
i c r

- 

/ 
A D—AQ7O 526 DEFENSE NUCLEAR AGENC Y WASHINGTON DC FIG 19/1

MISERS BLUFF. PRELIMINARY RESULTS REPORT. VOLUME I. PHASE I.(U)
,JAN 79 R S D€RAAO

UNCLASSIF IED DNA—POfi—6 980—VOL—l DOE—Wt—6980—VOL—t Pt 

Li.. 
_ _

_

_ __ _ _flu 
_ _ _  _‘ Ut! _ U_IU!11t 1P!. UUfl

NUN
__

_ fl
• _ _  

1



I liii 10 ~ 2 8  —
_____ 

__ 

I25
L. 1315 I2.2

— —
2•0IL~’.’ ~~~~

• 
110125 iiid~~~~~~~~~~

_ _ _  IIiII~~ ~~~

NATIONAL BUREAU oc STAI~~~ OS
~caocop, ~CICLU1ION TEst E H T

—~~~~~~~~~~~~~



Q~LEVEL~POR 6980

MISERS BLU FF

~~ 
Preliminary Results Report

~~ Volume I—Phase I

~~~ Commander , Fi e l d  Co m m a n d

Defense Nuclear Agency
Kirtland Air Force Base, NM 87115

22 January 1979

Final Project Officers Report

APPROVED FOR PUBLIC RELEASETJ
DISTRIBUTION UNLIMITED.~~~ J

~~~~ C)

D D C
[~ 1?f~ 1FJflflf ~fl •1

B
Prepared for

Director
DEFENSE NUCLEAR AGENCY

• Washington, D. C. 20305

_____________________________________ - --. - . - - - - , -
~
-
~~~~~~~~.~ 

—, - - .— .

4 ~~~; 
,
~~~ ‘~~~~~~

w, -~~-~ ;- 
- -

~~ 
—
‘L ~~~..d_i: - 

• -~~- --~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TIJ



______________ -- .-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~- — •
~~

-

______ - —

I

I

, p
Destroy this report when it is no l onger
needed. Do not return to sender.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,
ATTN : TISI, WASHINGTON , D.C. 20305, IF
YOUR ADDRESS IS INCORRECT , IF YOU WISH TO
BE DELETED FROM THE DISTRIBUTION LIST , OR
IF THE ADDRESSEE IS NO L3NGER EMPLOYED BY
YOUR ORGANIZATION .

(

O
ç

l~~

L ________
., . , ,‘- 

~

. 

,*

_
‘

~~~~ 
.

~~~~~~~~~ 

•- -:- • 
- 

-



~~
“

UNCLASSIF IED
SL C U R I T ’ , C L A ’ ~~~F, C A T ~ N .~~F 1415 P A l  II~~~

REPORT DOCUMENTATION PAGE fl1:l. ( RM
/ ,

~ 
I R U P O R I  N~JMUL&-—— - - -,p - - ‘

~~ 
G O V T  A I C I  SSIO N NO R U C I P I F N T S C A T A L O G  N U M O E R

J~’ )~ POR--698~.-(WT ~98O) v’ .~~ ij ~j 
___________ _______________________

&~ J .& X L ~ W1AL ~N4 LLUIL~ .~~~~Y YP L  Q~y ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ MISERS BLUFF ~~~~~~~~~~~~
- --

~ ‘~, 7
’ 

Fina l ,Project officers
Pre l imi na ry Res u lts Report . - 

Repirt~Vol ume I Phase r 
• ~~~~

_—- --f - ~ l~~~~MIN G ORG.  RL PUR ~ NLJ M RER

AU NLN 1 C O N T R A L T  ~R G R A N T  N U M 8 E R ~ ’

j( Robert G f DeRaad/ Capta in USAF 
/ I , 

—

~ P [ 4 1 L~~i~~ N 4 • A ~ . : A ’ ’  N I~~
, . A~~. A L ,  I~~’ P P . ’ ’ ,~~~A M  I~~~~E~~~ 1 i ’ R O J E C T  T A ~~~

Commander , Field Coriinand ~~~~ A A * ~~~~~ NUM~~ê44~~

Defense Nuclea r Agency (J~~ 
/ i  /

Ki rtland A ir Force Base , NM 87115

~~~~~~r ; ~: 
‘
~~~

. ‘ ~ A~~~ ~“ ,~~~ 
- ‘ _______ _____

D ir ecto r // 22 Jan~~~~-i~79Defense Nuclea r Agency ‘~~~~NUMRF 4 ,
~

Washingto n , D.C. 20305 164 
______

~~~~~~~ 
•~~~~ ••  ~~~. •~~ ~~~~~~~~~~~~~~ ‘ - 0 ’ C L A S S

UNCLASSIFIED
C C CL A ’L, I1 : A r i c N  f l L W N , RA ~~~IN~~,
S C H h O U L E

IA 015 • ‘ I  ‘ . . 4 ~~~E v 1 N T  - - I ’ ’ ’

Approved for public release; distribution unlimited

‘~~~~~ 1 Ill A .~~~, 1 .5

I A  , ,~~~~~~~~~~~~~ • A 9

: ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
MISERS BLUFF Ejecta
Grou nd Mot i on Cloud  For ma ti on

\ Airbi a st High Explosives
• - “ Crater ing Multiple Burst

- - -

This report describes the pr eliminar y results obta i ned from Pha~e I
of the MISERS BLUFF Field Test Program . P hase I co ns i sted of a se ri es o f
eight high explosive tests conducted on the wh it e Sands Missile Range ,
New M~~ico in 1977. The primary purpose of these events was to develop a
multiple burst ground motion data base. Inc l ied in  this report are a de-
scr i t . i n  of the experimental pl an for each test and typical ground motion ,
air Hi s~ and cratering results for each test. 
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SECTION 1

I N T R O D U C T I O N

MISERS BLUFF was a Defense Nuclear Agency (DNA) sponsored series of high

ex plosive (HE) tests designed to investigate multiple burst induced ground motion

phenomena in support of Missi le-X (M-X) Weapon System bas ing mode option studies .

The MISERS BLUFF test program consisted of two phases. Phase I was con-

ducte d at the White Sands Missile Range (WSMR), New Mex ico and consisted of a

series of eight high explosive (TNT) events with both single and mu ltibur st charges.

Phase II was con du cte d at Pla net Ranch , Ar izona and consisted of one single burst

and one mu ltiburst ammonium nitrate and fuel oil (ANFO) high explosive event.

Each cha rge of the Phase II tests contained 120 tons (109,000 kg) of ANFO.

T he MISERS BLUFF Program was develo ped s pec ifi call y to address the prob lems
of multiburst weapon effects phenomena which are critical to the M-X concept. In

particular , a multiburst ground shock data base was required to validate and update

predictive model techniques. ‘
~ith this objective in mind , Phase I was designed to

develop a relatively large initial data input from a series of small charge tests

[generall y 454 kg (1000 pounds) ] i n a va ri ety of single and multiburst

conf igurat ions.

Table 1.1 shows the -USERS BLUFF Phase I test program.

• Table 1.1. -USERS BLUFF Phase I test program.

Spacing
No. of Charge Weight Charge Between Charges

Event Cha~~ys .(~~LJ1PL ~~~~~~~~~~~ ~~~~~~IfQ
MOI - 1 1 454 1000 Half -Buried 2 August 1977

ML31 -~ 1 454 1000 Surface Tangent 15 August 1977

1 454 1000 Half-Buried 23 August 1977
4

6 454 1000 Surface Tangent 21.3 70 7 September 1977
MUi -5 1 454 1000 Tangent Below 22 September 1977

M131-6 6 454 1000 Half-Buried 36.6 120 13 October 1977

MDI -7 1 116 256 Half-Buried 26 October 1977

-U3I- 8 24 ~54 lOuD Surface Tangent 21.3 70 7 December 1977

• , 

~-~UI = MISERS BLUFF Pha se I - — -•~~~—-~ ~~~~~~~~~~~~~~~~ , - - .~~~~~~—
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1.1 BACKGROUND

The M-X weapon system , cur ren t l y un der development  by the U.S. Air Force ,

derives its survivabilit y from a combination of system hardening and proliferation

as conce ived in the multiple aim point (MAP) basing concept. The MAP concept in-

vo lves  t he gene ra ti on of ma ny har dene d m i ss i le la unch s i tes onl y a portion of which

actually contain missiles. The missiles will be covertl y moved from site to site

i n a random ma nn er , therefore , each site is an equally appropriate target for enemy

attack. System survivability is attained by deploy ing more launch points than the

enemy could attack one-on-one. The launch points are assumed to be grouped as

closel y as possible in order to minimize the real estate necessary for the deploy-

ment of the system.

Survivability and design of the enemy ’ s reentry vehicles place certain

constraints on the incoming attack. It is reasonable to consider the possibility

of a large number of near simultaneous bursts on launch points adjacent to unat-

tacked facilities. A key facility design question is , “May the launch facilities

be designed to survive the airb last and ground shock el fects of a single weapon

attack and does the nature of a multiple burst attack lead to a substantiall y hare

severe design environment?” This question has given rise to the need to investi-

gate multiple burst effects phenomena and consequentl y the MISERS BLUFF test

program.

1.1.1 Sing le Burst Events

The s ing le burst events of MISERS BLUFF Phase I provided the  basel ine data

• for use in evaluation of a superposition principle in p r ud i c ting the  ground shock

effects of the mult iburst experiments. Addi t iona l l y, they provided an o ppor tun i t y
to evaluate the current emp irical procedures for predicting the ground shock and

crater/ejecta effects generated by high explosive (HE) charges.

1.1. 2 Mult iburst  Events

The MAP basing concept for the proposed M-X weapon systeil derives its

survivability by creating more targets than can be attacked one-on-one. An esti-

mate of the deployment pattqrn for the M-X system places neighboring aim points at,

nominall y, one mile from a “ba seline ” threat. For many geologic conditions, this

ranq~ is in the “transition ” or “plateau ” region for ground-motion Ihcnoi’l ena . Ii

this reijiun there is little at . t -n u i t . ion of ground motion with range, so that peak

amplitudes of motion are insensitive to distance from the source. Preliminary

10
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estimates of t h e  effect of iii u ltibur st phenomenon , assuming the superposition prin c i-
ple to be valid , indicate tha t unattacked elements of the system are subjected to a
greater ground motion environment than that which results for a single burst at the
designed miss distance. An evalu ation of the superposition assumption , by the Data
Anal y sis Working Group (DAWG) using the limited available data , indicates that

superposition of g round mot i ons f rom a single burst i s not a s a t i s f a c t o ry est imate
of iiiultiburst effects . In  gen eral , in the interi or of the charge array and to
considerable depths , superposition underestimated the period of oscillatory ground

motion and either under- or overestimated the peak amplitudes.

1.1.3 Site Locat ion

The te st bed for Pha se I of MIS ER S BLUFF was locate d a t t he Queen 15 s i te
on the White Sands Missile Range (WSMR), New Mexico , approximately 1220 meters east

of the Pee-DICE THROW (POT) II te st bed (Figure 1.1) . The locations of the various

ground zero~~ are shown in F i qure 1.2.

The tineeri P site was chosen for the Phase I experiments because the

geology was wel l characterized and documented durinq the Pre-DICE THROW work and

because the si te was re adil y avail a ble in response to an earl y test execution

schedule.

1.1.4 Si t -  Geology

The t e s t  s i t e  is charac ter ized by D . 1  meters of brown silt y clay overlying

d s O f t , gray cla y th at extends to i depth of 5 to 6 meters. Relow this l ies a
fin e—t o—coar- e sil t’, -~ind , w i t h  grav e l , that extends to the 11 to 12 met e r depth.
A ltern ati nl t layers of clay, sand , and silt lie below the sand to a depth of 131

meters. he qroundw a t t -r t a b le i~ about 2. 1 to •, .4 meter - beliiw- , the ground surface.

Seismic Pr j~~ r ti es - The to the close - rox iui ity of the MISERS BLUFF s it e
to the PD~ site no sei smiC survey m s  conduct ed. Therefore , the seismic properties

wer e cons ide red to be th e so me as those at the Dl site.

- -~ sinic te-; t~ performed fOr the P[)T eve n ts included cross hole , up hole ,

and surface refr action. P-wave and S-wave velocit y profiles interpreted from the

result s of these test s a r- shown in Figur es 1.3 and 1. 4. Detailed information is

I

11
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G EO P H Y S I C A L  G E O P H Y S I C A L
BOR ING 1 BORING 20.0— —

354* mps346 nips

1656 mps
6.1 0— ____ ________  

—

1700* mps
2068 mps

12.20 — —

*VELOC IT I ES
1745 mp s DETERMINED

FROM SURFACE— _________________ — REFRACTION

~5OO ups SEISMIC TESTS
~ 18.30— 

____ _____ 

—
I- —
0~uJ

1888 mps

24.40— —

1700 fl1~~S

30.50— —

2252 mp s
‘C

1795 mps —

