 . 0 + 0 . 3 — +I4.17 1 5 . 8 0 
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Table o 

Suiroary of Dyna.--.i : Ar ching Data 

I 'in---nr. ionlo s s Parane tc rs 

Do:lection 

t 
msec 

Initial 
2 
3 
4 
5 
6 
7 
3.5 
10 
12 

13 
15' 
17* 
20* 
50** 
100** 
500* • 

Initial 
3 
4 
5 
6 
7 
10 
11 
12 
13 
14 
15 
16 
10* 
24* 

50* • 
100** 
500" 
Final 

! "res cure 
E£l 

P- P 
: cflg-ti n.:. in. 

Force per Unit Area 
A':tin̂  on T"P f Device, psi 2AP _T 

0 
25.0 
3̂ .0 
36.1 
37.0 
36.8 
36.6 
36.3 
36.2 
36.0 

36.0 
35.5 
35.0 
35.0 
34.0 
28.0 
3.6 

0 
66.0 
70.0 
70.0 
09.0 

69.0 
69.0 
69.0 
68.0 
68.0 
68.0 
67.0 
67.0 
66.0 
66.0 

59-0 
44.0 
0 
0 

3.5 
0 
2.4 
7.0 
12.7 
18.2 
21.2 
25.2 
29.2 
30. 4 
2 9.8 
29.2 
27.9 
24.8 
21.0 
20.0 
0 

1.1 
7.0 
14.0 
32.0 
47.0 

57.0 
62.0 
63.0 
65.0 
67.0 
67.0 
67.0 

69.O 
77.0 
57.0 
52.0 
18.0 
11.0 

0.011 
0 
0 
0.008 
0.010 
0.028 
0.048 
0 .088 
0 .117 
0 .153 

0 .173 
0 .197 
0.210 
0 .218 
0.234 
0.234 
0.160 

). 69 
0 
0.002 
0.035 
0. 
o . i 4 o 
0 .373 
0.443 

.520 
0.594 
0.650 
0 .700 

0.870 
1.050 
1.040 
1.060 
1.025 
0 .627 

0.007 
0 • 
0 
0 
0.006 
0.012 
0.031 
o.oso 
0.120 
0 .155 

0.175 
0.212 
0 .219 
0 .225 
0 .237 

0 .237 
0.164 

0.050 
0 
0 
0.015 

.025 
• .047 
0.295 
0.392 
o.48o 
0.579 
0.670 
0.770 

0.960 
1.140 

1.130 
1.130 
1 .071 
0 .603 

0.013 
0 
0 
0 .009 
0.C13 

0.023 
0.030 
0 .048 
0 . 0 6 l 
0 .066 

0 .063 
0 .068 
0.066 
0.064 
0.059 
O.O58 
0 .018 

0.004 
0 
0.008 
0.029 

.070 

-'.110 
0 .139 
0.145 
0.151 
0.154 
0.154 
0 .153 
0.152 
0 .153 
0 .161 
0 .148 
0.144 
0 .096 
0.002 

0.020 
0 
0 
>.009 

0.019 

0.035 
0.061 
0 .128 
0.181 
0 .221 

0 .243 
0.230 
0.235 
0 .299 
0.296 
0 .295 
0.182 

'Jar.plng Ir.' r t i a :'{;rin<; 

-0.009 
0 
0 

- 3 . 0 0 1 
- 0 . 0 0 3 
- 0 . x)7 
-0 .013 
-0 .040 
-0 .064 
- .068 

-0 .070 
-O.O83 
- 0 . 0 7 5 
- 0 . 0 7 1 
-0 .062 
- 0 . 0 6 1 
-0 .022 

0 
0 

+0 .1 
••0.3 
•*0.8 
+1.3 
+1.3 
+0.9 
•*0.6 
+0.3 
+0.20 
0 

•0.10 
0 
0 
0 
0 

0 
0 

+1.3 
+1.9 
+3.8 

+3.8 
+2.3 

0 
- 0 . 8 
- 1 . 9 
- 1 . 6 
- 1 . 5 
- 0 . 8 

0 
0 
0 
0 

0.054 
0 

. )8 
o.o44 
0.095 
' . 1 5 7 
0.434 
0-537 
0.631 
0 . 7 3 3 
0.824 
0 .923 

1.113 
1.301 
1.278 
1.274 
1.167 
0.605 

*0.035 
0 

-0 .006 
-0 .009 
-0 .013 
-0 .017 
- 0 . 0 6 1 
-0 .094 
- 0 . 1 1 8 
-0 .139 
- o . 1 
- 0 . 2 2 3 

- 0 . 2 4 3 
- 0 . 2 5 1 
- 0 . 2 3 8 
-0.211* 
-0 .142 
•0.022 

0 
0 

•K).3 
+1.2 
+2.5 
+1 .8 
- 0 . 2 

•K).3 
•0 .6 
- 0 . 1 

0 
- 0 . 3 

0 
0 
0 
0 

0 
0 

•4 .0 
••20.2 

*9-1 
•2 .6 
•3 .0 
0 

- 1 . 1 
- 2 . 3 
- 2 . 4 
- 3 . 6 
- 3 . 6 
- 3 . 6 
- 3 . 0 
0 
0 
0 
0 

1 . 3 
0 
0 
3.7 
5.3 
9."» 

12.2 
19 .5 
2 4 . 8 
26 .9 

27-7 
27 .7 
26 .9 
26 .0 
24 .0 

23 .6 
7 -3 

1 - 5 

3.0 
11.0 
26-5 
4 1 . 8 
52 .8 
55-1 
57.1 
58.5 
59.5 
58 .1 
57 .8 
58.1 
61 .2 

56.2 
5^*7 
36.5 
3 .9 

1 .30 
0 
1.40 
5.90 
9.90 

l i t . 50 
15.80 
20 .40 
2 It .60 
25.30 
26.30 
26.20 
26.20 
26.00 
24.00 

23.60 
7.30 

1-5 
0 
7 . 3 

32.4 
38.2 
46 .2 
55-6 
55-7 
56.9 
56-5 
56.7 
54.4 
54.2 
54.2 
53.2 

56.2 
54.7 
36-5 
0 . 8 

- 2 . 2 
- 2 5 . 0 
-32 .5 
-30.0 
-27.0 
-22 .5 
- 2 1 . 0 
- 1 6 . 0 
-11 .5 
-10 .5 

- 9 - 5 
- 9 - 5 
- 9 . 0 
. 9 . 0 

-10 .0 

- 4 . 5 
- 1 . 3 

•to.5 
- 6 6 . 0 
- 6 2 . 5 
- 3 7 . 5 
- 3 1 . 0 
- 2 3 . 0 
-13 -5 
-13 -5 
- U . o 
- U . 5 
- 1 1 . 5 
- 1 2 . 5 
-13.O 
- 1 2 . 0 

- 8 . 0 

- 3 . 0 
+10.5 
+36.5 
• 1 . 0 

2 i 4 o . o 2 . 5 0 0 0 .003 •0 .003 -0 .003 0 +1.8 1 .3 3 .10 
3 151.0 8 . 0 0 0 0 .006 +0.006 -0 .006 +o.U +1.8 2 . 3 5 .oo 
4 14Q.0 30.0 0 .036 0 0 . 0 4 1 0 .041 -0 .005 +2.9 +19.0 17.7 39 .60 
4 .5 149.0 57.0 0.075 0 . ( 2 0 .060 0.080 -0 .005 +7.1 +39.5 25 .5 72 .20 
6 149.0 112.0 0.250 0.102 0 .157 0 .259 -0 .009 •K,.9 +8.5 67 .5 82 .90 
7 147.0 132.0 .402 0 .232 0.190 0 .422 -0 .020 +4.0 +7.1 81.8 92 .90 
8 145.0 147.0 0 .564 0 .387 0 .203 0.590 -0 .026 +2.3 +6.5 87 .2 90 .00 

10 141.0 143.0 0 .929 0.7O0 0.216 0 .978 -0 .049 +1.3 +1.4 93 .5 90 .20 
12.5 138.0 15 . 1.305 1.180 0.243 1.420 -0 .115 +2.1 - 0 . 7 104.3 105.70 
13.5 138.0 146.0 1.510 1.440 0.254 I .690 -0 .180 - 0 . 2 - 2 . 8 109.0 106.00 
15.0* 137.0 137.0 1.670 1.680 0 .248 1.930 -0 .260 - 0 . 1 - 5 . 0 106.3 101.20 
17.o- 137.0 145.0 1.96c 2.010 0.250 2.260 -0 .300 +1.3 - 7 . 0 107.2 101.50 
5 0 . 0 " 121.0 110. c 1 .960 i .oho 0.248 2.290 -0 .330 0 0 105.7 105.70 

1 0 0 " 109.0 95 .0 1 .910 2.030 0.237 2.270 -O.36O 0 0 100.9 100.90 
5 0 0 " 0 23 .5 1.710 I .790 0 .078 1.870 -0 .160 0 0 33.0 33 .00 

-137 .0 
-146 .0 
-109 .0 

-77.C 
-6C.0 

- 5 4 . 0 
- 4 9 . 0 
- 4 5 . 0 
- 3 2 . 3 
- 3 2 . 0 

- 3 5 . 8 
- 3 5 . 5 
- 1 5 . 3 

- 8 . 1 
+33.0 

Test. 14 

I n i t i a l 0 — 0.120 0.035 0.010 0.045 +0.075 Gages 6 . 0 6 . 0 0 +6.0 
2 ^03.0 0 0 0 0 0 0 

Gages 
0 0 -203 .0 

3 237.0 2 . 0 0 0 0 .009 0 .009 -0 .009 d id 5 .5 5 .50 -232 .0 
4 245.0 85 .0 0 .013 0 0.133 0 .133 -0 .120 not 81 .5 81 .50 - I63 .O 
5 243.0 200.0 0 .151 ' .079 0.194 0 .273 -0 .122 f u n c t i o n 118.9 119.00 -124 .0 
7 237.0 223.0 O.608 0.540 0.290 O.83O -0 .132 

f u n c t i o n 
177.Q 178.00 - 5 9 . 0 •) 229. > 205.0 1.210 1.040 0.306 1.346 -0 .136 187.0 . . - 4 l . o 

10 ; 24 . 210.0 1.480 1.310 0 .309 I . 0 I 9 -0 .139 189.4 I89.OO - 3 5 . 0 
11 222.0 215.0 1.760 I .630 0.320 1.950 -0 .190 196.8 197.00 
12 ' 219.0 230.0 . ' .030 1.860 0.333 2.193 -0 .163 204. 204.00 - 1 5 . 0 
5 0 " 175.0 180.0 2 .380 2.210 0 .327 2.537 -0 .157 200.0 200.00 +25.0 

1 0 0 " 125.0 lt>3.0 : . 4 8 0 2 . 2 1 ) .314 2.524 -0 .044 192.5 102.00 •*67.0 
500** 0 42 .5 • .910 1.980 0.133 2.113 ••0.800 81.5 82 .00 +62.0 
r ' inal 0 — 2.810 1.43' 0 .015 1.447 +1.360 (Continued) •W.2 9 . 2 0 +9.0 

2AP 

*u 

T 
~ .< 1000 

°T 

T * 1 0 0 

- 0 . 1 4 - 1 . 5 0 0 .33 
- 1 . 6 l -- 0 0 
- 2 . 0 9 0 .04 0 0 
- 1 . 9 4 O. l f - 0 . 1 7 0 .15 
-1 .74 0 .?! - 0 . 5 0 0 .32 

- 1 . 4 5 0 . 3 9 - 1 . 1 7 0 . 5 8 
- 1 . 3 5 0 .43 - 2 . 1 7 1 .02 
- 1 . 0 2 0.1,6 - 6 . 6 7 2 .14 
- 0 . 4 0 .68 - 1 0 . 6 7 3 .02 
- 0 . 6 8 0 .70 -11 -33 3-68 
- 0 . 6 2 O.73 -11 .67 4 .05 
- 0 . 6 1 0.74 -13-84 4 . 6 7 
- 0 . 5 8 0 .75 -12 .50 4 .75 
- 0 . 5 8 0 .74 -11 .94 4 .82 
- 0 . 6 4 0 . 7 1 - I C . 3 5 4 . 9 3 
- 0 . 2 9 0.84 -10 .16 4 .92 
- 0 . 0 8 O.85 - 5 - 6 7 3-23 

•0 .03 1.36 +5.83 0 .90 
- 4 . 5 3 0 0 
- 4 . 2 9 0 .10 - 1 . 0 0 0 .13 
- 2 . 5 7 0 .46 - 1 . 5 0 0 .73 
- 2 . 1 3 0 .55 - 2 . 1 7 1 -53 
- 1 . 5 3 0 .67 - 2 . 8 3 2 .62 
- -93 - .31 - 1 0 . 1 7 7 .23 
- .93 o . 3 l - 1 5 . 6 7 8 .95 
- 0 . 7 5 0.84 -19-67 10.52 
- • 79 0.34 -23-17 12.22 
- -79 J . 8 3 -29 .00 13-73 
- 0 . 8 6 0 .81 -37 .17 15-39 
- 0 . 8 9 0 . 3 1 
- 0 . 3 2 0 .82 -45 .50 13.55 
- 0 . 5 5 0 .88 -41 .80 21.68 
- 0 . 2 1 0.95 -39-70 21.30 
•0 .72 1.24 -35-67 21.23 
•2.50 — -23-67 19.45 
•0 .07 "" • 3-67 IO.08 

-10 .72 0 .02 - 0 . 5 0 0 . 0 5 
-11 .42 0 .03 - 1 . 0 0 0 . 1 0 

- 3 . 5 6 0 .27 - 0 . 8 3 0 . 6 8 
- 6 . 0 1 0 .46 - 0 . 8 3 1 .30 
- 5 - 1 7 0 .5c - 1 . 5 0 4 .30 
- 4 . 2 3 0 .63 - 3 . 3 3 7 .00 
- 3 . " 3 0 .66 - 4 . 3 3 9 .80 
-3 -51 0 .68 - 8 . 1 7 16.30 
- 2 . 5 3 0 . 7 7 -19 .20 23.70 
- 2 . 5 3 0 .77 -30 .00 28 .20 
- 2 . 8 0 0.74 -^3 .30 32.20 
- 2 . 7 8 0.74 -50 .00 37.70 
- 1 . 2 0 0 .87 -55 .00 38.20 
- 0 . 6 3 0 .93 -60 .00 37.80 
+2.58 -26 .70 31.20 

*0.39 +12.50 0 .7 C 

-13 .30 0 0 
-15 .20 0 .02 - 1 . 5 0 0 . 1 , 
-10 .70 0 .33 -20 .00 2 .22 
- 3 . 1 0 0 .4y -20 .30 4 .55 
- 3 0 . 7 5 - 2 2 . 0 0 13.80 
- 2 . 6 8 0 .82 -22 .67 22.40 
- 2 . 2 9 0 .84 -23 .2 ' 27 .00 
- 1 . 6 4 0 .S9 - 3 1 . 7 0 32.50 
- 0 . 9 8 0 .93 -27 .20 36.00 
+1.64 1.14 -26 .20 42.30 
+4.38 1.54 - 7 . 3 3 42.10 
+5.37 -- +1-- .00 35 .20 
••0.59 -- +227.00 24.10 

Note: t , t ime a f t e r z e ro ; P- , s u r f a c e p r e s s u r e a t t i n e t ; Pg , a v e n g e s o i l p r e s s u r e in t he "und i s tu rbed" region a t t he 3 5 - i n . 

level; Dq , soil deflection at 35-in. level; d̂  , deflection of base of test device; d̂  , deflection of top with respect to base 

); PT , average force acting 01* test device; D„ , total deflection of test device (d̂  + d̂ ); AD , differential deflection (D̂  
on top of test device; Ap , differential pressure (PT - Pg); , unconfined compressive strength of soil: B , diameter of test 
device. 