~~~ ND

X SEISMI C SOURCE

0 GEOPHO~~ LOCATION

Figure 1 .3. P-wave ve loc i , profile i rI ~~r?ri -c ~ted from cross hole ,
up hole and surfa~ie refraC ‘ion seismic di t a .
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Fi gure 1 .4. S-wave veloc i ty profile interpreted from cross
hole seismic data .

•

15

.- -

~~~~~

- :~~t.T”~:;~- , :,;
__ __( a_____ J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -- -‘- - — --



- . - - - ------ -----------~~~-- ----— - —

avai lable , howev er , for the Pre-D ICE THROW test area nearby , and has been p u b l i s h e d
- ‘ by Ja c kson , et a l . ,  1 ,2

These profi les indicate numerous seismic reversals; however , the changes
in velocity are not large. These high velocity l ayers probably represent zones of

increased cementation of greater percentages of gravel (and , therefore , h i gher
dens ities). Neither of these conditions are typically uniform in the horizontal

direction , therefore , the simpl ified profile shown in Figure 1.5 was used for pre—

diction and pre liminary analysis purposes.

Material Properties. The material properties for MISERS BLUFF were also

assumed to be the same as those determined for PDT . The material property tests

run for POT were: (1) routine classification and index tests , (2) water content ,

(3) specific gravity , (4) density , (5) undrained stat ic and dynamic uniaxia l strain

and i sotro pi c compress ion , and (6) static and dynamic triaxi al shear tests. In

addition , two Cyl indrical In-Situ Tests (CIST 15 and 16) were conducted at the POT

site . These data are presented in the Air Force Weapons Labora tory (AFWL) Techni-

cal Report (TR) 76-209 dated February l~ 77 and AFWL -TR-78-25l

Du ring the MISERS BLUFF Program water content measurements were made for

the near surface soils and are included in the description. This was done since

seasona l var iations in ra i n f a l l  and weather conditions may lea d to changes i n nea r

surface cond itions which could be important to near surface ground motion data .

1.2 OBJECTIVES

The objectives of the single burst experiments were to:

MBI-1 Provi de half -burie d single burst data baseline for multiburst waveform

synthes i s.

MBI-2 Prov ide surface tangent single burst data baseline for mu ltiburst waveform

synthesis; identify depth-of-burst phenomena differences in oscillatory

‘ Jackson , A. F., Jr., Ballar d , R. F., Jr ., and Curro , J. R., Jr. ; Material Prop-
erty Invest igation for the Pre-DICE THROW I and II: Results from the Subsurface
Explorat ion Programs ,’ U.S. Army Eng i nee r Waterways Ex per i ment Stat i on , CE ,
Vicks burg , MS. June 1976.

Jackso n , A. E., Jr., and Peterson , R. W .; “Material Property Invest igation for
Pre-DICE THROW I and II: Results from the Laboratory Test Programs ,” U.S. A rmy
Engineer Waterways Experiment Station , CE , V icksburg , MS, November 1976.
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0.0
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W .  = 20 - 30
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C 1 = 336 mps

= 153 mps

3.05  — —
WET CLAY :

= 30 - 45
-
~ 

= 1.92 g/c m 3

C
~ 

= 1678 mps

C 5 = l83 mps

6 .10 — 

WET SAND :

W~- = 45 - 20
= 1.92 g/cm 1

C~ = 2013 mps

C5 = 2 O 9 mps

Figure 1.5.  Simplif ied seismic prof i le of MISERS BLUFF
Phase I test bed .
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ground motion region; provide data for scal ing comparisons wi th  Pre- DICE
THROW 100 ton event.

MBI-3 Repeat of MEl-i to obtain data on reproducibility and emphasize definitions

of motions in the plateau region.

MBI-5 Ident ify depth-of -burst (full y buried ) phenomena differences in oscillatory

ground motion region.

MBI-7 Provide data on scaling between 2 .09 GJ and 53. 5 GJ (1 ton = 4.184E+09~~J).

The objectives of the niultiburst experiments were to:

MBI-4 Provide data for waveform synthesis model , comparisons w i th  MBI-2 data ,
and identification of height -of-burst phenomena differences in niul tiburst

conf igurations.

MB I- 6 Provide data for waveform synthesis model and comparisons with MBI-1 data .

MBI-8 Resolve importance of an outer ring of cha rges and their effect on a cen-

tra l charge array ; provide data for assessing reproducibilit y and symmetry

(configuration contained seven identical 6-charge arrays).

1.3 PLANNING SCHEDULE

The MISERS BLUFF Phase I Pla nning Schedule is shown in Figure 1.6.

I
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SECTION 2

EXPERIMENTS

2.1 GROUND MOTION AND AIRBLAST

The experiments for ground motion and airb last were conducted by the U.S.

Army Engineer Waterways Experiment Station (WES), V icksburg , Mississippi and are

desc ribed in detail by Murre ll .3

Ground shock transducers cons isted primarily of accelerometers , w i th a
l im i ted number of particle velocity and soil stress gages . In addition , a i r b l a s t
measurements were made i n su pport of the ground motion prog ram on each of t he e i ght
events.

2.1.1 Gages

The principa l motion sensors used on MISERS BLUFF were the Endevco Corpora-

tion Models 2262 and 2264 accelerometers , i n ra nges of 25 to 20,000 g.  These gages
are small , l i ghtwe igh t , sens itive and have natura l frequencies of 2,500 to 100,000

Hz, depen di ng on gage range.  The i r effec t i ve f re quency res ponses ra nge from 750 Hz
for the 25 g unit to 20,000 Hz for the 20,000 g models; all accelerometers respond

to sta tic acceleration (zero frequency).

The primary velocity gage used was the latest commercial version of the

Sandia Corporation Model DX. This gage consists of a highl y ove rdamped pendulum
and a var iable reluctance pickup which senses the pendulum position. The displace-

ment of the pendulum is proportional to the gage veloc i ty over a relatively broad

ban d of f reque nc i es wh i ch de pends on dam p ing . Ty pi cal bandw i dths  were on the or der
of one Hz to several hundred Hz. The Bell and Howell integrating velocity gage

was used in limited application.

WES develo ped the diaphragm gages used as stress gages. The gage consists

of two sta inless steel housings, each conta ining a stiff integra l diaphragm . Two

matched semico nductor strain gages are bonded to each diaph ragm. The half—bridges

from each dia phragm are electricall y completed to form a full (four-arm) Wheatstone

bridge circuit.

3Murrel l, Donald W. , “WES Miscellaneous Pa per ,” W-78—4 , June 1978.
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WES use d sem i conductor a i rbi ast gages , Kulite Model HKS- 375 for pressure

above 2.1 MPa (300 psi) and Kulite Model XTS-1-19O for pressures of 2.1 MPa (300

psi) and below .

2.1.2 Gage Canisters and Placement

Mos t free field motion gages were installed in aluminum canisters . Three

bas i c ty pes we re used , the “micro ,’ ‘ mini ,” and “regula r” can isters , so na med fo r

their relative physical size. The “micro and ‘mini ’ can isters were designed to

make biaxial measurements of accelerat i on , an d we re too sma l l  to hol d veloc i ty gages.
T he regu lar ” can ister held a biaxial array of both veloc i ty gages and accelerom-

eters. At depths of 10 feet and deeper where gages were not recovered , accele rom-

eters were placed in epoxy canisters. In these , the accelerometers were mounted on

an aluminum stud , wi th the entire assembly encased in an epoxy .

Both motion and stress gages were inserted in 8-inch diameter boreholes

using 1-1/4-inch square aluminum tubing for insertion . An integra l threaded fitting

on the mo tion gage canisters allowed attachment and release of the placement tubing .

Except for Event 8, a gripping tool with the same threaded fitting was used to place

stress gage plugs (in which stress gages had been cast with the same grout used to

backfill the gage holes). For Event 8, the stress gages were pressed into position

in  the in-situ soil at the bottom of the borehole using the “paddle ” emplacement
technique.

2.1.3 Grouting

Motion gage canisters were fixed in place with a hard , quick —setting grout

designated “Quick-set ” . As soon as the grout had set , the p lace men t rod was remove d

an d the borehole  f i l l e d w i th a d i f fe rent  grou t , designed to more closely match the

soil properties and designated ‘m ix E—2 (E) . All holes containing a shallow (0.5

meter depth) canister , were topped out with hind-taniped local topsoil in lieu of

grout.

2.1.4 Recording System

Data were recorded on 32-track CM magnetic tape recorders. The models

used were the Sangamo Sabre IV and 4700. These provided 30 da ta channels each with

a single track allotted each to zet o time (detonation pulse ) arid to Interrange

Instrumentation Group (IRIG) timing signals.

I
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2 .1.5 Data Process i ng

All data were reduced to digita l forma t on the WES hi gh-s peed analog-to-

d igita l converter and then processed through the WES digita l computer. Processing

included baseline correction , filtering , integration routines , and generation of a

plot tape . Typical data are presented in the appropriate event section of this

repo rt.

Digital filtering routines were app lied as necessary to reduce backg i-ound

noise on the data . Filters were generally of the low-pass type. These are listed ,

for example, as “F2 low-pass iddO Hz ’ which indicates an upper frequency response

down 5 percent at 1900 Hz.

In order to produce adequate int. eLi rations over t h e  relatively long proces-

sing times of one second (two seconds for Event 5), baseline corrections were Lte!-

erall y applied to the neasur e rt ie nts .

2.2 CRAT ER/LJECTA

These experiments were cond ucte d by t h i~ i iv  c-rsi ty of t~ew Mexico Civil

Eng i neering Resea rc h Facility (CERI ) for tde A i r  Force Weapons Laboratory ( A F W L ) .

CERF mea sur ed the cr1i t a r s  and debris pa rame t c r  S 1 a r a l l  events - Four
radial lines were surveyed fo r eac n cra tee to dete ’m ine t re pd t - nrieters ta r  each

apparent crater . Figure 2.1 sh~w~ a c ros s  s e c t i o n  ot a t-z p ic~tl crater. Permanent

d i s p lace men ts we re measur -d by e o n -  o f  d i c p l  Oi e~~e n t  p ii’s and sa r ~d cal umns ejec ta

area l densit ies were measured en lat p la t e s  debris en II1lnce et i t  data was ol lec 1e d
by using p i t s , pa i ls and  si :iulat ed ve rtic l str uc t~ res in the debri s flow field and

the wind ve loc i ty  and dir 1~ t ion was recorded a t  the t i l e  of each de~ona t - r .  The
experimenta l layouts for co~ h c -vent are oi yen in l a te r  sec t i o t i s .

Apparent crater volum es rci000 between t .  9d m 
- to  °L-t 2 m ’ on this experi-

mental program . The cra~ er da ta ~‘~t ~he pretest predict ions are summarized in
Table 2.1. Predicted cra ter V i- S varied f rom abou t 31 per~ent be low the actual
measured data for the tangent he low .p er i i- .ent to a b o u t  4d e t c e n  t above the mea-

sured va lues t i c  the 53.5 LI hal f— h c ied e - v e r i r - c i - t .  Bot i he halt —buried 2.09 Gd
experiments were predicted to ~~~~~~~ ii  t O r i  rot less tha n to actua l ei sured
va lues. The probabi l it r  t i l t t h i s  v a r i a t i o n  is rat e t~~c I Lj l  ci t  tH. errut expec t ed ,
when current sta te -o f - t he -a ,  cro t~~ cv ]  I r e  ~~i O ~~~ i ion procedu -es tee a pp1 ied , is

exce l len t .  Examina t ion  0 1  t he i r e ’ CI and Ileo s ia ) l i i  and t r u t h s  . h ever ,

• indica tes tha t there is s ys ti- It  ic t - c  id in t I S - t i  irs 0.  I s -  c i  nt t O )  icti on

‘ ‘.
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Da Apparent crate r de p t h
0al  Hei ght of the lip crest
Hal Height of the l ip above the ground surface
Ra Apparent crater radius
Ral  Radius to the crater lip c rest
Re Radius of continuous ejecta
SGZ Surface ground zero

Fi gure 2.1 . Cross sectio n of a crater.
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procedure . In al l  cases the radius was overpred icted and the depth underpredicted .
These errors  i n crater volume will be propaga ted direct ly into the compa r i son of

the cra ter re la ted motion and the predict ion based on cra tee vol ow es.

For the ha l f—bur ied and tangent —below conf I qura ti ons , the displacements
were s ign i f i can t ly greater than predicted .

For the surface-tangent confi guration the actua l and predicted c r a t e r

volumes were c lose.

hue to the  n a t u r e  of  the soi 1 and mois ture content at this test sit t- , the

ma terial tended to l ump to Ilet her and to be depo sited in rather la rile na use s over
the ejec ta fie ld. In s ime cases one or more of these lumps landed on a debris

co l lec to r , thus , s i - i n i f i c a n t l y i l icr eas i l l I l  that  co l l ec to r ’ s areal dens i ty , whi le
• conver sely such lumps were deposi ted just  inches away f r oir a co l l ec to r  and i t s

a rea I density was re 1 at I vol v 1 1w .  This e f f e c t contr i  bu ted to the wide range of
e rih anc ei.ien t (higher than a vi’ruge ) va 1 iu~ ’s . Wi th the 1 imi ted number of inca Sure I :Ients

the e f fec t i veness  of  these s t i uc  tures and p i ts as enhancement i ndic~t tors is
oh t u ‘10 a t el .

2.3 1 LfHN ICAL PHOI o~;kAi H~

Th e technic a l  photography inst rumenta t ion was the  respons ib i l i t y  ot the
Denver i~estut iS h I ns t i t u t e  (DR I ) . W SMR provided equ i pinen t a rid npower to su pport

techn iL t I lhoto l i ra l lhy  requ i rements u n d e r  d i r e c t i o n  o f  DRI  . i roun d level technica l
l h c i t o u 4 ra~ n v  was suppi led by t he DRI/WSMR team whereas , ae rial technical photographic

o ve ra ll- or the t hre& ’ mu t i burst events was provided by subcontract  t row DR I to t St

.~i 11 l d n ’s c i n  ~
‘kir . rjt t Company . The photo i i ia i ih ic  and photoelec ti -i c i nstru m entation

~l irtsiS teii of high—s pt ’ed cOn ieras which ranged in t r am in q ra tes front 6 to 21 ,000