Hesul ts measurably a f f e c t e d by r e f l e c t i o n s . 
1 Af fec ted by r e f l e c t i o n s and/or reduced sur face p r e s s u r e . {1 f 5 s h e e t s ) 
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"able »- ( ' n t i m a d) 

Dincnuionl- sr. Para:at.'t».-r.-

t 
ns>- • 

I n i t i a l 
1 
2 
4 
5 
6 
8 

10 
12 
14* 

16* 
18* 
20* 
22* 
50** 

100** 
^00*" 

! r e s s u r e 
!'• 1 

per Unit Area Di-rie-.-ti' n 
I.'ol'I-- - t i i n 

*b 

0 
28 .0 
3 i . o 
38 .5 
39 .0 

39.0 
38.5 
38.5 
38.0 
37.5 
37.0 
37.0 
37.0 
36.5 
34 .0 

31 .5 
0 

0 . 5 
17.0 
23 .0 
3^ .0 
36 .0 

36 .0 
3fc.O 
36 .0 
34 .0 
35 .0 

35 .0 
34.0 
33 .0 
31 .0 
29.0 
24.0 

3.2 

0.060 
0 .005 
0 .030 
0 .105 
0.11*9 

0 .207 
0.312 
O.Ult. 
0 .513 
3.602 

O.65U 
0 .684 
0.690 
0.680 
0 .669 

0.654 
0 .379 

• OoO 
0 
0 .001 
0 .042 
0.080 

0.126 
0 .233 
0 .357 
0.1*58 
0 .561 

0.633 
).6yo 
0.684 
0 .670 
o . 6 4 i 

0 . 5 73 
0 .357 

I n i t i a l 0 2 . 8 0 .037 .07'; 
3 33 .5 20 .5 0 .011 0 
4 37 .0 23 .0 0.046 0.019 
5 37 .5 28 .0 0.064 0 .033 

37 .3 28 .0 >.096 .067 

8 37.2 29 .0 0 .147 .129 
10 37 .0 30 .0 .186 .190 
12 37 .0 30 .0 0 .231 0 .226 
14 36 .5 32 .0 .."•'5 0 .250 
16* 36 .5 31 .0 ' .279 0.265 

18* 36 .5 31 .0 0 .279 0.1-73 
20* 36.0 29.O 0 .279 0 . 2 7 1 
50 «* 34.0 27 .0 .293 0 .269 

100** 30 .5 24 .0 .293 0 .269 
•pC0"» 0 0 0 .143 0.152 
F ina l 0 0 0 .011 0 .003 

0 
' . O i l 

0.036 
0 . 0 7 1 
0 . 0 8 1 

0.0&3 
\ 0 8 4 

0 .085 
0 .085 
0.065 

.085 
O.Occ 
o.o8h 
0.082 
0 .079 

.073 

.008 

0.001 
.012 

0.030 
.048 
' .053 

0.064 
0.064 
0 .065 
0 .066 
0.066 
0 .067 
0 .067 
0.065 
0.064 
0.008 
0.Q-: 

7 300.0 
8 298.0 
9 294.0 

10 290.0 
11 283.0 
12 278.0 
13 274.0 
14 270.0 
15 267.0 

50* 233.0 
100*' 202.0 
500** 0 
F i n a l 0 

6 . 0 
25 .0 

2U7.O 
305.0 
285.0 
267.O 
272.0 
290.0 
270.0 
267.O 

0.137 
0 
0 .030 
0 .301 
0 .527 
0 .803 
1.130 
1.380 
1.610 
1.880 

0 .060 
0 
0 
0 .133 

.299 

AD Damping I n e r t i a G pr in t : PT 

Tes t 1? 

0.060 0 0 0 0 0 - 0 . 5 
0 .011 -0 .006 •K).5 +13.3 4 .4 18.20 - 1 0 . 0 
0 .037 -0 .007 +2 .1 +4.0 14.4 20.50 - I J . 5 
0 .113 - 0 . 0 0 8 •K.4 •K).7 28 .5 29.60 - 9 . 0 
0 . l 6 l -0 .012 - .5 +0.7 32 .5 32.70 - 6 . 5 

0 .209 -0 .002 - 0 . 7 +0.7 33 .3 33.30 - 5 . 7 
0 .317 -0 .005 - 0 . 0 33.7 32.80 - 5 - 6 
0 .442 -0 .026 - 1 . 0 - 0 . 4 3 4 . 1 32.70 - 5 - 8 
0 .543 -0 .030 - 0 . 4 - 1 . 7 34 .1 32.00 - 6 . 
0.61*6 -0 .044 40 .3 - 2 . 5 3 4 . 1 31.90 - 5 . 5 

0 .718 -0 .064 +0.2 - 2 . 8 3U.1 31.50 - 5 . 5 
0 .756 -0 .072 40.4 - 2 . 4 3"(.5 32.50 -1..5 
0 .766 - 0 . 0 7 8 0 - 1 . 7 33 .7 32 .00 - 5 . 0 
0.752 -0 .072 - 1 . 1 - 0 . 6 32 .9 31.20 - 5 . 5 
0 .720 - 0 . 0 5 1 0 0 31 .7 31 .70 - 2 . 3 

o.64». 40.008 0 0 29 .3 29 .30 -2 2 
0-365 +0.014 0 0 3 .2 3 .20 +3.2 

Tes t 16 

0 . n 
0.012 
0 .049 
0 .081 
0.125 

0 .193 
0.25I* 
0 .291 
0.316 
0 .331 
0 .3^0 
0 .338 
0.331* 
0.333 
0 .160 
0 .005 

2 39.0 0 . 5 0 0 0 0 
3 40 .5 4 . 0 0 0 0 .003 0 .003 
4 40 .0 5 . 5 0 .006 0 0 .009 0 .009 
5 40 .0 14 .0 0 .016 0.004 0 .018 0.022 
6 40 .0 31 .0 0 .034 .012 0 .048 0 .060 

8 40 .0 44 .0 .090 0.054 0.066 0 .120 
10 40 .0 4o.o 0 .141 0.115 0.072 0 .167 
12 4o.O 40 .5 0 .186 0 .179 0 .073 0.252 
14 40 .0 37 .3 0.224 0 .217 0.0 ' /3 0 .290 
16* 39 .5 37 .0 0.21*3 0 .233 0.074 0 .307 

17* 39 .5 36.7 0 .253 0.236 0.074 0.310 
20* 39 .5 35 .0 0 .250 0 .231 0 .073 0.304 
50* * 38 .0 31 .5 0.255 0 .236 O.O69 0 .305 

100** 36.5 30.5 0 .275 0.242 O.O69 0.311 
500** 18.0 0 . 5 0 .260 0.230 0.049 0 .279 
1 i n a l 0 0.064 0 .013 0 .003 0.016 

-0 .039 
- 0 . 0 0 1 
-• . • 
-0 .017 
-0 .029 
- - \ o 4 6 
- 0 . 0 6 8 
-0 .060 
- 0 . 0 5 1 
-0 .052 
- 0 . 0 6 1 
- 0 . 0 5 9 
-0 .0fc l 
-0 .040 
-0 .017 
+0.C06 

0 
-0.003 
-0.003 
-0.006 
-0.026 
-0 .030 
-0 .046 
-0 .066 
-0 .066 
-0 .064 

0 .057 
-0 .054 
-0 .050 
-0 .036 
-0 .019 
+0.048 

0 
+1.2 
+1.5 
+0.9 
+0.5 
+0.6 
+0.8 
+0.7 
+0.4 
+0.4 

+0.4 
•K>.3 

0 
0 
0 
0 

0 
+4.8 
0 
0 
0 

- 1 . 8 
- 1 . 7 
- 1 . 0 
- 1 . 1 
- 0 . 7 

-0.3 
0 
0 
0 
0 
0 

: t 17 

+0.05 
+0.2 
•K>.4 
+1.0 
+1.4 

•*0.8 
•K).3 
+0.3 
- 0 . 1 
+0.2 

0 
•K).3 

0 
0 
0 
0 

+0 .8 
+1.3 
••2.5 
+5 .1 
+3.4 
+0.7 
- 2 . 0 
- 2 . 7 
- 2 . 3 
- 1 . 3 
- 1 . 0 

0 
0 
0 
0 
0 

Tes t 18 

0 .007 
0.005 
0 .109 
0 .248 
0 .358 

0.575 0 .298 
0.881 0 .288 
1.180 0 .318 
1.450 0 .338 
1.720 O.368 

250.0 2.380 2.130 0.350 
200.0 2.480 2.150 0.417 
68.0 . 260 : .140 . 412 
11.0 1.860 1.460 0.079 

0.067 +0.070 0 0 
0.005 -0 .005 0 0 
0 .109 -0 .079 +26.9 +151.0 
0 .381 - 0 . 0 8 0 +19.3 +35.0 
0 .657 -0 .130 +4.1 - 2 2 . 0 

0 .873 -0 .070 - 8 . 2 - 8 . 7 
1.170 -o.o4o - 2 8 . 3 - 1 1 . 0 
1.500 -0 .120 -30 . . +11.0 
1.790 -0 .180 - 2 1 . 2 +35.0 
2 .090 -0 .210 - 3 3 . 2 +26.4 

2 .480 -0 .100 0 0 
2 .570 -0 .090 0 0 
2.550 -0 .290 0 0 
1.540 +0.320 0 0 

0 . 4 
4 . 4 

12.0 
19 .2 
23 .3 
25 .7 
25 .7 
2 6 . 1 
26 .5 
26 .5 
26 .9 
26 .9 
2 6 . 1 
2 5 . 7 

3 .2 
0 . 8 

0 
1 .2 
3 . 8 
6 . 9 

19 .5 
26 .9 

29 .7 
29 .7 
3 0 . 1 
30 .1 
29 .7 
2 5 . 1 
2 8 . 1 
19 .9 

1 .2 

0.1(0 
10.1(0 
13 .50 
20 .10 
23 .80 
2U.50 
2lt. 
25 .80 
25 .80 
2 6 . 2 0 

27 .00 
2T.20 
26 .10 
25 .70 

3 . 2 0 
•10.80 

0 . 6 5 
2 . 7 0 
6 . 7 0 

13 .00 
2U.30 
28.U0 
2V.60 
27 .30 
27 .30 
29 .00 
29.10 
£9.80 
28.10 
28.10 
20.00 
1.20 

v/se 

-0.05 
-o.oe 
- 0 . 9 7 
- 0 . 8 3 
- 0 . 5 9 

- 0 . 5 3 
. 0 . 5 2 
-o.s't 
- 0 . 5 5 
- 0 . 5 1 

- 0 . 5 1 
-0.1(2 
-0.1(6 
- 0 . 5 1 
- : .21 

•to.30 

^ x 1000 ~ x 100 

-2 .U 
- 2 3 . 0 
- 2 3 . 5 
- 1 7 . 5 
- 1 3 . 5 
- 1 2 . 5 
- 1 2 . 0 
- 1 1 . 0 
- 1 0 . 5 
- 1 0 . 0 

- 9 . 5 
- 9 . 0 
- 8 . 0 
- 5 . 0 
+3.2 
+0.8 

.65 
" .6c 
0 . 7 7 
O.ffe 

0 .85 
0 .85 
O.85 
O.J i • . :• 
O.B'j 

0 . ; t j 

0 . ' 
0 .93 

0 .93 

- 0 . 1 5 
-1.1(1 
- 1 . U 
- 1 . 0 8 
- 0 . 8 3 

- 0 . 7 7 
-0.7l( 
- 0 . 6 8 
- 0 . 6 5 
- 0 . 6 2 

- 0 . 5 8 
- 0 . 5 5 
-0.1(9 
- 0 . 3 1 
40.."0 
+0.05 

0.33 
0 .36 
o . iA 
o . U 
0 .6c 
0.C7 
0 .70 
0 . 7 1 
0 . r2 
0.7'( 
0 .76 
0 .77 
0.8U 

0 
- 1 . 0 0 
- 1 . 1 7 
- 1 . 3 3 
- 2 . 0 0 

- 0 . 3 3 
-O.83 
-"(.33 
- 5 . 0 0 
- 7 . 3 3 

- 1 0 . 6 7 
-12 .00 
-13 .00 
-12 .00 

- 8 . 5 0 
+1.30 
+2.30 

- 6 . 5 
- 0 . 1 7 
- 0 . 5 0 
. 2 . 8 3 
-U.83 
- 7 . 6 7 

-11 .33 
-10 .00 

- 8 . 5 0 
- 8 . 6 7 

-10 .17 
- 9 . 8 3 
- 6 . 8 3 
- 6 . 6 7 
- 2 . 8 3 
+1.00 

4 . 3 4 .30 42 .0 +0.13 
3 . 1 3 .10 -297 .0 -19 .98 

67.2 245.10 -53 .0 - 3 . 5 7 
153.0 207.30 - 8 7 . 0 - 5 . 8 5 
220 .8 202.90 - 8 7 . 0 - 5 . 8 5 

183.9 167.00 -116.0 - 7 . 8 1 
177.8 138.50 -140 .0 -9 .42 
196.5 177.30 - 9 7 . 0 - 6 . 5 3 
208 .9 222.70 - 4 7 . 0 - 3 . 1 6 
227.2 220.4o - 4 7 . 0 - 3 . 1 6 

214.6 214.60 - 1 8 . 0 - 1 . 2 1 
255.6 255.60 +54.0 +3.63 
252.6 252.60 +253.0 +17.02 
W .4 48.1*0 +4o.O +3.23 

0 .01 
0 . ; 
0 . 7 1 
0 .70 

0 . 5 9 
0 .50 
0 .65 
0 .52 
0 .83 

0 .92 
1 .27 

+11.67 
-O.83 

-13 .17 
-13.31* 
-21 .67 
-11 .67 

- 6 . 6 7 
-20 .00 
- . 
-35 .00 
- |(3.3 ,( 
- 15 .00 
-1(8.33 
+53-33 

1.00 
0 . 1 8 
0 .62 
1 .88 
2 . 6 8 

3."(8 
5 .28 
7 .37 
9 . 0 5 

10.77 
11.97 
12.60 
12.80 
12.53 
12.00 

10 .77 
6 .08 

1 .27 
0 .20 
0 . r 
1 .35 
2 . 0 s 

3 .22 
1(.23 
U.05 
5 .27 
5 .52 
5 .67 
5 .63 
5 .57 
5 .55 
2 . 6 7 
0 .06 

- 3 8 . 0 - 1 . 9 4 0 .02 0 0 
- 3 8 . 0 -1.91* 0 . 0 7 - 0 . 5 0 0 . 0 5 
- 3 3 . 5 - 1 . 7 1 0 .17 - 0 . 5 0 0 .15 
- 2 7 . 0 - 1 . 3 8 0 .32 - 1 . 0 0 0 . 3 7 
-16.O - 0 . 8 2 0 . 6 1 - 4 . 3 3 1 .00 

- 1 1 . 5 - 0 . 5 9 0 . 7 1 - 5 . 0 0 2 . 0 0 
- 1 2 . 5 -0 .64 O.09 - 7 . 6 7 3 .12 
- 1 3 . 0 - 0 . 6 6 0 .68 -11 .00 4 .20 
- 1 3 . 0 - 0 . 6 6 0 .68 -11 .00 4 .83 
- 1 0 . 5 -0 .54 o.'/3 -10 .67 5 .12 

- 1 0 . 4 - 0 . 5 3 0.7'* - 9 . 5 0 5 .17 
- 9 . 5 - 0 . 4 8 0 .75 - 9 . 0 0 5 .07 

- 1 0 . 0 - 0 . 5 1 o.7»* - .33 5 .08 
- 8 . 5 - 0 . 4 3 0 .77 - 6 . 0 0 5 .18 
+2.0 +0.10 1 .11 - 3 . 1 7 '• .65 
+1.0 +0.05 -- +8.00 0 .27 

1.12 
0 . 0 8 
1.H2 
6 . 3 5 

10.95 
l l ( .55 
19.50 
25.00 
29.83 
3H.83 
1(1.33 
1(2.83 
1(2.50 
25 .67 

(cont inued) 

Kesul t s measurably a f f e c t e d by r e f l e c t i o n s . 
He sui t : ; a f f e c t e d by r e f l e c t i o n s and/or reduced s u r f a c e pre . -sure . (2 of 5 shee t s ) 
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T a b i c 6 ( C o n t i n u e d ) 

D i r r e n s i o n l e s s P a r a m e t e r s 

t 
mix-.-

I r e s s u r e 
p e l Defl< - t i rt:-. i n . 

•S, 
F o r c e p e r U n i t A r e a 

A - t i n g o n T o p o f Jh-vicv, p s i 

£D Damping I n e r t i a S p r i n g 

T- ~ t 1 9 

2 1 2 3 . 0 0 0 "j 0 . 0 3 9 0 . 0 3 9 - 0 . 0 3 9 +5 . i t + 5 8 . 3 
3 11*5.0 8 8 . 0 ' 1 . IO9 0 0 . 1 7 5 0 . 1 7 5 - 0 . 0 6 6 +10.1* + 5 . 0 
1* 1 5 7 . 0 1 3 6 . 0 0 . 3 0 1 0 . 1 0 8 0 . 2 7 3 O . 3 6 I - 0 . 0 8 0 - • ' . . 2 0 
5 1 5 7 . 0 1 5 5 . 0 o.'*93 0 . 2 6 8 0 . 3 3 0 0 . 5 9 8 - 1 . 1 0 5 - 1 0 . 0 • 1 . 0 
6 1 5 6 . 0 1 5 7 . 0 0 . 6 6 1 0 . l t 5 1 0 . 3 2 7 0 . 7 7 8 - 0 . l i v - 1 2 . 6 + 3 . 5 

8 1 5 5 . 0 l l * 8 . 0 l . o l * o 0 .81*5 0 . 3 1 6 I . 1 6 0 - 0 . 1 2 0 - 1 1 . 9 + 2 . 8 
10* 1 5 3 . 0 11* . . 0 1 . 3 7 0 1 . 2 6 0 o.zsk 1 . 5 8 0 - 0 . 2 1 0 - 1 5 . 6 0 
12* 1 5 3 . 0 1 5 2 . 0 1 . 6 2 0 1 . 6 6 0 0.31*6 2 . 0 1 0 - 0 . 3 9 0 - 1 U . 3 - 6 . U 
50* 11*2.0 1 2 1 . 0 3 . 7 5 0 1 . 8 0 0 0 . 3 7 7 2 . 1 8 0 - 0 . 1 * 3 0 0 0 

1 0 0 1 1 2 . 0 1 0 8 . 0 I . 7 9 0 1 . 8 7 0 0 . 3 6 5 2 .21 (0 - 0 . 1 * 5 0 0 0 
5 0 0 0 1 9 . 0 1.1*50 1 . 4 7 0 0.101* 1 . 5 7 0 - 0 , 1 2 0 0 0 

1 6 . 7 
7 U . 9 

1 1 6 . 0 
l U l . 2 
1 U 0 . 0 

13**. 3 
1 3 8 . 7 
l l * 8 . 1 
1 6 0 . 2 
1 5 6 . 0 

1*1*.2 

1 1 2 . 0 0 
1 3 2 . 0 0 
1 3 1 . 0 0 

1 2 5 . 0 0 
1 2 3 . 0 0 
127.1*0 
1 6 0 . 0 0 
1 5 6 . 0 0 

M i . 0 0 

?/ \P 

90.1»0 -1*2-5 
90.1*0 - 5 5 . 0 

- U 5 . 0 
- 2 5 . 0 
- 2 5 . 0 

- 3 0 . 0 
- 3 0 . c 
- 2 6 . 0 
+ 1 8 . 0 
+1*1*.0 
+i*i*.o 

— £D ^T p„ Y x 1 0 0 0 Y x 1 0 0 

- 2 . 1 * 1 0 . 6 5 - 6 . 5 0 O . 6 5 
- 3 - L 2 0 . 6 2 - 1 1 . 0 0 2 . 9 5 
- 2 - 5 5 0 . 7 1 - 1 3 . 3 ' i 6 - 3 5 
- 1 . 1 * 2 0.91* - 1 7 . 5 0 9 - 9 7 
- 1 . 1 * 2 0.81* - 1 9 . , 0 1 2 . 9 7 

- 1 . 7 0 0 . 8 1 - 2 0 . 0 0 19.31* 
- 1 . 7 0 0 . 8 0 - 3 5 . 0 0 2 6 . 3 3 
-1 .1*7 0 . 8 3 - 6 5 . 0 0 3 3 - 5 0 
+ 1 . 0 2 1 . 1 3 - 7 1 . 6 7 3 6 - 3 3 
+2.1*9 1 . 3 9 - 7 5 - 0 0 3 7 . 3 3 
+1.1*9 — - 2 0 . 0 0 2 6 . 1 7 

2 3 0 . 2 1 0 . 0 0 0 0 . 0 0 2 0 . 0 0 2 - 0 . 0 0 2 + 0 . 7 + 5 . 3 0 . 2 6 . 2 0 -21*. 0 - 1 . 9 6 0 . 2 1 - 0 . 3 3 - 0 . 0 3 
1* 2 3 . 0 2 8 . 0 0 . 0 3 3 0 . 0 0 6 0 . 0 2 9 0 . 0 3 5 - 0 . 0 0 2 + 1 . 7 + 1 . 9 3 . 0 6 . 6 0 - 2 6 . 5 - 2 . 1 7 0 . 2 0 - 0 . 3 3 O . 5 8 
6 3 3 . 0 3 2 . 5 0 . 1 0 7 0.01*6 0 . 0 6 6 0 . 1 1 2 - 0 . 0 0 5 + 1 . 0 0 6 . 9 7 . 9 0 - 2 5 . 0 - 2 . 0 5 0.21* - 0 . 8 3 1 . 8 7 
8 3 3 . 0 3 2 . 0 0.16-'* 0 . 1 0 1 0.081* 0 . 1 8 5 - 0 . 0 2 1 + 0 . 7 - 0 . 2 8 . 8 9 . 30 - 2 3 . 5 - 1 . 9 2 0 . 2 8 - 3 . 5 0 3 . 0 8 

10 3 2 . 7 3 2 . 0 0 . 2 1 6 0.161* 0 . 0 9 2 0 . 2 5 6 - 0 . 0 1 * 0 + 0 . 5 - 3 . 8 9 . 7 6.1*0 - 2 6 . 5 - 2 . 1 7 0 . 2 0 - 6 . 6 7 1*.27 

1 1 • 3 2 . 6 3 2 . 5 0 . 2 3 9 0 . 1 8 9 0 . 0 9 5 0.281* -0 .01*5 +0.1* -1* .0 1 0 . 0 6.1*0 - 2 6 . 0 - 2 . 1 3 0 . 2 0 - 7 . 5 0 l » . 7 3 
1 3 ' 32.1* 3 2 . 0 0 . 2 6 7 0 . 2 1 U 0 . 0 9 7 0 . 3 1 1 -0.01*1* + 0 . 1 - 3 . 6 1 0 . 2 6 . 7 0 - 2 5 . 5 - 2 . 0 9 0 . 2 1 - 7 . 3 3 5 . 1 8 
]_!**•* 3 2 . 0 3 1 . 5 0 . 2 7 7 0 . 2 1 9 0 . 0 9 8 0 . 3 1 7 - 0 . 0 1 * 0 + 0 . 1 - 2 . 7 1 0 . 3 7 . 7 0 -21*. 5 - 2 . 0 0 0.21* - 6 . 6 7 5 . 2 8 
17** 3 2 . 0 3 0 . 5 0 . 2 G 0 0 . 2 2 9 0 . 1 0 0 0 . 3 2 9 - 0 . 0 3 9 - 0 . 1 - 1 . 2 1 0 . 5 9 . 2 0 - 2 3 . c - 1 . 8 8 0 . 2 9 - 6 . 5 0 5.1*8 
1.3*-* 3 2 . 0 2 8 . 5 0 . 2 8 6 0 . 2 2 5 0 . 1 0 0 0 . 3 2 5 - 0 . 0 3 9 - 0 . 2 - 0 . 6 1 0 . 5 9 . 7 0 - 2 2 . 5 -1.81* 0 . 3 0 - 6 . 5 0 5.1*2 

5 0 * * 3 0 . c 2 5 . 5 0 . 2 9 ' * 0 . 2 1 9 0 . 0 9 8 0 . 3 1 7 - 0 . 0 2 3 0 0 1 0 . 3 1 0 . 3 0 - 2 0 . 0 -1 .61* 0.31* - 3 . 8 3 5 . 2 8 
100*-* 2 8 . 0 2 2 . 5 0 . 2 9 6 0 . 2 1 9 0 . 0 9 7 0 . 3 1 6 - 0 . 0 2 0 0 0 1 0 . 2 1 0 . 2 0 - 1 8 . 0 -1 .1*7 0 . 3 6 - 3 . 3 3 5 . 2 7 
5 0 0 0 0 0 . 1 3 2 0 . 1 0 6 0 . 0 2 7 0 . 1 3 3 - 0 . 0 0 1 0 0 2 . 8 2 . 0 + 3 . 0 +0.21* — + C . 1 7 2 . 2 2 

1 . 5 2 8 . 6 8 . 5 0 . 0 0 5 0 0 . 0 0 6 0 . 0 0 6 - 0 . 0 0 1 + 0 . 6 + 6 . 1 1 . 7 8.1*0 - 2 0 . 0 - 1 . 0 3 0 . 2 9 - 0 . 1 6 0 . 1 0 
2 3 1 . 0 1 1 . 0 0 . 0 1 1 0 0 . Oil* 0 . 0 1 * - 0 . 0 0 3 + 1 . 0 + 6 . 5 3 . 9 11.1*0 - 1 9 . 1 - 1 . 0 0 0 . 3 7 - 0 . 5 0 0 . 2 3 
1* 3 3 . 0 2 5 . 0 C.ofti* ( 0.01*1* 0 . 0 9 0 - 0 . 0 0 6 + 0 . 8 - 1 . 3 1 2 . 3 1 1 . 8 0 - 2 1 . 0 - 1 . 0 8 O . 3 6 - 1 . 0 0 1 . 5 0 
5 3 5 . 5 3 1 . 0 0 . 1 1 9 0 . 0 8 9 0 . 0 5 2 0.11*1 - 0 . 0 2 2 + 0 . 3 - 0 . 5 11*. 6 11*. 1*0 - 2 1 . 0 - 1 . 0 8 0.1*1 - 3 . 6 7 2 . 3 5 
6 3 5 . ' ' 3 J * .0 0 . 1 6 3 0 . 1 5 2 0 . 0 5 6 0 . 2 0 8 - 0 , 0 l * 5 • 0 . 2 - 2 . 6 1 5 . 7 1 3 . 3 0 - 2 2 . 0 - 1 . 1 3 0 . 3 7 - 7 . 5 0 3.1*7 

8 3 5 . 5 3 5 . 5 0 . 2 2 8 0.221* 0 . 0 6 1 0 . 2 8 5 - 0 . 0 5 7 0 - 2 . 8 1 7 . 1 11*. 3 0 - 2 1 . 0 - 1 . 0 8 0.1*0 - 9 . 5 0 ' * . 7 5 
1 0 3 5 . 5 31*.5 0 . 2 6 6 0.261* 0 . 0 6 2 0 . 3 2 c - 0 . 0 6 0 0 - 1 . 9 17.1* 1 5 . 5 0 - 2 0 . 0 - 1 . 0 3 0.1*1* - 1 0 . 0 0 5.1*3 
12 • 3 5 . 5 3 2 . 5 0 . 2 8 2 0 .261 . 0 . 0 6 2 0 . 3 2 6 -0.01*1* + ! . 1 - 1 . 8 1 7 . 3 1 5 . 6 0 - 2 0 . 0 - I . 0 3 0.1*1* - 7 . 3 3 5.1*3 
11**-* 3 5 . 0 3 1 . 0 0 . 2 7 9 0 .21*8 0 . 0 6 1 0 . 3 0 9 - 0 . 0 3 0 0 + 0 . 8 1 7 . 1 1 7 . 9 0 - 1 7 . 0 - 0 . 8 7 0 . 5 1 - 5 . 0 0 5 . 1 5 
20*-* 31*. c 3 0 . 5 0 . 2 C . 0 . 2 1 . 6 0 . 0 6 0 0 . 3 0 6 - 0 . 0 1 * 6 - 0 . 1 + 0 . 6 1 6 . 8 1 7 . 3 0 - 1 6 . 5 - 0 . 8 5 0 . 5 1 - 7 . 6 7 5 . 1 0 

50** 3 2 . 0 3 0 . 0 0 . 2 - / 9 0.21*6 0 . 0 6 1 0 . 3 0 7 - 0 . 0 2 8 0 0 1 7 . 1 1 7 . 1 0 - 1 5 . 0 - c . 77 0 . 5 3 - i * . 6 7 5 . 1 2 
1 0 0 * * 2 9 . 0 2 8 . 5 0 . 2-/1* 0.21*6 0 . 0 6 0 0 . 3 0 6 - 0 . 0 3 2 0 c 1 6 . 8 1 6 . 8 0 - 1 2 . 0 - 0 . 6 2 0 . 5 8 - 5 . 3 3 5 . 1 0 
5 0 0 0 2 . o 0 . 1 1 9 0 . 1 0 2 0 . 0 1 1 0 . 1 1 3 + 0 . 0 0 6 0 0 3 . 1 3 . 1 0 + 3 . 0 + V . 1 5 — + 1 . 0 0 1 . 8 8 

I n i t i a l 
1 . 5 
3 
1* 
5 

6 
8 

1 0 
1 2 * 
l l*** 

2 0 * * 
50*"* 

1 0 0 * * 
5 0 0 

F i n a l 

0 
2 9 . 5 

3f t . '* 
37.1* 

37.4 
37.1* 
3 7 . ' * 
3 7 . 1 
• 7 . 1 

3 6 . 7 
3 3 . 8 
29.1* 

0 
0 

0 
1 1 . 0 
2 1 . 9 
2 9 . 0 
31*. 6 

3 5 . 0 
31*. 0 
3 2 . 5 
3 3 . 0 
3k. 1 

3 1 . 2 
3 0 . 0 
2 8 . 3 

0 
0 

t . 0 3 0 
0 
0 . O i l 
0 . 0 3 3 
0 . OkU 

0 . 
0 . 1 2 c 
0 . l ' *2 
0.151* 
0 . 1 7 5 

0 . 1 7 5 
0 . 1 7 0 
0.161* 
0 . 1 1 0 
0 . 0 5 2 

. . 07c 
0 
0 
0 . 0 2 0 
0.03I1 

0 . 0 7 0 
0 . 1 3 0 
0 . 1 3 3 
0 . 1 3 6 
0 . lUO 

0 . H»0 
0 . 1 3 5 
0 . 1 2 / 
0 . 1 1 0 
0 . 0 7 0 

0.001 
0.012 
0.017 
0 . 0 3 9 
0. oW* 

0.01*5 
0. 0l*6 
0.01*7 
0.01*6 
0.01.6 

0.01*5 
0. ouu 
0.01*1* 

0.003 
0.001 

0.071 
0.0.1.2 
0.017 
0.059 
0. 07 0 

0.115 
c. 176 
0.180 
0.182 
0.186 

0.185 
0 . 1 7 9 
0.171 
0.113 
0.071 

-0.0l*l 
-0.012 
-0.006 
-0.026 
-C. 03I* 

-0.060 
-0.056 
-0.038 
-0.028 
-0.011 

-0.010 
-0.009 
-0.007 
-0.003 
-0.019 

0 
•1.3 
+3.6 
+2.5 
•0.5 

+0.I4 
-0.8 
0 
0 

+ 0 . 7 

0 
0 
0 
0 
0 

0 

•3.9 
+1*.5 
+1.1: 

•0.5 

0 
- 2 . 5 
-2.1 
-1.6 
-1.2 

+0.6 
0 
0 
0 
0 

0.6 
6.9 
9.8 

22.1* 

2 5 . 3 

2 5 . 9 
26.5 
27.0 
26.5 
26.5 

25.9 
25.3 
25.3 
1.7 
0.6 

0.60 
12.10 
17.90 
26. 30 
26.30 

26.30 
23.20 
2-"*. 90 
21*. 90 
26.00 

26.50 
25.30 
25.30 
1.70 
0.60 

+0.6 

-17.5 
-17.0 
-12.0 
-11.0 

-11.0 
-11*. 0 
-12. 5 
-12.0 
-11.0 

-10. 
- 8 . 5 
-U.0 
•1.7 
+0.6 

+0.01* 
-1.08 
-1.05 
-0.71* 
-0.68 

-0.68 
-0.86 
-0.77 
-0.71* 
-0.68 

-0.61* 
-0.52 
-0.25 
+0.10 
+0.01* 

0.1*1 

0.53 
0.68 
0.70 

0.70 
0.62 
0.67 
0.67 
0.70 

0.72 
0.75 
0.86 

-6.83 
-2.00 
-1.00 
-1*. 33 
-5.67 

-10.00 

-9.33 
-6.33 
-1*. 67 
-1.83 

-1.67 
-1.50 
-1.17 
-0.50 
-3.2C 

1.18 
0.20 
0.28 
O.98 
1.30 

1.92 
2.93 
3.00 
3.03 
3.10 

3.08 
2.98 
2.85 
1.88 
1.18 

T e s t 22 
2 2 6 . 0 1 2 . 5 0 . 0 0 6 0 . 0 0 0 0 . 0 1 2 0 . 0 1 2 - 0 . 0 0 6 + 0 . 5 + 1 1 . 9 0 . 2 1 2 . 6 0 - 1 3 . 5 - 0 . 8 1 0 . ' * 8 - 1 . 0 0 0 . 2 0 
1* 3 2 . 5 2 9 . 0 0.01*7 0 . 0 1 6 0 . 0 7 0 0 . 0 8 6 - 0 . 0 3 9 + 0 . 8 + 0 . 7 1 . 2 2 . 7 0 - 3 0 . 0 - 1 . 8 0 0 . 0 8 - 6 . 5 0 1.1*3 
6 3 3 . 3 3 3 . 5 0 . 0 7 0 0 . 0 6 2 0 . 1 0 7 0 . 1 6 9 - 0 . 0 9 9 + 0 . 6 - 0 . 2 1 . 9 2 . 30 - 3 1 . 0 1 . 8 6 r» .07 - 1 6 . 5 0 2 . 8 2 