rai’ i~ ~ 1- 07 5e~ o n )  ( r -  - , ) a nd eight photome tri o dcv ices with r i  se times on the order

of 1 i icrosei end (us) .  The photometric devices ’ sen s ing elements were S i l icone
solar l t ’ l l s .

The technical motion photography effort WdS designed to provide a detailed

record of the detonat ion sequence to inc lude the f i reba l l  growth and interact ion
(multiple burst events) , the -1hoc k wave developments, separations and interactions ,

and the cloud deve lopment and interact ion. Each of these phenomenon required
specialized cdniera and framing rate applications. The photometric devices were

included in this ef fort  in an attempt to inonito ,- first light breakout t roni the

charge sur face s such tha t a gua nt i ta t i ve  measure of charge detonation simultane ity
• could be made for a l l  m u lt ihurst events.
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t~~ci ,t of the cameras for the single- and niul tiburst events were located in

the main camera bunker south of the test bed area at distances which ranged front

approximatel y 153 to 427 iHeters (500 to 1 ,400 feet). Two remote camera stations

Ilocated 1829 to 2438 m eters (6,000 to 8,000 feet) from SG7 and at approximately a

1.57 radians (90~ ) anq le t m - o s  e a c h  othe r l  were used t i  photograph the cloud develop-
went tor each event. The multi p le events were also photographically and photomne tt i-

cally covered f ront three au x ili a ry stations for Events -; and h and from five

aux i l i a r y  loca t io ns  f o r  Event  St .

The photoelectric i i s t r o i - e n t a t i o n  cons is ted  o f :  (1)  si~ unit l ight radia-
t ion (ULR) dev i c e s , (2) one ULR dev ice p rev ious ly  used by DRI liii other events , a n d

(3)  one tota l 1 1 t h t  rad ia t ion (TLR) device also used by [JRI on other even ts .  The

TLR unit was riot focused on a sing le  p o i n t , ather the in i t  sensed the ii - e s t n t e d
light ri-i Ia t ion t rots all the c h a t - ~’’s in the -uu l tiple a r a  ~s . ii eig ht  l lhnt I r t r i  C

signals from t h e se  d e v i c e s  wet - recorded on four dua l—bea i  o s c i l l o sc uve -  lOCa te ) l f l

a manned bunker which was s i tuated appro .L u ; a t e l y  213 ti ~~ ro t o rS  (700 to 1 , 0 0

t o t ) from S i - ’ .

I
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S E C T I O N  3

MISERS BLUFF EVENT MBI - 1

3.1 DE~CR1P TI0N

The fir st event of MI SERS BLUFF Phase I wa s condu cted on 2 ~ugust 1977 a t
the White San.)~ Missile Range. This event used a 454-kg (1 ,000-pound) cast TNT ,

hal f—bu ried s pli t - re to prov ide single -burst basel inc data for mmm u l ti burst waveforn m
synthesis model development.

3. 2 GROU~ 2 I- lOT ION AND A IR BLAS T EXP ERIMEN T S

3.2.1 ~f l iL l E ’ L a y o u t

Ground shock ins t ru i i ie mit t t io n covered range s of 4.57 to 73.2 meters (15 to
40 feet) I romm m SGZ and depths of 0. ‘4 to 12. 2 ae t e -s (0.67 to 40 feet). Gages were

installed princi pall y alon g a single radian [designated the 0 radian (0°) radial]

wi th  supple lre nt om - y mmm easur e me nt s m ade at 1.57 , 3.14 a n t  4 .71 radians (90 , 180° , and
270°). Figure 3.1 presents ici th a plan view and ~ross section of t h e  gage  a r r a y .

3.2.2 In stru ii;e ntati on

I tie hundred gayes were ins t m 1 1 ed 7-i act. e 1 c rc nsete rs  , 18 vel oc I ty gages
5 soil s t r ess  gages , and 3 alt -blast gages. l,ible 3.1 is a l i s t ing  ci t each gage ,
de s i gnated I-~ an i r )  it i -a i ly a s si gned mea -~ur eil u t  Oils er .

3 .2.3  T yp ica l  Data k t -cu1 t ~
- a l  i t - i t io n  and recordo r  s tar t  s igna ls  front t i e  t im i i -g and f i r ing (T&F)

unit we r t - ; r  oper ly  ro o t - i  ved amid translat ed , and all equi p ent oper ated as planned
for Event t-t ]-;1— 1 .

da ta recovery was excel 1 o u t .  One ve r t  i r a]  a ce lerom iieter , nmeasurem iient
Nv . 1105 , yi e ld -St no usef u l  dat a ; mea -w re me nt N -  - 1103 had cons iderab le  background
noise and is of questionable i e ~u 1mmes s. Sever al others had su mma ll signals relative

to the cl a itir ~ition factor , or had signals t runc at 1 in tim mi e as cables failed , how-

eve r , all ot t h e  produced usefu l  da ta .

I
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Table 3.1. Ground motion and airblast measurement list for Event MBJ -l.

Radial Ran~~~ Depth Measurement Numbers 
-

Rad (Deg) ni jft) m Jft~~~~~~~~~~~~~~ dv UH S V SH AB

O (0) 4. 57 (15) 0.457 (1 .5)  1101 1102
O (0) 4 .5 7 (15) 0. 305 (1.0) 1103 1104
0 (0) 4. 5 7 (15) 9. 14 ( 30 ) 1105 1106

O (0) 9.14 (30) 0.204 (0.67) 1163 1164

0 (0) 9.14 (30) 0.305 (1.0) 1165 1166
O (0) 9.14 (30) 0.457 (1.5) 11 07 1108

4 0 (0) 9.14 (30) 1.52 (5)  1109 1110
0 (0) 9.14 (30) 3.05 (10) 1111 1112

O (0) 9.14 (30) 6.10 (20) 1113 1114

0 (0) 9.14 (30) 9.14 (30) 1115 1116

0 (0) 18.3 (60) 0.204 (0.67) 1167 1168

O (0) 18 .3 (60 ) 0. 305 (1.0) 1169 1170
0 (0) 18.3 (60) 0.457 (1.5) 11 17 1118

0 (0) 18.3 (60) 1.52 (5) 1201

0 (0) 18.3 (60) 3.05 (10) 1119 1120

0 (0) 27.4 (90) 0.457 (1.5) 1121 1122

0 (0) 27.4 (90)  1.52 ( 5 )  1202
O (0) 36.6 (120) 0.2(14 (0.67) 1171 1172

O (0) 36.6 (120) 0.305 (1.0)  1173 1174
0 (0) 36.6 (120) 0.457 (1.5) 1123 1124

0 (0) 36.6 (120) 1.52 (5) 1125 1126

0 (0) 36.6 (120) 3.05 (10) 11 2 / 1128

0 (0) 36.6 (120) 6.10 (20) 1129 1130

0 (0) 36.6 (120) 9.14 (30) 1)31 1132

0 (0) 36.6 (120) 12.2 (40) 1133 1134

0 (0) 45.7 (150) 0.457 (1 .5) 11 35 1136

0 (0) 73.2 (240) 0.457 (1.5) 1137 1 138

0 (0) 73.2 (241)) 1.52 (5) 1203

0 (0) 73.2 (240) 3 • Q5 ( 10) 1 139 1140

0 (0) 73.2 (24 c~ 6.10 (20) 1141 1142
0 (0) 73.2 (240 ) 12.2 (40) 1143 1144
0 (0) 109.7 (360 ) 0. 457 (1.5)  1145 1146
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Table 3.1. Ground motion and airb iast measurement list for Event MBI-1 (Continued).

R a d i a l Range  _~~~ ftep~~~_~~ Measuremm ient Numbers 
________

Rad (.DegJ m (ft ) m (ft) AV AH AT UV UH SV SR AB

1.57 (90) 9.14 (30) 0 (0) 1301

1.57 (90) 18.3 (60) 0 (0) 1302

1.57 (90) 36.6 (120) 0 (0) 1303

1.57 (90) 36.6 (120) 0.457 (1.5)  1147 1148
3.14 (180) 4.57 (15) 0.457 (1.5) 1707 1709

3.14 (180) 4.57 (15) 0.4’7 (1.5) 1708 1710

3.14 (180) 4.57 (15) 2.14 (8) 1719 1720

3.14 (ioo) d .1-l (30) 0.457 (1.5) 1701 1702

3.14 (180) 9.14 (30) 1.52 (5) 1721 1722

3.14 ( i ~- tu )  18.3 (60) 0 457 (1.5) 11-1 9 1150

3.14 (180) 18.3 ( h O )  0.-id! (1.5) 1711 1713

3.14 ( l oO )  18.3 (60) 0. 4 - 7  ( 1 .5 )  1712 171 St
3.14 ( l o S t )  18.3 (6 1 .5 (5)  1~d -~

3.14 (lou) 27.-i ( S t i l )  Q.-i- - ? (1.5) 1 15/

3.14 ( it-to ) 36J (12- ) ~~~~~~~
- I (

~ .s) 1151 1152

3.14 (iou) !t- .6 (120) O. 4~ 7 (1.5) 1158

3.1 -i (180) 11 6.6 (12 - )  0 . 4 5 ’  ( 1 - 5 )  11 15 1 7 17
3.14 (180) i~~r ( 11 0. 4 - ’ ( 1 . 5 )  1 71e 17 ) --

3.14 ( 1 - - u ) 36. t- (12 ) 1.~ 2 ( 5 )  205

3.14 (ISo) :le .6 (1 , .) .J5 ( 1 0 )

3.14 ( l t i )  36. 11 (1, 0. 15! ( 1.~~) 11

3.14 (180) 73.2 (2 - 1  -1 ’ -7 ( 1 .5 )  11s3 1 15-1
3.14 (180) 7i.2 (2-; ,~ 0 - 15 ( 1 . 5 )  i ll - I
3.14 (180) 73.2 (2:.~ ) 3.d~ ~1o) llhL
4.71 ( 2 7 0 )  36. 6 ( 1 L D )  0 - 157 ( j • 5  u S -  l i S t

/ iV  v t r t i c a l  A c c e l t - r m t i r
AR ~ori zont a l  i - c c e l t - i i i

AT Transverse -u. lt- r r ton
1 i er tic al V elocit y

OH o r izonta l 1 - loc i t
SV Ve ’-t ica l Stress
SR Horizontal St rt- ~s
AU A 4 O - I as t

I
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T yp ical time histories for the following gages are presented in Figure 3.2:

t ype of Instru m entation Radial Range Depth
- 

M e a s u r em en t 
- . Nus ~2~!m:~~~ - ~~ (De~j  m ~f t )  m

~er’- ica] Stress (~~v) 1201 0 (0) 18.3 (60) 1.52 (5)
. e r t i c a l Acce le , -at ion ( A l )  1117 0 (0) 18.3 (60) 0.457 (1 .5)

~~m - t i c a l  .e l o c i t v  (UV ) 1715 3.14 (180) 36.6 (120) 0.457 ( 1.5)
A i r b l a s t  (AU ) 1301 1.57 (90) 9.14 (30) 0 (0)

F i ’~urt 3.3 shows t i -  comparis on of r imeasured and predicted v e r t i c a l  veloc ity
‘111 1 ‘ u r n s  a t  the it . 3 met e u i i i j e  and at a 1t - t h of 0.457 imieter .

3.3 CRA t ER A Nt [JUd O EXPER I ’ I [ ’. t n

3 . 3 . 1  s r a t t - r  and E ie c t a Col lec tor L i ~ öiit

F c - i r  rad ia l  11 n t - . w ere uie veyed t a  d e t t - u - l ’ i l,- the par a m i meters for the apparent
ra t e r . F t - i- t ield area l dens i t v  a . , -  -wr e i i - n t s  1,- i - r i -  -r ide al uu i ; four t-a d iat s. Several

t , ; - .  s of J t - t ,
~~I S  c o l l e c t i o n  dev ices  ,- e - - is -i l . U I  Li re 3.-I - h~ w~ t t i  deN~iS sanmpl ing

arrj  l d . - i i  -

3.3 . 2  -- e ~ ., l t s

t he  a — . - i i -  .11 - pc i  t~? 1~ va lu es 1 r t nt-  C - . et  ~-‘Bi --1 crater a t ;

1 11 10 c c :  01 .3 rn ( 1- 1 4 t t ’ )

3.72 - - u - 5  (12.2 t o r t )

1 j 1 ’ ’ - low Sb’ : 2.2t - u - s  (7, -I - - t )

n 0 -’ j a1 L45 i . iel~ t r 1  I ’  - I d  - i l i i t i - i  t ~ie s. .1 r i t - , l im i t s i-,as 2.29 at- ter s (7.5
+ c- i t ) - i - j ure 3. ‘I is a - 01 t it c u t t e r  pr t i  los .  [ l ied) , t  ero l  091 Ca I cond i t i ons

n i t  i-u - - 1 r - - )  a t  ~t imn e of t h i s  -v - m i t  -

n e  + iel d a,~ - -~l 1 i t 1  ile,Isj - u t -  nts 1rent- :i_ ide a l v i n  four rad ia l s .  Aver —
d j I G a L e- , 0~ t~~-~ i -al d e n - i t  It- . f o r  l i t - s t  r ad ia ls  w i t h  t i l t  mmm a~ imim u nm and mini mii um~i
v - m l . i ’ - - . ~~~ - - i - i  h ra’ i . m e  s ti i a-,n in Fi :~tjre 3.6. thi - l i ne tf I ’ o , l h  the average value

p 1 m m  rt — ; - r e - - r e t  the p1 1- i t - c  C -v f i t  to ~t I ine r n t - u r e s s m l n  iu. o d t-l . the r i- la t ive l y
-
~~ ‘ - - t i  I - ‘ .- . the 01 1 11 1 i i  _ i :m . lmu u m valu e s is t t r i t u ! e - t  to e f t t - c t s  of the wind ,

t I l l  l a p  ‘ii ’ ’ -  of t a t-’ ecta field and the usui l nonunif or~; itv of debris d i s t ri bu —

1 - r i  ( i - . -

I
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F igure 3.6. Event MB I-1 , average free field areal density versus range.
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Figure 3. 7 s hows the average debris depth on the free f ie ld plates and in
the round pi ts wit h the scatter  for each vers u s ra nge , both debris depth and range

are normalized by the c ub e root of the a pp arent c rate r vol ume. T he c ur ves plot ted
on this ym-aph are the predictions for ni axiumu mn , median (dashed-line), and minimum

debris depth , given the actual MB I—1 apparent crater volum n e .

The four radia ls of per imianent displ acem iient data were averaged . Figure 3.8
- is a plot of the average vertical displacement with the scatter at each range shown.
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S E O T I O N  4

MISERS BLUF F L V L N I  M [II—2

4.1 DESCRIPTION

lie second event of MISERS BLUFF I’hase 1 was conduc ted on 15 August 1977

at t h e  White Sands Miss i le  Range. t his event used a 4 5 - I—kg (1 .000—pound ) cast  TNT ,

s u r f a c e - t angent sphere to i -Jer i t i f y the half —bur ied ve t sus thi- tangent sphere l enom it—
e no logic al  di I f e ren i - s  in ground shock at the outrunning ground m -ani t ’s .  (Outrun tm i ng
rami )es are thes e where the cra t i-n- induced ground not ions pi-ecede those induced by
overpressur e a I m’s lap 11

-1 .1. 1 Wa tee Content

Soil  moisture data were obtained fo r Event M B1 — 2 and are shown in Table 4 .1
and plot ted in Fi g u r e  4.1.

3 .2 bOOt INS MO f ION ANt ) A ! RBLA S EXPER I t-t L NT S

4.2.1 Gage Layout

Ground shock i nst rummmenta tion covered m -ang is of 3. °b to 42.7 meters (13 to

140 feet) from um SGZ and depths of 0.204 to 12.2 - : t - t t ’ r s  ( 0 .67  to 40 fee t ) .  Gages were
inst u l led princ i pall y a lo n i a s i nnic  tO i i i  [de si lin li ted the 0 r a d i a n  (0 ) i-adia l ]
wi th  s u p p  1 ~-i :i eui t cry iiI~ 1I ~LJ remen ts made at 1 . 57 , 3. 14 and -I - 71 m’ad i a ns (90 . i t O  and

270 ). Fi g u r e  3 . 2 presents both plan v iew  and cross sec t i on  of the gage arra y .

4 . 2 . 2  Instrumentat ion

Ninety -e ight gage- . were installed: 72 accelerometers . IS veloc ity gages,
5 soi l  stress gages , and 3 airb la st gages. Table 4.2 is a l i s t ing  ol each gage ,

deno ted by an a i-b I tra ril y ass igned mm iea su remimen t nunmber.

4 .2 .3  T yp ica l  Da ta Records

Cal ib m- a t ion and recorder s tar t  s igna ls  fromm i the t i i : i  i i i  and f i r  i mig (T~ F

unit were p roper l y  rei. c i ved  and t r~tm i s l a t e d . A l l  e q u i u i t - n t  opera ted as planned foi-
Event MB I-2.

[lat i m - ecovem ’y l o t S  e - c  el lent .  Iwo t c c e l t - r o n i - t i t - s produced data of quest ion-
able qua l i t y . Mt- t I ,ure me nt II) . 2105 show ed a pecu l j a r  u - o r i on _ c at sh oc k a r r i va l  . and

i 1Lt .irurem mient No. 2116 W t ~, to .t- t WI I i i  CII ii: background noi s t  which could n u t  he
f 11 tered out. Cr v’em imd i ndt i of t Oe gu t ’s pm- odIn 1 -1  good d m  Ut .
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Table 4.1. Water content test record .

Depth 
_______ 

_ 
—____ 

Moisture Content 
____

— 
mu f t  -_ 10 Aug 77 12 Au1 77 1 3 A t ~~~~7 15 Aug 77

O - 0.0305 0 - 0.1 10.5

0 - 0.0366 0 - 0.12 19.O w

O - 0 .0488  0 - 0.16 14.9

O - 0. 152 0 - 0.5 11.1

0.305 - 0.152 0.1 - 0 .5 8.4
0.0366 - 0. 152 0.12 - 0.5 6.7

0 .O4 Ots - 0 .152 0.16 - 0.5 7.9
0.305 - 0.457 1 - 1.5 15. 2 13.2 13.2 14.3

0.6 1 0  - 0.762 2 - 2.5 15.4 14.8

0.914 - 1.06 7 3 - 3.5 19.9 18.5
1 . 2 2  - 1.37 4 - 4.5 21.0 20.6

(1) 366 cm (0.12 ft) upper l ayer wet due to morning rain.
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Figure 4 .1. Mois ture content  data for M131 — 2.

1~
0 - \_- — - --

M A W  * &  IL 14- 0* :  MflW nr,-, S?) Ic’ 4 - A Z AL . ,1P 0 1 2 W - .’ ”  ‘Otfl’ C )

510 - 4 -0 5~ ?~ 6’) 00 00 I) - C ~0 00 ~~~‘ ?1 ~~ Id

izi /!/T
S 4~~~~ 22 TYP ’~ AL A