3 3 . 3 3 1 . 0 0 . 1 5 1 0.1»*0 0 . 1 2 6 0 . 2 6 6 -<•. 1 1 5 •0.1* - 1 . 0 2 . 2 1 . 6 0 - 3 1 . 5 - 1 . 8 9 0 . 0 5 - 1 9 . 2 0 1*. 1*3 
1 0 3 2 . 5 3 0 . 0 0 . 1 9 2 0 . 2 0 3 0 . 1 3 9 0 . 31*2 0 . 1 5 0 *0 . ' * - 3 . 6 2.1* -o.flo - 3 3 . ? - 2 . 0 0 0 - 2 5 . 0 0 5 . 7 0 

1 2 3 2 . 5 3 1 . 0 0 . 2 2 3 0 . 2 3 9 0 . 1 5 1 0 . 3 9 0 - 0 . 1 6 7 + 0 . 2 - 3 . 5 2 . 6 - 0 . 7 0 - 3 3 . 0 - I . 9 8 0 - 2 7 . 6 0 6 . 5 0 
l '»* 3 2 . 2 3 2 . 0 0.21*8 0 . 2 5 8 0 . 155 C. l*13 - 0 . 1 6 5 + 0 . I - 2 . 3 2 . 7 0 . 5 0 - 3 1 . 5 - I . 8 9 - 2 7 . 5 0 6 . 8 6 
]_• *-* 3 2 . 1 3 1 . 0 0 . 251* 0 . . - 0 . 1 5 7 0.1*17 - 0 . 1 6 3 0 - i .a 2 . 7 0 . 9 0 - 3 1 . 0 . 0 3 - 2 7 . 2 0 6 . 9 5 
16** 3 2 . 0 3 0 . 5 0.251* 0.251* 0 . 1 5 5 0.1*09 - 0 . 1 5 5 0 - 1 . 3 2 . 7 1 .1 .0 3 0 . 5 - 1 . 8 3 o.ol* - 2 5 . 8 0 6 . 8 2 
2 0 * * 3 1 . 8 2 6 . 5 0.21*8 1 .2-*3 0 . 1 5 2 0 . 3 9 5 - 0 . 1 1 * 7 0 + 0 . 8 2 . 7 3 . 50 - 2 8 . 1 - 1 . 7 1 0 . 1 1 -21*. 5 0 6 . 5 8 

2'*** 3 1 . 3 2 8 . 0 0 . 2 5 0 0.21*3 0 . 1 5 2 -0 .11*5 • O . w + 0 . 3 2 . 7 3 . 2 0 - 1 . 6 8 •. ic -21*. 2 0 6 . ; 8 
50** 2 8 . 0 2 6 . 5 0 . 2 5 8 0 . 2 3 ? 0 . 1 5 1 0 . 3 9 0 - 0 . 1 3 2 c c 2 . 6 2 . CO - 2 ^ . 5 - 1 . 5 3 0 . 0 9 - 2 2 . 0 0 6 . 5 0 

1 0 0 " * 2 0 . : 2 3 . 0 0.251* 0.21*2 0 . 1 5 1 0 . 3 9 3 - 0 . 1 3 9 0 0 2 . 6 2 . 6 0 - 1 8 . 0 - 1 . 0 8 0 . 1 3 - 2 3 . 6 . 5 5 
5 0 0 0 1 . 0 0 . 1 2 5 0 . 1 1 . 9 0 . 0 5 5 0.171* - 0 . 0 U 9 0 0 1 . 0 1 . 0 0 1 . 0 0 . 0 6 - 8 . 1 7 2 . 9 0 

(Continued) 

R e s u l t , m e a s u r a b l y a f f e c t r - d t y r e f l e c t i o n ; . . ( 3 0 f 5 s h e e t s ) 
Al*l'l. 'ctcd i»y r e f l e c t i o n s a n d / o r redu< « d r . u r j ' a r t - p n - s s u i v . 
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Test 2li 

l.'j 

k 

26.'• 
2fl.O 
JO. 6 
31.2 

31.5 

2?,C 
0 
o.uoe 
0.021 
o.i iii ;> 

o. 075 

0 
0.005 
0. uiii 
0.023 
O.ülifj 

o.on 
O.üül» 
t .005 
o.uofc 
0.007 

0.U03 
0.009 

ü,oi9 
0,029 

0.053 

-0,003 
-U.0Ü3 
+0.002 
+0.016 
1-0.022 

+1.7 
+0.7 
♦ 0.7 
+ 1. 1 
♦1,0 

*:,7 
+2,3 
+0,7 
+0,5 
+1.1 

U.2 
15,5 
25.8 
35.0 
38,7 

15,60 
18.50 
27.20 
37.20 
1*0.80 

-11.0 
-9.5 
-3.1* 
+6.0 
+9. 5 

-0,61. 
-0.56 
-0,20 
+0,35 
+0.56 

0,59 
0,66 
0,89 
1.19 
1,30 

-0. 50 
-0.50 
♦0.33 
+2.67 
♦3.67 

0,05 

0,15 
0.32 
0,1*8 
0.88 

6 

7 
8« 

L( • 
IS* 

31. V 
31.7 
31.7 
31.7 
31.7 

1 0.107 
o. no 
0.155 
o. 187 
0.205 

0.077 
0.102 
0.129 
0.165 
ü. 179 

0.O073 
0,0070 
0.0070 
0.0070 
u. 0071* 

0,üB; 

0,109 
0.136 
0.172 
0,186 

+C.023 
+0.021 
+0.019 

+0.015 
+0.019 

+0. '.. 
+0.2 
-0,6 
-0.1 
-0.3 

♦0,3 
-0.2 
■ l.o 

-1,5 
-0,9 

1*0.8 
37.7 
39.3 
39.3 
1*1,3 

lil. 60 

37.70 
37.70 
37.70 
1*0.10 

+10.0 
+6.0 
♦ 6.0 
+6.0 
+8.5 

+0.59 
+0.35 
+0,35 
+0.35 
+0,50 

1.31 
1.19 
1.19 
1.19 
1.26 

♦3.83 

♦3.50 
+ 3.17 
+2. 50 
■ 3. L7 

1,1.0 
1.82 

2.27 
2.87 
3.10 

Ih* 

16« 
10» 
20« 
50«t 

31.7 
31.14 
31.'' 
31.2 
29.0 

o 
a 
a 

«3 

0.211 
0. 20l| 
o. Uj8 

o. L97 
u.aoi* 

o. 175 
0.172 
0.172 
0.172 
0.179 

0,0070 
0.0070 
0.0065 
0.0061* 
0,0065 

0,182 

0.179 
0.179 
ü. 178 
0,186 

*0.(2v 
+Ü,ü2b 
+ü.019 
+0, 01'! 
+0.018 

-0. 3 
-1.0 

0 
♦0,1* 
0 

■0,3 
+0,3 
+0,2 
♦0, L 

u 

38,7 
37.7 
36.2 
35.6 
36.2 

38.10 
37.00 
36.1*0 
36.10 
36.20 

+ 6.5 
+ 5,5 
+ 5,0 
+ 5.0 
17.0 

+0,38 
♦0.32 
+0.29 
+0,29 
+0, in 

1.20 
1.18 
1.16 
1,16 
1.25 

+I1.83 
+l*.17 
+3.17 
♦ 3.17 
+3.00 

3.03 
2.9» 
2.98 
2.97 
3.10 

100*» 
■jUO 

2^.0 
0 «.6 

o. S05 
0.O9Ö 

0.179 
0.083 

O.ÜOC, ü, 18') 
0,083 

+0,020 

+0.015 

0 
0 

Test 

0 
0 

31*. 1 
8.8 

31*. 10 
8.80 

+9.0 
♦0. 2 

+0.53 
+0,01 

1.36 +3.33 
+2.50 

3. 08- 
1.38 

1.5 
2 
S.5 

1. 

37.8 
lil.9 

1*5.5 
1.7.7 
51.3 t 

0 
0.009 
0.022 
0.01*2 
0.0P7 

0 

0.003 
0.007 
0. Olli 

0.01*5 

0, Üüll 
0,006 
0.008 
0.009 
0.011 

0,001* 
0.009 
0.015 
0.023 
0.056 

-o.ooli 

0 
+o. 007 
+0,019 
+0.031 

+1.2 

+ 3.0 
+3.7 
+l*,7 
+ '..6 

tli,8 

+ll,2 

+6.3 
+2.9 
+1,5 

21.8 
33.3 
113.2 
51.7 
62.3 

27. 80 
1*0.50 
53.20 
59. 30 
69.1*0 

-10.0 
-1.5 
+7.5 

+11. 5 
+18.0 

-0,lt2 

-0,06 
+0,32 
♦0.I19 
+0.76 

0,71* 
0,97 
1.17 
1.21* 
1.35 

-0.67 
0 

+1.17 
+3.17 
♦5.17 

0.07 

0.15 
0.25 
0.38 

0.93 

6 

7 
B« 

10« 

53.'.. 
52.5 
52.0 
52.0 
52.0 

9 
§ 

0. Ill', 
C.200 

0.253 
0,290 

0.365 

0.090 
ü. 11*2 
0.190 
0.21*3 
0.330 

0.012 
0,012 
0,013 

0,013 
0,013 

0. 102 
0,151* 
0,203 
0,256 
0,3113 

♦0.01*3 
+0.01*6 
+0.050 
+0.031* 
+0.022 

♦6,1 
♦7.0 
+6.Ö 
+6.6 
+5. 2 

+1.1* 
+0.8 
+0.2 
-0,5 
-2.I1 

65.8 
67.9 
70,1* 
70.1 
69. V 

73.30 
75.70 
77.'iO 
76.20 
72, 50 

+20,0 
+23.0 
+25.5 
♦21*. 0 
+20.5 

+0,81. 

+0,97 
+1,08 
+ 1.01 
♦0.87 

1. 37 
1.1*1. 
1.1*9 
1.1*7 
1.39 

+7.17 
+7.67 
+8.33 
+ 5.67 
+3.67 

1.7o 

2.57 
3.36 
I..27 
5.72 

v 
16» 

50* 
100« 

51.7 
51.9 
51.7 
1*9.0 
IJO.C 

0.I127 
0,1178 
0.1(75 
0,1(85 
O.W', 

0.390 
0.1*38 
0.1*88 
0.1*1(0 
0.1*38 

0.012 

0.013 
0.012 
0.012 
0.011 

0, li02 
0,1*51 
CMiO 
0,1*52 
0, iiity 

+0.025 
+0.027 
+0.035 
+0.OJ3 
+0.036 

+3.1 
+0.6 

0 
0 
0 

-1.5 
-1.0 
-0.1 

0 
0 

68.6 
65.6 
6I1.7 
66.5 
61.6 

69.80 
69.20 
64.60 
66.50 
61,60 

+18.0 
+17. 5 
♦ 13.0 
+17.5 
+21.5 

+0,76 

+0,71* 
+0,55 
+0.71* 
+0,91 

1.35 
1.33 
1.25 
1.36 
1.51* 

+I1.17 
+I1.50 
+ 5.83 
♦5.50 
+6.00 

6.70 
7, 52 
7.33 
7.53 
7.1*8 

500 
Final 

0 o. 321 
0.2H2 

0.311 
o. 2o8 

O.OOl 
0 

0,312 
0,208 

+0.009 
+0.021* 

0 0 0,9 
0 

0,90 
0 

+0.9 
( 

♦o.Ol* 
0 

-- +1.50 
♦li.OO 

5.20 
3.1.7 

Tt-sl _26 

InUiaJ. 0 

1* 33. 5 
6 33.0 
8 32.5 

10 32.0 
12" 32.0 
Ui- 31.7 
20« 30.', 
50« 28.5 

l«»« 22.0 
50c 0 

0,090    O,0i*0    1.000 t    Ü.OUO     +0,050 0 22.2      22.20       +22.2    +I.lj2 -- +8.^ 0.6? 
Hußultc prior to h niEec lost 

o. 070 0.020 1.200 0.020 +0,050 
0.150 0.095 1.200 0,095 +0,055 
0.270 0.178 1.200 0.17P +0,092 

o. 350 0.275 1.300 0.275 +ü.075 
0,1*10 0.355 1. 300 0,355 +0,055 
0.li50 0.1*10 1.000 0,1.10 +0.01.0 
ü, 500 0.1.1.8 1.100 0.1.1.8 +0,052 
0.1*70 0.1*1*3 1.000 0,1.1.3 +0, 027 

o.ii75 0,1.1*3 ü.900 0.1.1.3 +0,032 
0.265 0.21.1 0 0,21.1 +0, 021. 

+5,3 35.1. 1.0.70 +7.2 ♦0,1*9 1,21 +8.33 0.33 
+2,6 37.2 39.80 +7.0 +0.1.8 1.21 ♦9.17 1.58 
+ 1,3 38.9 1.0.20 +7.' +0,51 1.21. +15.33 2.97 

-2.2 1.0,2 38.00 +6,0 ♦0,1.1 1.19 +12.50 I..5Ö 
-3.1. 1.0,2 36.80 + 5,0 ♦0.31. 1.15 ♦9.17 5.92 
-2.8 37,5 31.. 70 +3,0 +0.21 1.09 +6,67 6. «3 
-0.8 iU.O 33.20 +2.5 +0.17 1.09 +8,67 7.1*7 

0 31.3 31.30 +3.0 +0.21 1.10 +1*.50 7.38 

0 29.5 29. 50 + 7.5 +0,51 1.31* +5. 33 7. 38 
0 0 0 0 0 -- +1..00 1..02 

2 27. 5 
3 30.5 
1. 31.0 
6 31.0 
7 30. {■ 

8 30.0 
10 29.0 
12" 29.0 
Hi« .'*1, 6 
16«« 28.0 

50«« 26.0 
100»« 22,0 
500 0 

test 27A 

0,002   O.OOt    0.070t    O.OiJi     -0.(02 1 3.8        12,2      16.00      -11.5    -0,65      0.58        -0,33 0,07 
0.016   0.015   0,360     (5015    +0.001 .li,8       26,8     31,60       +1,0   +0,06     l.oli       +0,17 0,25 

0,65 
1.63 
2.23 

2.82 
3.68 
I..35 
I..60 
1..58 

l*.5ü 
I..5Ü 
2.67 

0.01.5 0,039 0,650 0.039 +0, , 006 
0,110 0,098 0,750 0.098 +( .012 
0.155 0.131. 0,800 0.131. +0. ,021 

0.1--- 0.11.9 0,850 0,169 + 0. ,022 
0,250 0.221 1,100 0,221 ♦ü, ,029 
0,285 0.261 1,000 0,261 +1-, , 02I1 
0,300 c. 276 1,050 0.276 ♦0, .021i 
0,300 0.275 1.050 0.275 ♦1 , 025 

0,290 0,270 0,900 0,270 +1. ,020 
0,290 0,270 0.850 0,270 +0. ,020 
0.169 0,160 0 0,160 ♦0, ,009 

3,8 12,2 16.00 -11,5 -0,65 0.58 -0.33 
M 26,8 31.60 +1,0 +0,06 1. Ol. +0.17 
3,8 37.1. 111, 20 + 10.0 ♦0, 57 1.33 +1.00 
1.1 1.1,1. 1.2, 50 +11.5 +0,65 1.37 ♦ 2.00 
0,2 1*1, li 1.1,60 + 11.5 +0,65 1.39 +3.50 

■1,0 1)2.2 1.1,20 ♦11,0 +0,62 1.37 ♦3.67 
■2,5 lil,li 38,90 ♦ 10,0 +0, 57 1,3». ♦1..83 
■2, 5 1*1, li 38.90 + 10,0 +0. 57 1.31. +1..00 
■3,1 1*0,6 37.50 +8.5 ♦0.1.8 1.29 +1..00 
-0,8 37.1* 36.60 +8.5 +0.1.8 1.31 .I..17 

0 .31,7 31.70 ♦5.5 +0.31 1.22 +3.33 
0 28.1. 26,1(0 +6.5 ♦0.37 1.29 +3.33 
0 0 0 0 0 0 +1.50 

Toet 271' 

2 35.7                   0.0O7 0,012 0,1110t ü,012 .0.005 
3 39.5                   0.038 0,ul.2 1.100 0,01.2 .0,001. 
ll 1.0.7                   0,063 0,083 1,301' 0,083 0 
6 '.1,5                0,182 0,170 1,50( O.170 +0.012 
8 1.0,7 ^       0,287 0,252 1,600 0.252 +0.035 

10 '1O.7 jj       0,375 0,331. 1,600 0,33'. +0,01.1 
12" ;.0,5 «       .'.1.23 0,390 1.600 0,390 * 0,033 
11.« 1.0,5 "        Ojr.t. 0.1*05 1.60(1 0.1(05 +0,051 
16« 1*0.1 %      0,1.53 0.1.10 1,500 0.1*10 +0.01(3 
50«« 38,0 *      0.1(1.0 '',397 1,200 0,397 +0,01.3 

IOC«-» 30,0                0,1(31 0,555 1,100 (-,395 0,036 
''« (                     ' , ■2( 1.207       -- Q.297 +0.029 

i'Ccnl itiui^i) 

♦7.5 21,8 29.30 -6,li -0.31. (-,82 -0,83 0.20 
+5.6 36.5 1(2.30 +3,0 +0.16 1,07 -0,67 u,7o 
+3.3 Ii2.ll 1(5,70 +5.0 +0.26 1,12 0 1.38 
♦l.li 1(8.2 1(9,60 +8.0 ♦0.1.2 1,20 +2,00 2.63 
-1.1. 1(9.6 1.6, 20 +7.5 +0. 39 1.18 +5.83 1..20 

-3.1 51.1 1.8.00 +7.5 +0.39 1.18 +6,83 5.57 
-3,1 51.5 1*8,1.0 +8,0 +0.1.2 1.19 +5,50 6. 50 
-2,8 50.0 1.7,20 +6, 5 +0.31. 1.17 +8.50 6.75 
-1,0 1(6.0 1*5.00 +1..5 ♦0,21. 1.11 +7.17 6.63 
0 39.1* 39.1.0 + 1.5 +0,06 1.01) + 7.17 6.62 

0 35.0 35.00 +5,0 +0.26. 1.17 +6,00 6. 58 
0 Uj li.Co +1..5 +0, 2'i — +1..83 lt.'.' 