~~~ € ~~ M 0T(S 
T0 .504-

T O J - 5QX I
PIll I~~~

GS0I3 ’IO LINt 
TO J-~~~Z

__________ ~
- 5 -I14- 0 6 2  

-
~ 

z
0- 4 2 

-

- - 2-7

~~

043 0 -- 

~~~~~~~~ ~~‘‘‘
- — _  —- — ~

Figure 4.2. Gage layout for MISERS BLUFF Eve nt MBI-2.
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Ta b le 4.2. Ground mm i otion and airblast m measuremmment list for Event MBI-2.

- 
R a d i a l  

- - 
kan~ e 

- - S € j u t h  Measurenient Numbers 
________

Rad (Deg) m (ftL ( 1  A AH AT UV UH SV SH AB

0 (0) 3.96 (13) 0.457 (1.5) 2101 2102

0 (0) 3.96 (13) 3.05 (10) 2103 2104

0 (0) 3.96 (13) 9.14 (30) 2105 2106

0 (0) 7.62 (25) 0.457 ( 1 . 0) 2107 2108

0 (0) 7.62 (25) 1.52 ( 5) 2109 2 110

0 (0) 7.bS (25) 3.05 (10) 2111 2112

O (0) 7.62 (25)  t: .I0 (20) 2113 2114
0 ( 0) 7 .62 (25)  9 .14 (30) 2115 2116

0 (0)  10.7 (35) 0.204 (0 . t . / )  21o 3 2164
0 (0) 10.7 (35) 0.305 (1 .0 )  21 €- S 2166
O (0) 10.7 (35) 0.457 (1.5) 2117 2110

0 (0) 10.7 (35) 1.52 (5)  2201
0 (0) 10.7 (35)  3.05 (10) 211 2120
0 (0) 10.3 (60) 0. 4o 7 (1 .5 )  2121 2 12 :
0 (0) 10.3 (60) 1.52 (5)  2202
0 (0) 21.3 (70) 0.2 04 (0 .67)  2167 2 16 t-~
0 (0) 21.3 (70) 0.305 (1.0) 21t i 2170

0 (0) 21.3 (70) 0.457 (1.5) 2123 2124

0 (0) 21. .3 (70) 1.~ 2 ( 5 ) 2125 2126
• 0 ~0) 21.3 (70) 3.05 (10 ) 2127 2 128

0 (0) 21.3 (70) 6.10 (20) 2129 2130

0 (0) 21.3 (70) 9.14 (30) 2 131 2132
O (0) 2 1.3 (70) 12 .2  (4u )  2133 2 1c4
0 (0) 24.4  (80) 0. 457 (1 .5 ) 2135 2136
0 (0) 42. 7 (140) 0.204 (0 .67)  2171 2172
O ( 0) 42.7 (140) 0.305 (1.0) 2173 2174

0 (0) 42 .7  (140) 0 .4 S 7 (1 .5 )  5 [ t 7  2 13 t-t
O ( 0) --12.7 (140) 1. 52 (5) 2203

O (0) 42.7 (140) 3.05 (17’) 2139 2140
0 (0) 42.7 (140) 6.1 (20) 2141 2142

O (0) 42.7 (1 .1 - ) 12.2 ( H  2 1 1 113 2144
0 (0 ) 64.0 (210) 0 .457 ( 1 .s )  2140 2146
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Table 4.2. Ground notion and aim-blast mm m easure mn ent list for Event >111. 1-2 (r em i t luci d).

_ _ _~~~~ _l_ _  n~~ - Sept C 
- - - — — — — 

Measureu i~ent Nuisl ers 
— — — —

Rad (Deg~ n~ (~ft~ mu ç ft) AV A~ MT tIV Oh NV S~i AU

1.57 (90) 21.3 (70) 11 .457 (1. 5) 2 147 2 14s
3.14 (180) 3.96 (13) 0.457 (1. 5) 1701 2709

3.14 (180) 3.96 (13) 0.457 (1.5) 2708 2710

3.14 (180) 3.96 (13) 2.44 (8) 2719 2720

3.14 (180) 7.e2 (25)  0 .457 (1. 5) 2701 2702
3.14 (180) 7 . ti2 (25) 1.52 ( 5) 2721 272 2

( 3.14 (180) 10.7 (35)  0.45 7 (1.5) 214d 2150

3.14 (180) 10.7 (35) 0 .457 (1 .5 )  2711 2 713
3.14 (180) 10.7 (35) 0 .457 (1 .5 )  2712 2714
3.14 ( 180) 10.7 (35 )  1.52 (5) 2204
3.14 (180) 18.3 (60) 0.457 (1.5) 2157

3.14 (180) 21.3 (70) 0.457 (1.5) 2151 2152

3.14 (180) 21.3 (70) 0.457 (1.5) 2158

3.14 (180) 21.3 (70) 0 .457 (1 .5 )  2715 2717
3.14 ( 180) 21.3 (70) 0 .457 (1.5) 2716 2718
3.14 (180) 21.3 (70) 1.52 (5) 2205

3.14 (180) 24.4 (80) 0. 457 (1.5)  2160
3 . 14 ( i s o )  42. 7 (140) 0.457 (1.5) 2153 2154

3.14 (180) 42.7 (140) 0.457 (1.5) 2161

4.71 (270) 7.62 (25) 0 (0) 2301

4.71 (270) 10.7 (35) 0 (0) 2302

4.71 (270) 21.3 (70) 0 (0) 2303

4.71 (270) 21.3 (70) 0.457 (1.5) 2155 2156

NOTES :

AV Ver t ica l  Accele rat i on
AH Horizonta l Acceleration
AT T ransverse Accele rat i on
UV Vert ical Velocity
UFI Horizonta l Veloc i ty
SV Ver t ica l Stress
SH Horizontal Stress
A B Airb last
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T y p i c a l  t i m e  h is to m-ies of the tiull owing gages ar-c in Figure 4.3.

T y p e  t Instrum entation Radial R~~rmg e 
- - 

l Ie j it h 
-

1-t eas u i - : - -~~t - 
N1nlber 

- 
Rad ~~~~ mu ( f t ~ mu ( t t )

‘-er tical S t u i - .S ( s i) 2202 0 (0) 18.3 (60) 1.52 (5)

‘ i r tical A~ce 1era tion (AV ) 2121 0 (0) 10 .3 ~6O) 0.45 (1.5)

,ort i~~il .~-l ocity (UV) 2715 3.14 (180) 21 .3 (70) 0.45 (1.5)

A i r ’ h l t - - t LAB)  2301 4.71 (270) 7.62 (25) 0 (0)

F i i u m -e 4 . 4 s Co w- t O e conmp c r i son of meas ured ar id 1.- red cted ‘ em ~ values of
a i rb i  as t  ~ri diai  m l  v e l oc i t y  liii sever -al u e a , i m i m e  depths.

4.3 c R411 R AN. - L J L C T A  X P E R I - 1 t  N T S

-1 . 3. 1 Cm -a ten and F iec ta Col 1 ci t I n  Layout

Foum - m - ail ia l 1 i m i t - s  1-Je t -  surveyed Iii determmi i ne the p d m - t i ’ i e t m r s  f i r  tOt-

m t - m m  - m i t  c ra ter . I i e ~
- t i,- ld  a m - i a ]  dm mi - 1 it y  i’ ie t~~um - eiro mit s n t u e  mitade along fou u

u - , t d i a l s .  Fl Im ure - ‘ .5 s f - v s  t O t- ie L ’ m - i~ - . mI- l - l l u l l am - - i ,  l ayou t .

4.3.2 Re su lt -~

Tile a . u u . t g e  app a m t - r i t  va Les  ¶ 1 )  I C t -  E -.-t nt ‘- 1 - 1—2 i m a  t i i  c m ~~- :

mm: 1 (330 t t t )

Ri dius: 2.u i : : io t i - r r  (8. -i feet)

So; Ii m - l i ’ w -  SGZ: 1 .4,: m e l t , ,  
~~~~~~~ 

feet)

i’ . t o  liU Ui’i - l i  I C  rI cor l id  t le n q t fur sun - ,-t ,- l ines w a S  1 .4 , vue ters  (4 .7 feet).

Fi g iar’ t_- ~~~.t -  is a plot 1 ’ I  t ru e i m u - l i v i d u a l  r.t~~t - m ’ i- m i les. The w i n d  speed at the

t i l t of t ’ut t e s T  1-ad S 16.1 ku h (10 mmmp n) I m i u : ~ abo~ t 4 .T- 0 t -a :i ans (27Y) as m di —

L i t , -  I ori I i lure 4.5.

l i i i -  ie l~ area ] it t - i  t y  ll m , I sum ’ t - ’  - I ’ ’ - ~~t i u -  r i a i j t ’ - t l ~ - m i . t  ~~~~ m— a iI ia l  s.
4,, ra p- val u es o f  I m lt -  croa l 4 - m m - i t ,  f~~~

l - radi i ] s ~- m t h  t O -  ‘ i a x i ~ i : i m I u -  and minim num iu
va] 1 1 5  ‘ or - - i  ii t ’ I t i ’~ a r t -  hii wm t i n  F ) u l , t ’ .7 ,  ~~

i- - line I O rou ’ l ’ u  th t - average value
pom ’ t ’ - - m e -  m e - . , - m i t ,  the p~-w- r - r  L r ~~ r f i t  ~~~ a 1 ln, - .tr m t - q u i - 5 S i o n  1011 , 1 . T O m  relativel y

wi  Ic si i rea i l  l.t Iw , , m l t he n l m t m i ’ l L s n — a v i l l n .  val ut~ is a t t r i bu ted  to eftei 15 of the

wind , the I ari py  na t a t  r 0 t o -  m- - , s f im ’ l d  , c m i i the usua l n i y s  0 ul -nun i ferm i  Iv

in t h e  i r - i m i S  LII S t i  that inn .

.e v em cl t y p e s  i t  col  lot t i m  dev ices  w t m - c ascii f i -  obta in  debr is enhance—
i - o t t ‘ m  ‘ - u ~ s , m t m s m -  The ; ‘ m — u i - a m - n- m- m u t ien onil m i i  col i t t  t flt - ,ft~~ i c e s  were 5—ga l l on  paint

I
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~~
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0

0 0 0 FREE FIELD PLATE
s 1 “0 
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~ ROUND PITS

‘17 ,‘(
~~~$ ~ 8’ SQUAR E PIT

A* ~~~~~~ 0 Il SQUARE PIT
S 12 SQUARE P I T

TO GZ I 
~~~~~~~ WES PRIMARY GUAGE LI NE ~ H-BEAr-I

“ 109° 22 ]] E~O H-BEAM W/ O PEN PIT

• CONCRETE SLAB
00-

~’
- \-“A 

~~9’ 
4-
~~Y. 

• INCLINED PIT

0
0

~
’ 

~~~~ ~~ SANDBOX 14/PLATES

o ~~ 
~~~~~~~ 

~~~~~ — DUST CLOUD COLLECTOR
00 

/ A SAND CONE
0 ~~~ t::’ 