Results meaourably ari'ected 1 y reflections. 1    Mi.Uipiy value L.v 10 
Wferted ly  reflectiariv and/or redwesd rurCac' preßsure. 

362 



Table 6 (Concluded) 

1* 
6 
7 
8 

10 
12 
1U* 
16* 
20* 

100** 
500 

Pressure 
p s i 

1*6.5 

52.5 

60.5 
6l*.0 
6J*.o 

63.8 
63 .5 
63 .0 
63 .0 
62 .7 
62.0 
1*1*. 0 

0 

Dimen s 11:, 11:::: Parar.c-1e rr. 

Deflections, in. 

0.010 0.010 

0.070 
0.2l*0 
0. 330 
0.1*10 
O.56O 
0.730 
0.860 
0.930 

0 .050 
0 .210 
0.290 

0.350 
0.1*80 
0.610 
0.7h0 
0.820 

0.250t 

0.600 

1.900 
2.200 
2.300 

2.1*00 
2. 500 
2.600 
2.600 
2.600 

0.950 0.850 
0.910 0.850 
0.63*4 0.586 

I0'k 

0.010 

0.050 
0 .210 
0.290 

0.350 
0.1*80 
0J10 
0.71*0 
0.820 

- 0 . 6 X 
10"* 

+0.020 
+0.030 
+0.01*0 

+0.060 
+0.100 
+0.120 
+0.12C 
+0.110 

2.1*00 0.850 +0.100 
1.200 0.850 +0.060 
0 0.586 +0.01*8 

Force pe r Unit Area 
Acting on Top of Device, ps i 

AP Damping I n e r t i a Spring 

Test, 27C 

0 .25 X - 0 . 2 5 X 
I0mk 

+l*.6 

+9.6 
+1+.6 
+3 .1 
+2 .1 
- 1 . 5 
-1*. 2 
- 5 . 0 
-i*.6 

-2 .3 
0 
0 

8 . 0 12.60 

+9.9 19 .0 28.90 

52.6 
67 .9 
72 .3 

76.7 
80.1* 
82.6 
81*.0 
83.3 
76.0 
5^.8 
0 

62.20 
72.50 
75.1*0 
78.80 
78.90 
78.1*0 
79.00 
78.70 

73.70 
51*. 80 
0 

aM-
"u 

D e f l e c t i o n 

-3't.O 

-23.5 

•1.5 
+8.5 
+11.5 

+15.0 
+ 15. 
+ 15.It 
+16.0 
+ 16.0 

+11.5 
+11.0 
0 

x IOOO 

-1.77 0.27 -o.ooi) 

-1.T3 0.55 -0.010 

+0.08 
+0.W) 
+0.60 

+0.78 
+0.80 
+0.80 
+0.83 
+O.83 

+0.60 
+0.57 
0 

1 .03 +3.300 
1 .13 +5.000 
1.18 +6.700 

1.2lt 
1.2k 
1.2U 
1.25 
1.26 

+10.000 
+16.700 
+20.000 
+20.000 
+18.300 

1.19 +16.700 
1.25 +10.000 

+8.000 

O.OOOfc 

0.1700 

0.8300 
3.5000 
I1.8OOO 

5.8000 
8.0000 

10.2000 
12.3000 
13.7000 
1*4.2000 
l i t .2000 
9.8000 

Most of instrumentation lost during test 

• Resu l t s measurably a f f e c t e d by r e f l e c t i o n s . 
•• Af fec ted by r e f l e c t i o n s and/or reduced s u r f a c e pressure ' . 

+ Mul t ip ly value by 10"'* 
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C      D 

a 
(o) 

1 

C 

■ b - 

(b) (d) 

Fig. 1.   Analytical and experimental study 
by Engesser 

(a) 
(b) 

Fig. 2. Earth pressure phenomena in locally 
stressed fills by Terzaghi (1919) 
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D'ST*NCe r«OM CENTER ur GAGE. 

RADIUS OF GAGE. D 2 

a.   EFFECTS OF GEOMETRY 

O.S 1 ? 

MODULUS OF SOLID.   E^ 

MODULUS OF GAGE,  f 

b   EFFECTS OF MODULUS 

Fig. 3« Monfore's distribution of pressure 
as determined by elastic analysis 
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< ' 

E ,   V 

-*, ",, 
1 
t                  T- 

+d. 
i 

B 

CHANGE IN NORMAL STRESS ON 
y = 0   DUE TO   d, 

TENSILE STRESS FOR 

Fig. h.    Distribution of arching 
stresses from an elastic solution 

by Finn 
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I 
I 

V 

\ / 

(a)  GEOMETRY AND BOUNDARY CONDITIONS 

PLASTIC 
REGION        ELASTIC REGION 

(b)  ACTIVE ARCHING - p < < a. 

(c)  PASSIVE ARCHING - p > > o 

P <<'o 

P>o
0 

o a 

(d)   ELASTIC SITUATION - p = cr 

-*-' 

Fig. 5. Circumferential stress distribution from an elastoplasti-c 
solution by Sirieys as modified by Hendron (1968) 
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SLIP PLANES 

"T-r 

STRUCTURE 
ROOF p s VERTICAL STRESS 

q = HORIZONTAL STRESS 

7= SHEARING  STRESS 

L  = WIDTH OR LENGTH OF 
STRUCTURE 

Uo  - DEFLECTION OF  ROOF 

U  = DEFLECTION OF  SOIL 
AT  ANY  DEPTH 

3.   ASSUMED FORCE FIELD 

i~CONSTANT 

b.   ASSUMED VARIATION OF SHEARING STRESS 
VERSUS DISPLACEMENT 

C.   VARIATION OF DISPLACEMENT AND SHEARING STRESS WITH DEPTH 

A   *  Bp 

d.   VARIATION OF STRESS WITH DEPTH 

Fig.  6.    Calculation of arching loads by Newmark and 
Haltiwanger 
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DYNAMIC BONNET 

FIRING 
TUBE 

STATIC 
BONNET 

INSTRUMENTATION PORT 

RIGID BASE 

Fig. 7. Small Blast Load Generator facilities (SBI£) 

a. Normal diaphragm b. "Rolled top" diaphragm 

Fig. 8. Protective diaphragms 
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Fig. 10. Hydraulically controlled test device and control piston 

Base of test chamber with deflection control rods 
and conduits installed 
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Fig. 13. Typical static calibration curve for spring-ring test device 
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Fig. 16. Soil pressure gage placement at the 35-in. level 

i 

Fig. 17. WES soil deflection measuring device 
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Fig. 22.    Dimensionless plot of pressure versus deflection for 
static Test 3 
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a.  TEST   I -ACTIVE, H/B = l/3 
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Fiß. 26.    Change in vertical soil stress at the 35-inch level due to 
deflection of the top of test device, Tests 1 and 2 
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a. Oblique view of soil surface 
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b. Cross-section view of soil deformation 

Fig. 1+3. Depression in soil surface above test device, Test 2; 
H/B = 1 , Pg = 37.5 psi 

1+03 



pig, L|i|. Radiograph of soil deformation pattern. Test 3j 
H/B = 3, Pg = 37.5 psi 
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a.    Oblique view of 38-inch soil level 
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b. Profile of depression at 38-inch level 

Fig. h6.    Depression above test device, Test 1*A; 
H/B = 1 , Ps = 75 psi 
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a. Oblique view of 38-inch soil level 
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a. Oblique view of soil surface 

b. Cutaway view of 35- to 38-inch soil level 

Fig. U8. Soil deformations, Test 5> H/B =1, Pq = 37*5 Psi 
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a. Soil directly above test device 
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b. Soil between 6- and 1̂ -inch radii 

Fig. 50. Posttest soil samples removed from 35- to 38-inch layer, 
Test 6; H/B = 1 , Pg = 37.5 psi 
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Fig.  51.    Dimensionless plot of pressure versus deflection 
for dynamic Tests 11 and 12 
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Fig. 53. Dimensionless plot of pressure versus deflection 
for dynamic Tests 15 and 16 
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Fig. 56.    Dlmensionless plot of pressure versus deflection 
for dynamic Tests 22 and 23 
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b. TEST  25 
Pj  =53 5 PSI, H/B = I 

0 I 2 3 4 S 6 7 a • 10 II 12 13 14 

Fig.  57.    Dimensionless plot of pressure versus deflection 
for dynamic Tests 2k and 25 
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Fig. 58. Dimensionless plot of pressure versus deflection 
for dynamic Tests 26 and 27A 
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Fig. 59.    Dimensionless plot of pressure versus deflection for 
dynamic Tests 2TB and 27C 
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a. TEST II. H/B=3 
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DISTANCE FROM CENTER LINE OF TEST DEVICE, INCHES 

Fig. 60. Variation of vertical soil stress with time at the 
35-inch level, Tests 11, 12, and 13 
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Fig.  61. Variation of vertical soil stress with time at the 
35-inch level, Tests 15, 16, and 17 
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Fig. 63.   Variation of vertical soil stress with time at the 
35-inch level, Tests 23 and 26 
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Fig. 64. Variation of soil stress with depth and time, 
Tests 12, 13, and Ik 
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a TEST ll:H/B=3. PS = 37 PSI 

02* 
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Fig. 71. Soil and structure deflection versus time, Tests 11 and 12 
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a  TEST 15: H/B = l/3. Pc = 39 PSI 
-                  •' *— 

b   TEST 16:H/B=I, Pc = 37 5 PSI 
 2 ^_ 
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• iOH-.35-IN   LEVtL. S^ IN   FHOMCENIEB LINE 
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Fig.  72.    Soil and structure deflection versus time, Tests 15 and 16 
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a   TEST 18: H/B = 7, Pe=3IO PSI 
 1 , r-2 , ^— 

LEGEND 
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TIME, MSEC 

b. TEST 23: H/B^l. Ps=33 3 PSI 
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BASE. Of Dtv Cf , 40 N LEVEL 
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Fig. 73.    Soil and structure deflection versus time, Tests 18 and 23 
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a  TEST 24:H/B=I. P-=3I 7 PSI 
        -   ■ -   <!       ft— 
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X    BASE   OF    DEVICE. 30-IN    LEVEL 
■ -TOTAL   DEVICE, 3S-IN   LEVEL 

^o ib 

b. TEST 27B' H/B=l, PS = 4I.5 PSI 

Fig. 7U.    Soil and structure deflection versus time, Tests 2l+ and 27B 
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a   TEST E; Ps = 38 PSI, TOTAL DEPTH = 48 INCHES 
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b. TEST F: P5 = 205 PSI, TOTAL DEPTH = 48 INCHES 

UE^ENP 

sW 
• - 
■ 
* 

S0lL.i4   IN   LEVEL 
SOIL. M-tN  LEVCL                              ...                     .                  .                   *                   , 
SOiL,42-lN   LEVEL 

-* 

• — 

I iO 

+ -— - 00 

ObO 

■iff-                    ■    ■ 

0 —fi— 
TIME . MSEC 

iO ?b 

Fig. 75.    Soil deflection versus time, preliminary- 
Tests E and F 
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a. Oblique view of soil surface 

b. Oblique view of depression 

Fig. 80. Hump and depression at 50-inch level of Test 12 
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TEST 12 
41-IN. LEVEL 

•'•00-. I . ' 

a . C r o s s - s e c t i o n view of broken s o i l l aye r 

b . Oblique view of s o i l s u r f a c e 

F ig . 8 l . Views of a s o i l c ros s s e c t i o n and the s o i l s u r f a c e a t 
Ul- inch l e v e l , Test 12 
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Fig. 83. Radiograph of soil deformation pattern, Test l!+; 
H/B = 3, p = 245 psi 
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.1(00-30 

a. Side view of soil between (L- and 74-inch levels 

1600-29 

A . 

b. Side view of soil between 71- and 7U-inch levels 

Fig. 85. Soil deformations between 71- and 7̂ -inch levels, Test 18 
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a. Side view of soil between 59" and 62-inch levels 

b. Side view of soil between 53- and 56 levels 

Fig. 86. Soil deformations between 53- and 62-inch levels, Test 18 
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Fig.  87,    Cross-section view of soil deformations, Test 19; 
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Fig.  92.    Active arching curves,  static surface pressure 
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APPENDIX A 

PROPERTIES OF COMPACTED BU2KSH0T CLAY; WALL FRICTION REDUCTION; 
SOIL, GAGE, AND TEST DEVICE PLACEMENT 

A.l Occurrence, Nature, and Index Properties of Clay. The soil 

used throughout this investigation was a highly plastic clay which is 

an alluvial material deposited in low-lying areas adjacent to the 

Mississippi River near Vicksburg, Mississippi, U. S. Army Engineer 

Waterways Experiment Station (1958), This material is generally 

referred to as "buckshot clay" because it forms small pellets in its 

dried condition, Jackson and Hadala. 

The gradation curve and Atterberg limits for this material are 

shown in Figure A-l. The limits for all tests to date are generally 

parallel to the "A" line in the clay of high plasticity portion of 

the plasticity chart. The clay appears to have the same characteris- 

tics as that used by Jackson and Hadala in their study of the 

dynamic bearing capacity of clay. The material was derived from the 

same source as that used by both Carroll and Dorris and the proper- 

ties appear to be very similar. 

This material has been used for a considerable number of studies 

at the Massachusetts Institute of Technology (MIT) and other institu- 

tions. Several reports in MIT's study of The Response of Soils to 

Dynamic Loadings are based on investigations of buckshot or Vicksburg 

clay, synonymoun terms. 
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Buckshot clay classifies as a CH in the Unified Soil Classifi- 

cation System.    The specific gravity of the soil particles is 

approximately 2.68.    The relative consistency of the soil at 26 per- 

cent water content is medium with an average unconfined compressive 

strength of Ik psi. 

A.2    Compaction Studies.    Initially the test program included a 

study of the effects of soil saturation on arching.    It was known that 

the constrained modulus of clay was sensitive to this parameter.    The 

compaction study was undertaken to determine the compaction effort and 

water content required to produce degrees of saturation between 70 

and 95 percent. 

The soil was placed in the Small Blast Load Generator (SBLG) 

using the techniques described in Section 3.5 of the main text.    The 

thickness of the soil layers and the amount of compaction effort were 

varied.    The saturation possible to attain within the workable range 

of water contents was approximately 80-90 percent, Figure A-2.    Satu- 

ration increased with water content as anticipated.    The numbers in- 

serted beside the open data points are the number of passes of the 

mechanical compactor required. 

he results of the tests indicated that it was possible to 

significantly increase saturation with increased compaction if the 

initial water content was lower than 20 percent.    At water contents 

of above 25 percent, the effect of compaction on the degree of 
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saturation was small.   At water contents of 30 percent or above, the 

effects of compaction were negligible (Steen, 1966b).    The compaction 

tests showed that the range of usable water contents fell within an 

area such that variation of saturation was not practical.    The use of 

the degree of saturation as a test parameter was abandoned. 

Based on these tests and previous work by Jackson and Hadala 

it was decided that a standard compaction technique would be adopted 

and water content would be used as the principal means of soil 

strength control.   An attempt was made to hold water content con- 

stant at 26 percent throughout the main test series.    It was only 

possible to limit water content to 26 + 2 percent.    Saturation varied 

over a small range between 86 and 92 percent. 

In the previously cited work by Jackson and Hadala, a U-pass 

compaction technique was developed and related to the standard 

Proctor compaction curve. Figure A-2.    Using this relation,  it was 

possible to prepare large laboratory samples for tests described 

later in this appendix. 

After the test program started, it became evident that the clay 

was acting as if it were saturated in some tests, especially those 

involving high pressures and/or long periods of time.    From a series 

of laboratory triaxial tests, the diagram shown in Figure A-3 was 

constructed.    It was assumed that a saturated condition had been 

reached when the shear stress became constant.    This figure was used 
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as a guide  Ln the planning and analysis of subsequent tests. 

A.3   SBLG Wall Friction Reduction Studies.    Just prior to and 

during the  Initial portions of the test program, a detailed study of 

wall friction in the SBLG was conducted by Hadala (1967b) .   Both un- 

lined and lined (grease-polyethylene and grease-neoprene) specimens 

were tested.    A su-nmary of the test results is shown in Figure A-^. 

This figure indicates that friction losses for unlined clay speci- 

mens was insignificant at static pressures of 250 psi or higher but 

that the losses could be significant for low pressure static and all 

dynamic tests.    Figure A-kh shews that the friction losses for all 

lined specimens was less than 10 percent of the applied stress at a 

depth equal to one diameter. 

Hadala also found that the grease-polyethylene liner was suscep- 

tible to more damage than the grease-neoprene liner during the con- 

struction of the clay specimen in the SBLG. 

Based on Hadala's test results and considering the range of 

static and dynamic incident pressures planned, a double, l/l6-inch 

neoprene liner covered with a thick layer of 0-^403 automotive and 

artillery grease,  constructed as explained in Section 3.5 of the main 

text, was selected for use. 

In the preliminary test program and the early static tests, two 

problems arose which caused a reexamination of the liner problem. 

Posttest examination of the soil specimen shewed that grease was 
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being squeezed from between t^ double liner and the friction losses 

during the static tests were higher then expected. 

The horizontal expansion of the clay specimen would negate the 

one-dimensional compression conditions desired and thus affect the 

vertical stress wave velocity.    Two methods of attacking this prob- 

lem were tried.    First, a neoprene-graphite combination was tested 

to determine its coefficient of friction.    Tests showed that the 

friction coefficient for the neoprene-graphite combination was 0.13 

as compared with a coefficient of 0.02 to 0,08 for the neoprene-thick 

grease combination.    The graphite was abandoned and a second approach 

was tried.    Instead of a thick coat of grease between the neoprene 

layers,  the liners were wiped with a greasy rag.    Checkout tests 

showed this procedure to be satisfactory; no apparent loss of friction- 

reducing capacity and no excess grease occurred. 

The friction losses at depths below one diameter were attacked in 

another manner.   As previously explained, the continuous neoprene 

liners were taped to the side of the test chamber during the con- 

struction of the soil specimen, Figure 11.    After the specimen was 

completed, the tape holding the inside liner was cut.    In an attempt 

to improve the friction-reducing capabilities, it was decided that 

instead of stopping the inside liner a couple of inches short of the 

base as was the practice, it would be turned under the soil at the 

base.    Secondly, the inside liner was segmented into 1- to 2-foot 



strips.    This practice reduced the friction considerably.    In all but 

the low pressure tests, the sidewall friction was practically 

insignificant.    At the depths used for device burial, friction losses 

were very small even for the low pressure tests. 

A.h   Soil Placement Techniques.    The soil placement procedures 

explained in Section 3*5 of the main text were developed by Jackson 

and Hadala.    The soil was generally uniform except between the 

layers.    In spite of the scarifying technique,  it was obvious 

that distinct layers existed and had some effect on the test 

results. 

Although such a condition was undesirable,  the time and funds 

necessary to develop a new soil placement technique were not avail- 

able.    Preliminary study showed that a penetrating device with a 

tapered head which could work on the sheepsfoot roller principle 

probably would solve the problem.    The device and technique presently 

are under study at WES.    One major problem with this technique is the 

protection of instrumentation and cables buried in the soil. 

A.5    Gage Placement Techniques.    The cut-and-cover gage placement 

technique explained in Section 3«3.2 was patterned after one of the 

procedures tested by Hadala (1967a) in his gage placement study.    The 

mechanics of placing the gages, such as design of the cutter and the 

mounding technique, were perfected during this test program, Figure 16, 

During the dynamic tests, it was found that cable breaks were 
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frequent.    It was necessary to provide considerable slack in the 

cables, especially along the chamber wall and near the cable port. 

In addition, the cables were covered with l/k-inch plastic tubing, 

Figure 16. 

In the static test program, moisture migration was a problem. 

It was necessary to carefully wrap and waterproof the cable connec- 

tors and the connection between the cable and the gages.    The cable 

had to be changed frequently since any break in the insulation 

allowed moisture to enter the circuit, especially at high pressures. 

The placement program conducted by Hadala (1967a) and Ingram (1965 

and 1967) plus the preliminary tests performed in this program showed 

that soil pressures were normally accurate to less than +10 percent. 

It had been planned to check each soil pressure gage in the soil. 

The gages were to be installed in soil using the standard procedures 

and a series of registration tests were to be performed.    However, 

the test device required to accomplish this task was not available 

soon enough.    The soil gages were air calibrated several times during 

the test program. 

A.6   Test Device Placement Techniques.    It was necessary to de- 

velop a procedure for placing the test device which would minimize the 

possibility of damage during soil specimen construction and reduce the 

effects of sidewall friction,   A wooden block with a diameter l/8 inch 

larger than the device was constructed, Figure A-5a.   When the 30-inch 
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soil level was attained, the block was placed in the position 

planned for the device.    Then, the soil specimen construction was 

continued in two lifts to the 35-inch level.    Extreme caution was 

required in the use of the mechanical tampers.   When the level of the 

compacted soil reached the planned elevation, the block was removed 

and the device placed in the hole left by the block, Figures A-5b and 

16.    The next layer of soil was then placed directly on top of the 

device.    The depth of soil in the next layer was sufficient to pro- 

tect the top of the device. 

To reduce the friction between the soil and the sides of the 

device and to prevent soil from obstructing movement of the device, 

it was necessary to cover the device.    For this purpose a machined 

metal shield was used to cover the gap between the top and the main 

body of the static device.    A single 0.015-inch layer of Teflon was 

wrapped around the entire device. Figure A-5b.    For the dynamic de- 

vice, only the Teflon was required.    Preliminary tests to determine 

the coefficient of friction indicated that friction between the soil 

and the scructure would be insignificant.    Examination of the radio- 

graphs disclosed that sufficient friction existed to deform the soil 

in the vicinity of the device, especially at the 32- to 33-inch 

levels. 

A.7    Laboratory Investigation During Test Program.    A series of 

laboratory tests was performed on samples taken from each soil 
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specimen to control and measure soil strength. 

As the soil was being prepared in the pugmill and after delivery 

to the test site,  its water content was checked.   As the soil speci- 

men was constructed, the dry density and water content were determined 

for every other layer.    These data were determined from two Little 

Rock drive density samples removed from these layers.    Initially, two 

Hvorslev unconfined compression tests were performed for every other 

layer.    Because of the large number of tests required, this was later 

changed so that the Hvorslev tests were used at the 35-inch level and 

every layer above this level. 

The procedures for performing the Hvorslev tests are explained 

by Hvorslev (191+9)»    The sampler is shown in Figure A-6a and the un- 

confined compression machine in Figure A-6b.    The Hvorslev tests 

proved to be a very rapid and accurate means of checking soil 

strength.    Initially, it appeared that the Hvorslev data would 

always plot higher than the strength determined by the normal labora- 

tory unconfined compression test.    Later in the test program, when a 

large amount of data were available, this conclusion was found to be 

incorrect.    Within the scatter of the data,  it was not possible to 

distinguish such a trend, Figure A-7a. 

In addition to the samples discussed above, two U-inch undis- 

turbed cube samples were taken from most soil specimens.    These 

samples were used to perform unconfined compression, triaxial 
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compression, and consolidation tests in the laboratory.    After the 

correlation between the Hvorslev and laboratory teat results was 

available,  the number of undisturbed block samples was reduced, 

especially when more than one test was performed on the same batch 

of soil. 

After most tests, Hvorslev samples were taken at "•"he surface and 

at every other layer above and beside the test fV/Lce.    In addition, 

4-inch undisturbed block samples were tp.:.?;n during the prelirainary 

test program.    Some of the posttc :it results are plotted in Figure A-7b. 

A consolidation of all vW density and unconfined compressive 

strength data is shown in T#bl" h.    It is interesting to note the 

trends between the pre- «iM poattest data.    In general, soil strength 

increased and water content decreased, though this was not always the 

case with the water content.    The amount of strength change appears to 

depend on the surface pressure and, :"or the sample taken directly 

over the test device, the flexibility oi the test device.    Stiff 

devices obviously compressed the soil more and thus raised the 

strength, while flexible devices had the oppoMve effect except at 

the high pressures used in Tests 13 and Ik. 

The only test in which the  "all-samples" sol."'  strength did not 

increase with testing was Test 25.    This is a repea^ test on the 

same soil specimen used in Test 2k so the data are cuopeet. 

The movement of the data upward and to the left, e oe-pt for the 
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one test at a water content above 30 percent, can be seen in Figure 

A-7b. The preponderance of the data increased in shear strength by 

approocimately 3.5 psi and decreased in water content by approximately 

0.5 percent. 

A range of water contents was used in the preliminary program 

so that a reasonable one could be selected. A water content that 

could be expected in the field but which would not mask the test 

results with effects predominated by water content was desired. Be- 

cause only one water content was to be used, it was decided to select 

one wet of optimum if possible. A search of the literature concerning 

buckshot clay and previous arching studies furnished only a small 

portion of the information required to design the experiments and their 

instrumentation. 

A.8 Pretest Studies. In order to design the main test pro- 

gram, it vas necessary to study: dynamic and static properties of 

buckshot clay, the soil displacements and accelerations to be ex- 

pected at various depths, the pressure wave characteristics, and 

particle velocities. 

The constrained modulus vas probably the most Important soil 

property determined. It was the basis for establishing the range of 

relative compressibilities between the test device and soil. 

In addition to the parameters used to design the test device, 

the preliminary test program established the ranges to be expected 
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for the soil pressure, acceleration, and deflection gages. This was 

necessary so that proper size gages and gains could be used. 

The preliminary test program consisted of two phases which were 

accomplished simultaneously. Instrumented soil specimens at various 

water contents were built and tested in the SBLG, Table A-l. Soil 

samples prepared from the same batch of soil were tested in an impact 

loading device. 

A.8.1 Small Blast Load Generator Tests. A series of five dy- 

namic tests at four water contents were conducted in the SBLG, Table 

A-l. The variation of soil pressure, displacement, and accelera- 

tion with height and water content of specimen were studied. The 

test layout is shown in Figure A-8. The number and location of the 

various gages varied somewhat during the tests. 

The original Test D was conducted on a soil specimen with 26 per- 

cent water content. The planned surface pressure was kO psi. For 

some unknown reason, the explosive charge fizzled. The rise time to 

peak pressure was very long and the desired peak pressure was not 

attained. Results from this test are not included in this report. 

As a result of this failure, a new soil specimen was prepared 

at a water content of approximately 2';,5  percent. It was first 

exposed to a surface pressure of Ul psi. The results of this test 

are identified as Test E in Table A-l. After the surface deflection 

was measured and the gain on the instrumentation changed» the 
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specimen was subjected to a surface pressure of 238 psi.    This test 

is identified as Test D. 

Copies of the basic oscillograph records from which all time 

and magnitude measurements were made are contained in Appendix C. 

The type of instrumentation and its location are shown with each 

record.    The SB soil pressure gage used in these tests was the same 

type described in the main body of the report.    The accelerometers 

were the same piezoelectric gages explained in Chapter 3.    The L'-inch- 

diameter soil displacement disks were constructed from a density» 

matched epoocy.    These disks were placed at various radii and levels 

and were used as a basis for measuring permanent soil displacements. 

In Tests A, B, and C, a water bag was used at the base of the 

soil specimen.    This water bag was constructed of neoprcne, and was 

2 to 2-1/2 inches high when evenly compressed.    A Norwood and a piezo- 

gage were located in the water bag.   With this test setup, it was 

possible to study the sidewall friction, base pressure, and reflected 

pressure waves. 

In Tests D and E, soil deflection rods were installed and in- 

strumented for axial strain. Figure 1%    The strain was asasured as 

a precaution to ensure that the strain in the rod was small as COM- 

pared with the aovenent of the soil disk.    The results confinwd the 

fact that strain in the rods was very small at low pressure and still 

insignificant at high (pressure. 
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A.8.2   Confined Compression Tests.   A series of static and 

dynamic confined compression tests was made using the gas-actuated 

impact hammer and instrumentation shown in Figure A-9*    The soil was 

prepared by compacting it into "concrete" molds at the water content 

and density used in each of the preliminary SBLS tests, Figure A-10. 

Soils at each of the four water contents (23* 25» 27» and 32 percent) 

were subjected to static and dynamic pressures of 37.3» 73» 120, and 

2U0 psi. 

To prepare the soil for testing» 1-inch-high disks» Figure A-10» 

were cut from the prepared specimen by use of a piano wire.    The 

edges of each specimen were wrapped in a layer of Teflon before the 

specimen was placed in the confining chamber.    The confining chamber 

was placed under the impact «■w^hin*» and the hea«!, vM*»»« •-•- ♦*— —— 

diameter as the Inside diameter of the confining chamber» was lowered 

onto the top of the soil disk. 

When the trigger mechanism fcr the hammer was released» a timing 

device triggered in turn a camera which photographed the display of 

the stress and strain on the oscilloscope.   Typical oscilloscope 

records are shown in Figure A* 11.    The stress and strain traces were 

not coupled to produce X-Y plots for use as stress-strain curves. 

There is a danger of a phase shift with the viscous buckshot clay. 

The test program explained in this section was used since the 

constrained modulus was so Important to the test program and no other 

»•73 



device was readily available. The one-dimensional compression device 

under design by Schindler was not ready, and the device at the Uni- 

versity of Illinois, Kane, Davisson, Oleson, and Sinnamon, was not im- 

mediately available. After the test program had been completed, 

Schindler's device became available and was used to perform one static 

and one dynamic test on soil specimens prepared at a 26 percent water 

content. The test results are included in the following sections. 

A.9 Static Properties. In order to study the properties of 

buckshot clay and relate them to the arching actions observed in the 

soil, a laboratory test program was designed and carried out both 

prior to and during the main arching test program. Each of the sec- 

tions below will introduce and explain briefly the various soil tests 

and their results. Several investigators have shown that the strength 

and volume change associated with buckshot clay when subjected to a 

load is a function of the loading rate, Whitman et al. (1962a), 

Carrol, Kane et al.. Perry. The change in shear strength appears 

to be related to the degree of drainage and some other phenomenon 

which has not been completely isolated. In spite of the low permea- 

bility of buckshot clay, it is important to specify the drainage con- 

ditions. In some of the rather long tests in the static program, 

drainage did occur. This was evidenced by the water seeping from the 

test chamber at the flanges. This was especially true in Test 8, one 

of the high oressure static tests. Although the soil was not 
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saturated in its compacted state at the beginning of the test, it did 

become saturated during this test, Figures A-2 and A-3.    Even in the 

dynamic tests, the very high pressures may have changed soil volume 

sufficiently to induce a saturated condition. 

In those tests in which the clay became saturated or very nearly 

saturated and was subjected to strains without drainage, the clay 

behaved as a cohesive material with   ^ , the friction angle,  equal 

to zero. 

From the preceding discussion and the test conditions explained 

in the main body of the report, it can be seen that no one laboratory 

test can depict the conditions which existed in each of the arching 

tests.    In order to specify the strength of the material, it was nec- 

essary to establish the stress levels which existed,  the drainage 

conditions, and the rise time and/or duration of the load. 