~~~ - DISPLACEMENT PIN LINE
~ 0

~~~~~~
0 0 0 20

• a
WIND SCALE

0 ]O mph 0 
f t

0 

Qo BENSON t fBOX P 0

F igure 4.5. Debris collector layout for Event MBI -2.
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buckets Set m m the ground (round pi ts). Various sized square boxes were a l so  u sed
as pits. Vertical steel plates and concrete slabs were used as aboveground

structures, The survivability of soi :e of these collectors was poor due to high

overpressures.

Figure 4 .4 shows the average debt - is  depth of the free field plates and

the round pi ts w i th  scatter for each ,range ; both debris depth and range have been

nortuialized by the cube roo t of the apparent crater volum ime . The curves plotted on
this graph are the predictions for uii ax im uu - u , median (dashed—l m e), and mn in imu iu ri u

debris depth given the actual MUI- ~ apparent crater volum ue .

The fou r  radi al s of pet- ulauu i am it ground d is o ] ace ment  were measured. Figure
4•9 is a plot of the average vertical displac -i ent with scatter at each range

shown .
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S ECTION 5

MI SE R S  BLUFF EVENT M~ 1-3

5.1 DESCRIP IION

The th ird event of i-USE KS BLUFF hasc- I ~~t - ~ I o u m J u c t e d  on 23 Augus t 1977
at the White Sands Missi le — 1 t u l i i o .  l o is C - nt  used a -l u a4 —k ~ (l ,it4O— ~mc imr id ) d l .t

TNT , half—buried ‘- 1 - t i t ~t ’ t s i -  h a , — t i  vt -nt l-1 BI —l . I a t  iii luded a l i - r e  f u l l y  i m m n t r u —
r e n t e d  “ U l a t e t u ” m - tn i i omi , i .e . .  t~~~t -  i n u i - t ’ - P i ~~t , - d i s t a u m i e rI u llOri w f i t t t -  i~ ,t i . I .I l Ut -;

ot  gm - eu m md - - m u t ion , t r e  11 tt l e  a~ t o m i a e t - i  a - - I  I ll ra nq m- ,

5.1 .1 1~ m t i - n ’ Conto rt

S o i l  ‘~~~~~~
- ‘ . t i a t a  ~, ‘ i t  i t l - l t i r ~t 1  for E 4 - - - - u m t  j”- I — H  d m 111 are 5f li~~, i t t  T at t le

5.1 and it - ,- p lo t  I i - I  i i  F i- 1 5. 1 -

5 .2  GR 0U~ ‘-~ : - , A ’ . 4- IRUL A ST L a HER ‘-0 -
‘

2.1 O t - : r  L .t - -

- ‘i m t  j r . - r t ion cc v t - m ’ed ! a l O 1~’S . ~~~~~ L - T  - - , - - r -  - ( 1

‘5(; f o o t  ‘a 5 1 /  a n I  i - ~- I s  i f  U.  157  I~ i t - ‘t- rs I _ 5  t o  20 ~ ) Ga -

worm- i m i - - t t l l o ~ p rin c i pa ] 1-~ al o ’ -~ a i 1 1 1 t ’  ‘ i - t i m )  , lt- i ; u . ~~t~~-O t f i t -  0 r m d ia l ) wi ’h

su ppl eu -n f t  rj - -  
~~- t  I t ~0 l 0 t ’ s “ 1  i t 1 - a7 , . - aru l a - 71 r i d  i~u u~ 

— - - ‘ a 1 $1) -i 270 ° )  -

F l u  a m - m- 5. 2 - I S bo t f  a plan v I I ’ . a d  - i ii ~ s Se _ ‘ i O u  - ‘ i a - ut -  d r , . -

5.2.2 Imi - - ra - o n t , t I  Ito

Si - t v — s i \  i l l - I t ’  I. m u - - t i l t - , ~~ 1 ~c - l ,- ’ i o - -  s ,  11) 1.-ICC i’ -

5 soil st m -esS -u. t - ~es , t i - u  3 a m t - i - l a s t  q . t - u t - s  - T a t  i r a ~o 2 m s .~ 1 i s u ’ - It • 
- 1 i : a - u o .

deno t m- i I  Lv a n a rt t i t r a r i i - j a - .s m- ’ i - - I -- t a - a r  -- - - i  
~i ,  t o .

5 .2 .3  T y p i c a l  Da u , t i -S-co , - i -

C a l i i m — t t  nun a n - ’ recorder s ’ mr t  ,i~ n t l ~ ‘ tH Ha ‘
~~~ . i u j t  is l a

received a - i  I r . t u i - l ~~t t ’ d , u - i  i l l  t m , - i p i  - - o f . n~- e r t t - - j  - is ; - l  u n ,  I ‘ .ur  I i  I - -  I - H .

D a f t  u ,  iv - j s  - y  1 l i - ti ’ - fl’il~ o -  n C L c ] - r u i - - r  ‘O , -- u - I  u ’  - ‘ - ‘

31 -r- , f a i l e d  to i m n i l j c t  1 g u t )  i t  - - i - m t  t.

I 
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T ,ttmle 5.1 . E v e n t  MBI-3 water  content test recor-d .

Dept Fm

m ( f t  ) “ai s t a r e

2? ,\aui 77 0 - 0 . 152 (0 - 0.5) 9.6

0.305 - 0. 457 ( 1 ,0 - 1 .5 )  14 .2
0.610 - 0 . 762 (2 .0 - 2 .5 )  1-1 .-)
0.91-1 -- 1. 067 (3.0 - 3 . 5)  1° .3
1.22 - 1 , 37 (4.0 - -1 .5 ) 22 .0

23 Aug 77 0 - 0 . 152 (0 - ) .5)  7.8
0 .305 - )L -157 ( 1.0 - 1.5) 13.7

0.610 - 0 . 762 (2 .0  - 2.5) 1-1 ,7

0. 114 — 1, 00 7 (3 . 0  — 3 . 5 )  19.0
1.22 - 1. 37 (-1 .0 - -1 .5 ) 20. 1

~Ic t I  i- I i K i  L mO -i I i-i N F ( 4 - )
• ‘i :- -

-
— -

• 
I.

- 

~-=
i-4 re 5 . 1. Eve nt  ‘- ‘- P 1 — 3  moist  L O t ’ con ten t  data.
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Table 5.2, Ground motion and airblast mmmeasuremmmen t list for Event MB I-3.

- 
Radial  Ran~~~ Depth 

- - _____M e a s u r

~

iment

~

N

~~~~~

s

~~~~~~~~

_
Rad (Deg) m mmm JI~I -~~~~~~~ PiF

~L ±L P~~~~ ~~~L ~~~~~~~~~

0 (0) 4. 5 7 (15) 0.457 (1.5) 3101 3102

0 (0) 9.14 (30) 0.457 (1.5) 3103 3104

0 (0) 9.14 (30) 0.457 (1.5) 3701 3702

0 (0) 9.14 (30) 1.52 (5) 3105 3106

O (0) 9.14 (30) 6.10 (20) 3135 3136

0 (0) 18.3 (60) 0.457 (1.5) 3107 3108

0 (0) 18.3 (60) 0.457 (1.5) 3711 3713

O (0) 18.3 (60) 0.457 (1.5) 3712 3714

0 (0) 18.3 (60) 1.52 (5) 3201

O (0) 22.9 (75) 0.457 (1.5) 3141 3142

0 (0) 27.4 (90) 0 .457 (1 .5 )  3109 3110
O (0) 27.4 (90) 1.52 (5) 3202

0 (0) 32 ,0 (105 ) 0 .457 (1 .5)  3143 3144
0 (0) 36.6 (120) 0.457 ( 1.5) 3111 3112
0 (0) 36.6 (120) 0,457 (1.5) 3715 3717

0 (0) 36.6 (120) 0.457 (1.5) 3716 3718

O (0) 36.6 (120) 1.52 (5) 3113 3114

O (0) 36.6 (120) 6,1 (20) 3137 3138

O (0) 41. 1 (135 ) 0.457 ( 1 .5)  3145 3146
0 (0) 45 .7 (150) 0.4 57 (1.5) 3115 3116

O (0) 59.4 (195) 0 .457 (1 .5)  3147 3148
O (0) 73,2 (240) 0.457 (1.5) 3117 3118

O (0) 73.2 (240) 1.52 (5)  3203
0 (0) 73.2 (24i)) 6.1 (20) 3139 3140

0 (0) 109.7 (360) 0.457 (1.5) 3119 3120

1.57 (90) 9.14 (30) 0 (0) 3301

1.57 (90) 18.3 (60) 0 (0) 3302

1.E7 (90) 36.6 (120) 0 (0) 3303

1.57 (90) 36,6 (120) 0.457 (1.5) 3121 3122

3.14 (180) 18.3 (60) 0.457 (1.5) 3123 3124

3.14 (180) 18.3 (60) 1.52 (5)  3204
3.14 (180 ) 27 .4  (90) 0 .457 ( 1.5)  3131
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Table 5.2. Ground notion and airb last mmieasure ment list for Event MB I-3 (Continued).

- 
Rad i~j_ _ fta_n~e_ _ _  Depth - — 

Measurement Nunmbers

Rad (Deg) m ~ f t ) rn ( f ~~ AV AH AT UV~~~~~~~~~~~~~~~~~~ AB

3.14 (180) 36.6 (120) 0.457 (1.5) 3125 3126

3.14 (180) 36.6 (120) 0.457 (1.5) 3132

3.14 (180) 36.6 (120) 1.52 (5) 3205

3.14 (180) 45.7 (150) 0.457 (1.5)  3133
3.14 (180) 73.2 (240) 0.457 (1.5) 3127 3128

3.14 (180) 73.2 (240) 0.457 (1.5) 3134

4 . 71 (270)  36.6 (120) 0 .457 (1 .5 )  3129 3130

NOTES :

AV Vertical Acceleration
AH Horizontal Acceleration
AT Transv erse Acce le rat i on
UV Vert i cal  Veloc ity
UH Hom -izont al Veloc i ty
SV Ve rtical Stress
SH Horizontal Stress
AB A i rb ias t

Typical ti mmi e his t ories for the toll owing - iaue ~ are resen t t I  in F i iu l re  5.3.

Ins trum imentat ion Radia l  
- 

-- ~m m u - p -  f l o j - t n

- 
Type of Mea suro iu:o nt 

- - - 

Nuiuiher Rad ~ De~~ iii 
-- - 

‘ 
~~ (A t

’

• V em .tica l Stress (s ~ ) 3202 0 (0) 27 . 4 (oo) 1.52 (5)

Vertical Acceleration (AV ) 3111 0 (0) 30. o (120) 0.457 (1.5)

Vertical Velocity (Uv) 3715 0 (0) 36.6 (120) 0.4o 7 ( 1.5 )

Airb last (AB) 3303 1.57 ( i i )  )h 6 (120) 0 (0)

Fig-ire 5.4 shows the com um p ar ison of measured and pr edict ed o\-4 C r l ressure and

imm m pu l se data far the half-buried configuration.