The unconfined compression test does not allow control of drain- 

age or confining conditions.    For this reason it was initially planned 

that the unconfined test would be used only to estimate the shear 

strength.    The closer the clay approached a saturated condition and 

its failure approximated an undrained condition, the more accurate 

the shear strength computed from the unconfined test became.    Due to 

progressive failure, the average shearing resistance was taken as 

a /2, Terzaghi and Peck.    When clay is unsaturated, the confining 

pressure can have measurable effect on its shearing resistance and 
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the trlaxial test is more applicable.    It is for these reasons that 

both unconfined and triaxial tests were used in this program. 

Due to the significant nonlinearities in the stress-strain 

curves for buckshot clay, it was difficult to determine one modulus. 

The modulus actually was continually changing, depending upon the 

stress or strain level.    Thus it was necessary to use tangent modulus 

values which were approximately constant over some range of stress or 

strain or to use a secant modulus which was dependent upon some se- 

lected stress or strain. 

It would have been desirable to have the same stress and strain 

conditions in the laboratory test as those to which the soil was sub- 

jected in the arching test.    Lateral strain appears to be minimized 

during underground arching; therefore, it was desirable J     limit lat- 

eral strains.    It was for this reason that one-dimensional <     pres- 

sion tests were used in the preliminary test program.    Time and funds 

did not allow an appropriate investigation of strain rate effects, 

and data from other investigations in this field have been used. 

A.9.1   Unconfined Compression Tests.   As previously explained, 

two types of unconfined tests were conducted, the normal laboratory 

test and the Hvorslev test.    Figure A-7 compares the maximum strength 

determined by both type tests.    Figure A-12 illustrates the stress- 

strain results from many of the laboratory tests.    Inasmuch as the 

buckshot clay appeared to be strain rate sensitive, the tests were 
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separated based on time to failure.    In the tests which were con» 

ducted in more than 20 minutes, the soil displayed a plastic action. 

At a strain of apprcociaately 7 percent, the soil became fully plastic 

and there was very little increase in the soil strength for an in- 

crease in strain, especially above 25 percent water content.    The 

drier soil reached this point at approocimtely 10 percent strain. 

Obviously, the higher the water content the lewer the strength. 

The curves for specimens tested to failure at a rate faster than 

20 minutes did not indicate as much scatter as those from the slower 

tests.    They generally exhibited a higher strength than the curves 

from the slower tests «ith the exception of the soil at a water con- 

tent of 2U percent.    In the faster testst the soil became fully plas- 

tic at lower strains, Pltfure A-12b. 

The failures occurred in the test specimens by both splitting 

and bulging.    In First casef, the failure appeared to be a combina- 

tion of the two uodes of failure.    The soils were coapact*! wet of 

optimum water content» but were not saturated.   Oenerrlly the satu- 

ration of the test samples varied fr m 86 to 92 percent, depending or. 

the initial water content. 

The unconfined tests were an «mcellent means of soil strength 

control.   They also indicated relative strengths at various water 

contents.   The test results appear to be applicable to the low pres- 

sure static tests which were conducted in a matter of hours rather 
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than days, where confining pressure and drainage conditions nay not 

have been significant. 

A.9.2   Triaxial Tests.   These Mrs quick tests with confining 

pressures approximtely equal to those used in ths static test 

progra«. 

Typical examples of the triaxial test results are plotted in 

Figure A-13>   These results indicate cohesion varying froa 10 to 

16.7 psi tnd friction angles varying fit» 1 to 6 degrees depending 

upon the water content.    Thus, the buckshot clay acts alja,si like 

a   ^ ■ 0  Material, especially at the desired water content oT 

26 percent. 

Figure A-1' shows that confining pressures within the range 

tested had very little effeet on thi soil strength as eoapared with 

a slight change in the water content, except for the soil with a 

23 percent eater coo'ent.   The variation was insignificant for the 

26 percent eater content Material. 

Tim to failure during the triaxial conpression tests varied 

frosi 90 to 60 ninutes or a rate of strain of approximately 0.25 to 

0.y> percent per ninut«. 

A eonparison of Figures A-I2 and A-l • disclosed that at coa- 

parable rates of strain and with eater contents approxinating 26 

percent, ths average etrength of the aaterial as determined by both 

tests was virtually identical.   At 8 percent strmin the avertgt 
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strength as determined by the unccmfined tests «M 2 psi higher. 

The ultinate strengths «ere identical.    The unconfined tests 

conducted In less than 20 ainutes disclosed average strengths 8 psi 

larger than the triaxial results at both U and 8 percent strain.    At 

ultiaate strength the faster unconf ined results were 7.9 psi larger. 

For 26 percent water content aaterial it is evident that the 

effects of confining pressure vitoin the range tested «ere insignif- 

icant as co«pared with the effects of rate of strain.    At coaparable 

strain rates the strengths as determined by unconf ined coopression 

tests are as valid as the triaxial test results.   Carroll also 

found that the effects of confining pressure were insignificant 

as compared to water content and strain rate, Figure A-IU. 

During the triaxial tests, the samples failed by splitting 

end/or bulging. 

A.J.3   Direct Shear Test.   Consolidated-drained direct shear 

tests were not performsd during this test program.   Shear strength 

as determined by the normal shear box is very questionable and 

has fallen from use except for particular soil types.    A large 

nuaber of tnese tests were conducted by Jackson and Hadala, and 

Hadala (196)} during the^r investigation of tne dynamic bmaring 

capacity of buckshot clay.   These were stress-controlled tests on 

2.i>. by r.  - by ü.'.-Inch-high specimens.    Although it is difficult 

to compare directly, the shear strength as determined by the direct 
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shear test using specimens of equal water content was approximately 

20 percent higher than comparable triaxial results. 

A.9»^    Consolidation Tests.    Normal consolidation tests were 

performed on samples removed from some of the test specimens.    Normal, 

e - log p   curves were drawn and, in addition, the stress-strain 

curves shown in Figure A-15 were constructed.    Until such time as 

better data were available, these curves were used (to obtain an 

estimate of the one-dimensional modulus of the material). 

A.9.5    Stress-Strain Curves.    The pretest stress-strain curves 

plotted in Figure A-l6 were generated using confined soil samples 

prepared as explained in Section A.8.2.    The 1-inch-high by 6-inch- 

diameter specimens were loaded with the MIT constructed loader at 

the rate of 1,000 pounds per minute or 35«^ psi per minute. Fig- 

ures A-9 and A-10.    Three different specimens were loaded at three 

different pressures,  37.5» 75, and 2h0 psi. 

The curves In Figure A-16 marked with test numbers were con- 

structed by using data generated at the 30- to 35- or 30- to 38-inch 

levels of the soil specimens placed in the SBLG.    Paired soil deflec- 

tion and pressure measuring gages were at the same level and radius. 

The surface pressure was applied at the rate shown in Figure A-l6. 

A more uniform rate was desired but not always attainable.    These 

curves depict the stires s-strain relation within the soil and are not 

necessarily analogous to the one-dimensional compression test. 
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The posttest curve In Figure A-l6c was derived from data devel- 

oped using Schindler's one-dimensional test device. The soil speci- 

men was 1 inch high by 10 inches in diameter. 

The low pressure curves in Figure A-l6a indicate a plastic 

material which tends toward a fully plastic condition.    Obviously, 

the loading rate even at this pressure level has a large effect 

on the total strain and the shape of the curves. 

Figure A-l6b contains the medium pressure curves.    There is a 

point of inflection in both curves.    This is an indication that some 

sort of locking action is taking place.    In this case,  it is probably 

due to the change in the degree of saturation and not to the type of 

loading action normally associated with sand. 

The high pressure curves are shown in Figure A-l6c.    In the 

pre- and posttest curves, the locking action is marked.    It is not 

as obvious in the curve derived from Test 8.    The small strains 

that resulted from the relatively slow rate of load application are 

difficult to explain.    There appeared to be a malfunction in the 

deflection gage at the 35-inch level which could account for the 

discrepancies.    The curves resulting from the two entirely different 

compression devices are remarkably similar. 

In determining the constrained modulus from the pretest data, 

a secant modulus was used.    In spite of the effects of strain rate, 

the data proved reliable enough to design the test device.    The 
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modulus calculated from the stress-strain curves in Figure A-lU also 

were used. They constitute one extreme of the effects of loading 

rate. 

As can be seen from the stress-strain curves, the modulus of 

this material was continually changing during the course of the tests. 

This modulus was affected by the pressure, depth of soil, loading 

rate, and the saturation of the material. In studying the test re- 

sults in Tables A-l and A-2 plus those in the main body of the report, 

this fact should be kept in mind. 

A.9'6 Constrained Modulus. Table A-2 contains the range of 

values derived for the constrained modulus from all sources. In most 

cases, the values appear to be reasonable. In spite of the dispari- 

ties in the strain rates, the modulus calculated from the one- 

dimensional laboratory compression tests related closely to those 

calculatud during the SBLG tests. The one major exception was Test 8 

which was discussed in the first paragraph of Section A.9. 

The modulus derived from the SBLG tests was calculated by meas- 

uring at a designated time the differential strain over a particular 

gage length, and the average pressure between the top and bottom of 

the gage length. 

A. 10 Dynamic Properties. In the study of the dynamic proper- 

ties of buckshot clay, several properties were of particular interest. 

Of most importance were the stress-strain and modulus data. These 
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vere required to plan the various stiffnesses for the test device. 

The  constrained modulus was calculated not only by using stress- 

strain, but also by using propagation velocity of the peak stress 

wave: thus, a study of velocities was conducted. In dynaaic tests, 

the rise tine of the pressure pulse can affect the loading a buried 

structure experiences; therefore, infonaation on this subject was 

collected and used in the planning of the test prograa. 

A. 10.1 Variation of Propagation Velocities. In the study of 

propagation velocities two tines were of interest; the arrival of 

the initial disturbance, and the arrival of the peak pressure. The 

velocities between the soil surface and the level of the test device 

were of particular interest, i.e. the top 2 to 18 inches of aaterial. 

The time for the presrure wave to reach the base of the test chaaber 

also was Important, sine« Mils was used to determine the amount of 

soil required below the test device and the amount of time available 

to study structural actions lefore the reflected waves interfered. 

Figure A-17;' is a plot of the preparation velocity of the ini- 

tial disturbance. The data were taken from the records in Appendix C. 

There is considerable variation in the velocity except for the high 

water content aaterial in Test C. This uniformity was probably a 

function of the high degree of saturation. The relation between the 

velocity and the water content did not appear to be reasonable, i.e. 

the soil with the lowest water content had the highest velocity and 
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the soil with the highest water content had the lowest velocity. 

Further examination disclosed that if Test E, the low pressure test, 

is oaitted, the velocities are in an inverse relation to the water 

content. 

The relation between the pressure and the velocity also appears 

to be out of order. The low pressure test, E, had a higher propaga- 

tion velocity than the high pressure test on soil with the saae water 

content. It was not until a point approocinately 18 inches below the 

surface was reached that the position of the velocities appeared to 

le in proper relation to each other. 

In Figure A-171, the propagation velocity of the initial peaX 

pressure, disregarding reflections, is plotted. These velocities 

were «ore unlfoni fro« surface to baae. In addition, Material with 

a higher water content had a higher velocity than the drier aateriai. 

The higher pressure tests also developed higher propagation veloc- 

ities than the low pressure test. 

Baaed on the Material shown in Figure A-17, the propagation 

velocity of the first stress peak was selected as one of the Beans 

for calculating the constrained aodulua. Although these velocities 

are not exactV- ahock velocities, inspection of the pressure siirna- 

tures in Figures C-73 through 0-8? shows that they are close enough 

for the purposes desired. 

Figure A-18 is a plot of the propagation velocities fraa several 



of the prograa test*.    The water content varied free 26.^ to 2$.l per« 

cent, Table U,   This .'igwrt confirae the rather obvious fmct that 

velocity is dependent upon the surface pressure initiating the stress 

wave.   With the exceptions of Test 12 at 70 pel and Test 17 at k0,5 

pel, the curves are in descending order of surface pressure.   The 

reason for the transposition of Test 12 is not clear even though its 

water content was 26.U percent and generally high in co^arison with 

the other tests.   The position of Trst 17 is understandable since 

this was a repeat shot on the save -.oil speciswn as that used in Test 

11.    Close examination discloses that the velocities in Test 17 ex- 

ceeded those in Ten 11 at all depths. 

Figure A-19 shows the variation of peak stress velocity with 

surface pressure and soil water content.   The pressure curves in fig- 

ure A-19a were not noraalited for water content even though there was 

a I.', percent rangt.    The water content curves in figure A*19b were 

noraalised to 200 psi.   The 6-inch level was not plotted because of 

the scatter in the data.   These curves indicate that peak pressure 

waves attained a relatively constant velocity at a water content of 

approKiaately 26 percent.   This indicates that soil with this water 

content and above beeoass saturated at 200 psi.   This does not agree 

with the results shown in figure A-3. 

Based on figures A-17bt A-18, and A-19, the calculated modulus 

should be fairly unifoni in relation to depth, but should wary with 



pressure and water content. At higher pressures the water content 

does not appear to have a large effect until a point is reached where 

the material does not approach saturation at the test pressure of 

interest. 

The velocity of the -peak  pressure does not appear to vary with 

depth as sone soil model builders believe, at least not within the 

depths used for these tests. This wave velocity appears to be de- 

pendent primarily on the stiffness of the soil, the surface pressure, 

and, of course, the type material which was a constant for these 

tests. Thuik, the "•-...>. ity of the peak stress is directly related 

to the stre." strain characteristics of the soil. These are dis- 

cussed in Sect \>- A. 10.3. 

The vtlositiet plotted in Figures ,-17 and A-l8 were not cal- 

culated fron tfce stress-strain curves, but were measured directly 

from the oscillngrapn records of the soil pressure gages. 

A.10.2 Ri«e Times. Dynamic amplification effects can be very 

important to buried structures Just as they are for surface struc- 

tures. Figure A*20 is a plot of the variation of rise tine of the 

stress wave with depth, water content, and pressure. The rise time 

was nondijwnsU>nalized by plotting the pressure at the depth of in- 

terest over its rise time divided by the surface pressure over the 

rise time at the surface. 

The effects of high water content were dramatic. The effects of 
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pressure were large at shallow depths.    At a depth of 2k inches, the 

effects of water content below approximately 25,6 percent and of 

pressure within the range tested appeared to be minimal in the nondi- 

mensional form.    Figure A-20 appears to confirm the findings reported 

in the main body of the report.    At shallow depths of burial and high 

pressure levels with water contents around 26 percent,  the rise time 

can affect the load which the test device experiences.    Dynamic am- 

plification was possible as the ratio of the rise times to the period 

of the structure and the test results showed. 

A.10.3   Stress-Strain Curves.    Stress-strain curves were gener- 

ated at four water contents and at least four pressure levels using 

the impact loader previously described.    The soil specimens were 

6 inches in diameter and 1 inch high.    Specimens 2-1/2 inches high 

were tried but the results were very erratic because of what appeared 

to be friction losses and the time necessary for the stress wave to 

traverse the specimen.    Figures A-21 and A-22 show the results of 

these tests.    Peak load was reached in U to 6 msec.    In these curves 

the material displays a plastic behavior.    It was only at high pres- 

sures in the wetter material that the shocking action caused by satu- 

ration became evident. 

In addition to the laboratory stress-strain curves,  similar 

curves wore constructed using data developed during the SBLG tests. 

Data collected with the deflection and pressure gages located witnin 
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the soil at the 30- to 35- or 30- to 38-inch levels were used.    Fig- 

ure A-23 contains these curves.    The lew pressure curves appear rea- 

sonable while the high pressure curves are erratic.    The total 

strains and shapes of the curves are considerably different fron 

those in Figure A-22. 

Figure A-23b also contains a stress-strain curve generated by 

using Schindler's one-dimensional compression device.    The sample 

was 1 inch high by 10 inches in diameter.   This curve is not similar 

to all the previously described curves. 

It is evident that the rate of strain has a large effect on the 

characteristics of the stress-strain curve.    It almost masks the ef- 

fect of water content.    One-dimensional tests were not as good an ap- 

proKination of the SBLG conditions as they were in the static tests. 

This was especially true at high pressures. 

Carroll shoved similar strain rate effects in his investigation 

of buckshot clay, Figure A-2U. 

The stress-strain curves resulting from the laboratory confined 

compression tests were used to determine the constants in the clay 

models suggested by Seaman.   Using the parameters described in 

Seaman's report it was not found possible to duplicate his results 

or to predict the results experienced in the SBLj. 

A.10.U   Constrained Modulus.    Constrained modulus was required 

to design the teste and the test devices.   This modulus also was 
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calculated after each t«at in order to detemine tb« »ctual relative 

flexibility of the structure versus the soil. 

Prior to the aain test progrsa, the one-diaensiooal laboratory 

tests discussed above, the preliminary tests in the 8BLQV and a aethod 

of calculation suggested by Johnson «ere used tc estiaate the coo- 

strained Modulus.    The aodulus was determined in two ways free the 8BLC 

tests.    First the actual stress-strain curves were constructed as pre- 

viously explained fron data generated during Tests D snd B.    In addi- 

tion, a aodulus was calculate! using the velocity of propagation of the 

peak stress.   These were aeasured velocities and not calculated froa the 

stress-strain curves.    The stress waves shown in Appendix C were not con- 

sidered shock waves, since their rise tiaes, especially at depth, were 

noraally aeasured in ailiiseconds and not aicroseconds.    In spite of this 

"discrepancy," a aodulus was calculated using the siaple foraula, 

N   > Co , where   o   is the wet density of the soil   and   C   is propa- 

gation velocity of the peak stress between any two points of interest. 

Table A-l contains the values of constrained aodulus derived 

froa all sources.    The range of values shown for the 8BL0 tests was 

calculated using the velocity froa   he surface to the 30-inch level 

and fro» the surface to the base.   The stress-strain data were de- 

rived fron two different locations, between the 2U. and 36-inch 

levels, and between the 2km and 4?-inch levels.   When s range of 

values is shown it signifies tnat several tests were perforaed at that 



vftter content and pressure level.   The full range of values is given. 

The secant modulus and not Ute tangent modulus is used.    Based on 

Ulis, considerable difference was expected in the values of the modu- 

lus.    The one-dimensional compression tests appear to agre« more 

• losely with the velocity data tnan the strain data which are larger 

in all cases.    The values calculated usliq; Johnson's approach also 

are shown.   They agree with the one-dimensional tests raUisr well at 

the Intermediate pressures, but appear to be high and low at the upper 

and lower sxtreme pressures respectively. 

The soil moduli for the main test program are shown In Table 2 

of the main text.    Ilote uiat uoth velocity and strain data were used. 

In many cases the agreement was quite good} in others tner« was 

considerable difference.    The modulus which appeared to be the -vean 

of both rarges normally was used in the stiffness calculations. 

Just as in the static tests, the constrained modulus of the soil 

was changing throughout the tests.   These changes were due to tue pres- 

sure acting on and saturation of the soil.    The modulus aijo was affected 

by wheu.er the soil was loading or unloading at the particular time In 

question.   Hgure t>3b contains a curve showing the change In the rela- 

tive stiffness of the structure versus the soli as Test 16 progressed. 

The modulus selected and used for most comparisons was calculated at 

the time of r.inimiai arching.    In Ulis manner, the stiffnessss compared 

should correspond fairly closely to the arching condition examined. 
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Table A-2 

Ran^e of Values of Constrained Modulus of Soil SoecL-iens Derived 
x"rcr. All Sourw-es, Prelir.inarj- Dynamic Tests 

Constrained Modulus 
Approx 
Water 

Content 
i 

Test                       Lab 

psi               Tests, psi 

SBLG               Consolidation 
Tests                     Tests 
psi                        psi 

21« .0 37.5                1875-2260 1700-20U0 2230 

2U0.0                     3380 636O 

25.0 37.5 157O-l£70 

75.0 1650-1700 

26.0 37.5                1920^175 1500 

50.0 3830 

75.0               1850-1920 1875 

100.0 15U5 

155.0                     2960 

2U0.0                #60-38140 

27.0 37.5                1500-2160 

75.0                     2320 

1910 

175.0 6150 

2U0.0                      UI46O 7U5O-7950 7020 

32.0 37.5                     10U0 

75.0                     I9l*0 

1U20 

2U0.0 I466O 
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Fig. A-2,    Water content-density relations  for buckshot clay 
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a. Form used for placement of test device 

b. Test device with Teflon cover, ready 
for lowering in prepared hole 

Fig. A-5. Placement of test device 
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b. Impact hammer in test position with 
instrumentation 

a. Cross section of impact hammer 

Fig. A-9. Impact hammer used for confined compression tests 
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Fig. A-10. Mold, confining chamber, and soil disk 
used in confined compression tests 
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Fig. A-ll. Typical oscilloscope records from confined 
compression tests 
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APPDDDC B 

DESICR OP SPfUMC-RDIC TEST DEVICE 

Itte fprlng*ring ftt d«vic« u««d in th« t«tt prognm d««erib«d 

in the Min t«xt la b«li«ved to be unique.    In order to usiet 

others with a tlallar design problea and to prevent repetition of 

»IfsllAr Biatakes, th« «tep-byatep d«v«lopMnt of thia device it 

outlined in thla appendix. 

1h« perfoimnc«. r«quir«a«nta of th« flexible Ust device poaad 

•ever«« probl«aa in th« development and deaign of a «tructural ne«- 

ber which could provide the prescribed elastic and deforaation 

characteriatlca.    Th« design of th« experiments dictated that the 

alte of the teat device r«aaln conatant for all tests.   Additional 

constraints were:    (1) range of apring constants, (2) overall aass 

of test device, (3) radial stiffness of teat device, (<*) lateral 

strength and stiffness of test device, (5) apace occupied by the 

elastic naaber, and (6) space requireaents for displacement and 

acceleration gages. 

Ifcble 3 of the aain text shows the range of spring constants 

desired:    Mft lb/in. to 8,9^0,000 lb/in.    These constants were 

selected baaed upon the stiffnesses of buckshot clay developed in 

th« prelisdnary teat program described in Appendix A.    The main pur- 

pose of this program was an investigation of structure stiffness on 
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•oil arching;  therefore, a large range of stiffnesses was desired. 

In addition to the stiffness requirements, sufficient displacement 

of the top of the device relative to the base was required to 

develop maximum arching at various depths of burial and surface 

pressure.   These displacement requirements were estimated using 

the results from Hendron's  (i1* 8) trapdoor experiments with the 

same buckshot clay at similar water contents. 

A number of approaches were considered in the initial attempts 

to design a suitable elastic structural member for the flexible 

device.    In this phase of the design and development a broad range 

of spring types was surveyed.    This survey is summarized in the 

rollowing paragraphs. 

The widely used helical coil spring was the first spring type 

studied extensively.    Structural configurations were evaluated for 

a single large helix, concentric large helices, and multiple small 

helix springs within the housing of the test device.    Calculations 

showed that all the configurations tried for this spring type could 

not provide the required spring constants and displacement range. 

In addition this spring type had no inherent lateral stiffness and 

required that other structural members in the test device provide 

lateral strength.    The design calculations using the helical spring 

were so discouraging that it was dropped from consideration early 

in the investigation. 
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Another general spring type considered was the spring column 

approach attempted by hbson (1965).    This approach utilized the dif- 

fering moduli of elasticity of selected materials such as steel, 

aluminum, plastic, etc., to fabricate cylinders which gave the 

desired spring constants.    This configuration provides structures 

with inherently high radial and lateral strength but is very limited 

in the range of physically realizable spring constants.    Calculations 

using this approach quickly showed that it would be unsuitable for 

any aspects of the planned experiments except for the extremely 

rigid devices. 

A closely related modification of Mason's approach was con- 

sidered.    Specially formulated plastics and grouts were studied 

and tested for use as spring cylinders.    This approach had some 

possibilities, but the close control of spring constants and de- 

flections required was not possible. 

Other configurations considered were Bellville springs, leaf 

springs, metal bellows, diaphragms, proving rings, and tapered 

disk springs as described by Brecht and Wahl,    The Bellville 

springs were eliminated from consideration when their inherently 

high hysteresis was discovered and also because of the limited dis- 

placement range obtainable with their use.    Leaf springs could be 

devised for the lower spring constants only and were laterally weak. 

Commercially available bellows suffered from the same limitations 
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as the leaf springs.    Diaphragms did not permit the attainment of 

the necessary displacement range. 

Tapered disk springs appeared to have good possibilities.   A 

wide range of spring constants was available within the physical 

size constraints of the test device.    The disk spring was inherently 

strong radially and was found to have fair lateral strength and 

stiffness.    Several scale drawings were made of the test device 

utilizing this type of spring design.    One of these designs could 

have been used for some of the desired spring constants.    The 

tapered disk spring approach was finally discarded because of the 

development of still another spring design concept which had been 

maturing during the study and evaluation of the spring types 

described above. 

The design approach which eventually lead to the adopted spring 

system is illustrated in Figure B-l.    Initially,  flattened proving 

rings were tried as the spring element  (Figure B-la), but this con- 

figuration severely limited the allowable displacement.    While the 

orxginal approach was not suitable, it lead to the idea of using a 

machined outer cylinder as shown in Figure B-lb.    This configuration 

had a number of structural advantages over any of the other spring 

designs considered.    First, the spring constant could be varied over 

a very wide range by selecting the machined dimensions of the indi- 

vidual spring elements.    Second, the spring element was inherently 
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rigid radially and fairly stiff laterally.    Third, the efficient 

use of space was superior to any other configurations considered. 

Fourth, it permitted a greater vertical displacement for a given 

spring stiffness than any other type of spring studied.    In addition, 

the multiple small slots made It much easier to fabricate a soil 

barrier around the wall of the test device. 

In attempting to extend the slotted cylinder design of 

Figure B-lb to provide greater vertical displacement, it became 

apparent that the machining difficulties would be severe for the 

low spring constant-high displacement spring cylinders.    Additional 

development effort resulted in the configuration shown in Figure B-lc. 

In this case, the spring cylinder was fabricated from spring rings 

with spacers bonded between them.    This concept made it possible 

to fabricate, from a relatively small number of spring rings and 

spacerr. a spring cylinder of almost any desired spring constant. 

Figure t;-2 shows some of the spring rings,  spacers, and assembled 

spring cylinders. 

Calculations based on nominal l/l6-inch-, l/8-inch-, and l/h- 

inch-thick spring rings, all 6 inches outside diameter and 5 inches 

inside diameter, showed that these dimensions would satisfy all the 

spring cylinder stiffness requirements shown in Table 3 of the main 

text,  except for the stiffest device.    In order to maintain a con- 

stant spring cylinder height, and allow for the space occupied by 
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the spacers» the final spring-ring thicknesses selected were 0.052 

inch, 0.115 inch, and 0.2U2 inch. 

In order to explain the method of fabricating a spring cylinder 

to a preselected spring constant, a brief review of the action of 

Multiple springs in series and parallel is included.   Each spring 

cylinder is made up of a stack of spring rings in series and the 

spring constant of the cylinder Is the spring constant of the in- 

dividual rings divided by the number of rings, where the spring 

rings are all uniform.    This can be expressed as, 

K ' — W T      n 

where 

K_ = spring constant of cylinder 

K   = spring constant of Individual springs 

n ■ number of springs 

or more generally: 

"r "i "a ■■ -t (2) 
"T  "1  "2       "n 

where 

K. = spring constant of ring 1 

Kg = spring constant of ring 2 

K = spring constant of ring n 

Within the spring cylinder each individual spring ring also acts 
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as a number of springs in parallel, the number being determined by 

the number of spacers. The spring constant of springs in parallel 

is given by the relation: 

Kp = 1^ + Kg + K3 + ... +Kn (3) 

where 

K = ring spring constant 

K, ■ segment spring constant 

K ■ segment spring constant 

The example of springs in parallel could be applied to the 

spring rings only in a very general way, for the addition of more 

spacers was not Just a summing of springs. When, for example, the 

number of spacers was increased from U to 5, then each spring ele- 

ment was shortened, with a corresponding increase in stiffness. Ihe 

resulting spring constant of the ring was therefore significantly 

greater than the ratio of 5 to U which would have been the case for 

summing springs of a constant K . Experimentally determined curves 

such as Figure B-3 were used for selecting the number of spacers to 

obtain a given spring constant. The  curves of this figure give the 

spring constant per ring and this value had to be divided by the 

number of active rings to obtain the spring constant for the cylinder 

as explained above. 

By the proper choice of spring-ring thickness, number of active 
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rings, and number of spacers, the desired spring constant was fabri- 

cated.    In all cases, it was desirable to utilize the largest number 

of active spring rings possible in order to achieve the largest 

allowable displacement without overstraining the spring rings. 

During fabrication, the spring rings and spacers were placed in a 

fixture which held the parts in place while the epoxy hardened.    The 

fixture consisted of three smooth, round posts screwed into a flat, 

(rround steel plate.    The three posts were perpendicular to the base 

plate and positioned so that a ö-inch-dlameter cylinder would fit 

snugly between them.    The spring rings were placed in the assembly 

fixture one at a time and spacers, coated on both sides with epoxy, 

were positioned on each spring ring.    The angular position of the 

spacers at each level of assembly was determined with a paper tem- 

plate.    The epoxy adhesive used to bond the copper spacers to the 

steel spring rings vas made by mixing three parts by volume of 

Epon 828 (Shell Oil Co.) with one part by volume of Versamid 

(Du Pont).    The spacers were stamped from sheet copper to the desired 

sizes, I/32 by l/8 by l/2 inch to go with the l/l6-inch rings and 

l/l6 by l/h by l/2 inch to go with the I/8- and l/k-inch rings 

(Figure B-2). 

Determination of the spring constant of the assembled spring 

cylinder was made by applying a known force and measuring the result- 

ing deflection.    This testing was performed in the apparatus shown 

522 



In Figure B-U. In this —chine a hydraulic cylinder was used to 

apply the load and, depending on the test, either a proving ring or 

a load cell was used to measure the load. Mechanical dial gages 

and the displacement transducers within the test device were used 

to monitor the deflection resulting from the load. A typical 

calibration curve derived from these measurements is shown in 

Figure 13 in the main text. 
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Fig. B-U. Test device calibration apparatu, 

527 



Aprerron c 

OSCILLOGRAPH RECORDS FROM THE  DYNAMIC TESTS 

This appendix contains photographic reproductions of many of 

the oscillograph records  from the dynamic test program.    These fig- 

ures are referred to frequently throughout the main text of the 

report.    These records should be of particular value to both investi- 

rators and designers  in the field of dynamic design. 

With the exception of Figure C-l,  the records were produced by 

gages installed in the soil or on the test device.    Figure C-l is a 

typical record from the tests used to determine the frequency and 

damping properties of the test devices.    Figures C-2 through C-75 

were produced during Tejts 11 through 28.    Figures C-76 through C-87 

originated from the preliminary test program. 

Normally the first 10 to 20 msec were the most important part 

of the records.    After this time, the records showed considerable 

disturbance.    Therefore only the first 50 msec of the records are 

shown in continuous  form.    The 100-msec and final portions, approxi- 

mately after 1 sec unless specified otherwise, also have been in- 

cluded to show the instrument recovery after the surface pressure had 

decreased. 

The zero timing line during the main test program was produced 

by using the explosive cap to break a wire placed in the bonnet.    In 
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preliminary Tests A and B, a time of arrival (TOA) gage was placed on 

the soil surface and compared with the zero time produced by the 

wire technique.    The initiation of the TOA gage lagged the wire 

break by less than 0.5 msec and corresponded very closely with the 

initiation of the Norwood pressure gages in the bonnet, Figures C-76, 

C-77, and C-78.    The wire break normally preceded the initiation of 

the bonnet pressure gages by less than 0.5 msec, Figures C-80, C-83, 

and C-86.    In some of the records, especially those from any type 

of strain gage, excursions can be seen at zero time.    Exploratory 

tests showed that these disturbances were caused by the E. M. F. 

generated in the explosion.    The pressure gages in the bonnet ap- 

peared to initiate at the same time as those placed on the soil 

surface. Figure C-3. 

The format preceding each record identifies the instrumenta- 

tion channel, the level of the top of the gage measured with 

reference to the test chamber base, the radial distance from the 

centerline of the chamber, the radial angle measured clockwise from 

north,  and the final level of the top of the gage.    In addition, 

the calibration for each channel is shown In the last column.    As 

the records have been reduced considerably from their original 

size, a reference scale is shown on each record.    A reference 

trace also has been placed on each record. 

The channel number in the first column identifies the type of 

529 



measurement being made; S or SE identifies soil pressure; PN, PS, 

PE, or Bf identifies the bonnet pressure in the north, south, east, 

or west quadrant; X or ACC signifies an acceleration measurement; 

D designates deflection; c is a strain measurement; IP designates 

pressure measurement inside the test device; and F is a measure- 

ment of force on the top of the test device produced by a strain 

gage-bridge arrangement. 

When possible, distorted traces have been labeled. Question- 

able traces also have been labeled. 

Timing lines have been placed at the bottom of each record. 

In addition, important timing lines measured with reference to 

zero time have been placed on many of the records. 
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