5.3 CRATER AND EJECTA EXPERIMENTS

5.3,1 Crater and Collec t ir Layout

Four radial lines were surveyed to dot u no the paramet .er-~ t i l t  tiu m - a u - L a n - u t

(rater(s). Free field area l density measurem ilents m u t e  made along f u - ’ radi a ls.

Severa l d i f f e r - i t  types ii debris collection devi nt-- ~ wi- nm- used i -  ‘ . f u i i - L m u  imi  Figurr 5.5.
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5.3.2 Resu l t s

The average apparent values for the Event MBI -3 crater(s) are :

Vo l ummme : 390 ii ’ ( 1378 ft 3 )

Radius: 3.47 mmmeters (11,4 feet)

Depth below SG Z: 2.47 weters (8,1 feet)

Maxim um urum depth recorded along the survey 1 i mi c-~ w ,m -~ 2 . 17 uu ueters (8 .1 f t ’it t ) .  —

Figure 5.6 is a plot of the individual cu - uter p ro f i l es .  The wind speed it  t O o

tim ite of the test was 14.5 km /h (9 mph) fro mi: a t - n ut  -1 .0 rad ians (2300) as i - -dicat ed

on Figure 5.5 , which  i s  t E ,~ bas i c  co l l ec to r  la you t.

Free field area l -i o-nsi ty m u ea sl m reu ’ iu-n a - S were made alo m miu tour rad ial s.

Average values of the area ] density for these tdia l s u - i  th too m d xl a l i t fl r j mui uui u i ’ i

values for each ranqe are shown in Fi gure 5 . 7 .  The ii uie t O r i - an n the ave r - m o e
value points represents t oe powen - curve fit t o a l inea m- regressi - i n model.  The
rel a t ive ly  mide spread between t i c  ia ifl i i-u i : —uuua s i : - u u 1 u i v i l  ut -s  is a t ri b u t -0 tn  ef f m -o t ~
of the -~ tnd , t ri o lumpy na i j m ~e of t in - ejectm field. aui d t o o  unua l r i , - - of ra in -

un i fo r m i t- a- in the det ’ m - i s  di~~tn ibuu t i o n .

Several types of collection di’ . i ces u - i -re used H a t t a i n  debris - - iau iCo-

u- - c o t  irm foni - ,t T . ion. 4 - t ie  pri -a ry t -r ha u ,ft ’u i t c o l l t uc t n r  i l t ’ v i - : o ’s - - i r e  5- -i ~j 1 len a - t i n t

buckets set in I It o - u r o uu l : (round pi N) . Square ta xes  us~-r c ’  a-i I no used as  p t s -

Vertical steel Hates and co nc -o t - - , t I -  - u- -n - ’ 1 j - -od a s  ab ovc - :~ound de~ u ’ s enhanc o- -
n m - rut  struc t a ro n .

F i garo 5.8 shou- , ‘ ic .- - r a a e  de t - r i s  d c ; I I ~ or  the ‘ree a- m lii p la t os am id

t rue round pits with scat H-r ’ f m a -  o m a n  t inge; hot - did oN d ; - n t i  ~m d  r u lm i l o - ive  Peen
normm m aliz ed by the cuhn r- - of t h e  i u ; a r ’ n  crst e’- .‘ol - uie . The - - rves p1o~~t - - d  on

this qi-aph are In~’ predic t i - m i s Ni ~~t S
— u  , no - t i m  (dtt s htn i—1 1001, d i i  l i i  - -a - deoris

- iou th g iven the actual  I-,: 1—3 d~~) - d ’~ . 1

The t o u r  rad ial o of pt - r oa r  ‘ -ru t -u rc m: m r o d u , f i l d ( ’ ’ i u f l i  ~~rQ om’ , us- , i t a-i t . Figure

5.9 is a plot of the av a - ‘- a - ic  o r t ~~o u u t a i  dNp1~~~ ’ i - - t u . t  w i t -  s o t u  t ’~ at c ac t i  r a n g e

shown .
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Tab le 6 .1 .  Event  MB I-4 water uon t e nt  t m a - a -, t  record .

D~pth 
-

~f t i  Moisture

6 Sep 77 0 - 0.04;::- (0 - 0 . i t - )  9.6
0, 1 52 (0 .5 )  11 . 1

0 .305 - 0.457 (1 - 1.5)  l2 , h
Oj u l O  - 0 .762 (2 - 2.5)  13.2
0. 9 14 - 1.07 (3 - 3 , 5 )  16.2
1.2 2 — 1.37 (4 — 4 .5 )  21.0

1 103 ~ l ’ R i  i i h a -  I t ~1J ( )

0 5 10 20
0 C — j

i m , 5

U

1.0 -

1.5 
-

F i ’ m u n a - -  ( . 2 .  ‘1- ist un t - - i -  u - i a -  a- a- - I O t S’a- i C l i t S  for F v i a -n t  1- 1 0 1 - 4 .

a 1 10

_ _ _ _ _  
a - .  -- —- -~~~~~~~~~ ~~~~~~~~~~~ • ~~~~~~~~~~~~ -
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Table 6 .2 .  Gr ou n d  mmmotio n and a i rb ias t  ume as ure m nent l is t  fur Event 1- 1111—4 .

— -  
i~t d i t i  

- 
O a - l r i y t a -  

- 
Dejut h 

- — 
Measu nm ’m ueu u t_ Numui hors 

_____

Rad l a - )t a - i J~ nm rum ( f t )  ‘\V AH AT ~~ UH h a -  SO AB

0 (0) 0 (0) 0.457 (1.5) 4137 4138 4 1 3 -J
0 (0) 0 (0) 0 .457 (1 . 5 ) 4120 -11 :’I 4 122
0 (0) 0 (0) 0. 4 5 7 (1 .5) 4 123 4124 4 125
0 (0) 0 (0) 1.52 (5)  4 126 4127
0 (0 )  U (0) 3.05 (10) 4128 -1129 1130

0 (0)  0 (0) 6.10 (20) -1 131 -1132

O (0) (1 (0) 6.10 (20) 4 4 u m 3  4- 4 p4

0 (0) 0 ( 0 )  ‘~~. 1— ; ( 30)  - 1133 4 134

O (0 )  0 (;i ) u~~~4 (30) -1405 4- 106
0 (0)  0 (0)  17.2 (- 10) 4135 4136
0 (0)  5 .33  1/ . 0 )  o, - ; - ,; (1.5) 4115 a - l I l t -i 4117
O (0 )  5 . 33 ( 1 7 . 5 )  1.52 (5 )  41 18 - 1119
o (0) 10.7 (35) 0, 407  (1 .5 )  -1101 4 102 - 1103
0 ( 0)  1 0 . 4 -  ( 3 5 )  1 .52  (5)  -r 1105

0 (0) 10./ (35 ) 1.52 (5 )  1-1 01 -1-1 -

0 (0 )  10. -‘ (35) 3.05 ( i n )  P I t  - i i m F  4 108

U (0 )  10. 7 (3 5 )  6.10 (20)  - 1 1 : 0  - 1 1 1 0

o (0) 1O ,~
’ (30) - -~, i-i (30)  -;i 11 - 1112

0 (0 )  10 .7 (3 n )  12.2 ( 10 )  -1113 - 11 1-1
( Q )  20- 7 ( 8 7 . 5 )  p~ 4 7  (1 .5 )  -114; 41-3

0 (0 )  32 .0  (105)  0. 157 ( 1 , 5 )  -1150 - 1 10 1

0 ( t o )  -1 . 1 (1 - l U)  0 .457 ( 1 . 5 )  1152 - 1153 - 1 1~~- a - i

U (U)  - ; a -
-
, 7 ( l a - I l l )  3 .05 (10)  - 1155 4 156 -1157

0 (0)  - .7 ( l Im ) 0 . In (20)  - 3 15 8 - 1159

0 (0 - 1 ,1 ( j - 1 i i
~ 9 . 1 - 1  (3 (m ) - i l f u l  - I l o l

o (U 1  .7 ( 1- 10) 12.2 ( 10 )  a - l i t -  4 16a

0 ,5 , -I (30 ) n . 3  ( 1 2 1 . 2 )  0. 157 ( 1 . 5 )  - 117 - 1 4 1 7 ,  -117n

- .5 , -I ( 30 1  3 - - a- (131 ) 0. 157 (0) -1 11

1.05 ( o - )  1 n3 ( t )  0, 107 ( 1 . 5 )  44 07 - 340 -

1.05 ( a - n )  1 ’ ; , 7 ¼ 35) Q, - 157 (1 ,5~ 1180 - 3 1  ~1 -t 102

1.2 a- ( ‘ - - I  1’~ .2  ( 1 - 3 . 1 )  (J, - ;57 ( 1 .5 )  -11 72 -3 173
• 1.57 ( a -  ) 11- 1 .5 (hi , t u ~ 0 . -3 57 ( 1 . 5 )  - 1170 - 1 171

71
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Table 6.2. Ground mmmotion and airbiast mmmeasurem tment list for Event M01-4 (Continued).

Radial 
- - Range Depth Measure ituent Nuimmbers

- 
imm 

- 
( ft )

1.57 (90) 36.9 (121.2) 0.457 (1.5) 4164 4165

1.57 (90) 39.9 (131) 0. 457 (1.n) 4310

1.05 (106) 19.2 (63.1) 0. 457 (1 .5)  4168 4169
2.09 (120) 10.7 (35) 0 .457 (1.5) 4177 4178 4179
2.34 (134) 19.2 (63.1) 0 (0) 4309
2 .48 (142)  18.7 (61.2) 0 (0) 4308

2.62 (150) 0.914 (3) 0 (0) 4301

2.62 (150 ) 5.33 (17.5) 0 (0) 430. ;

2 .62 (150) 10.7 (35)  0 (0) 4305

d .nd (150) 18.5 (60 .6)  0 (0) 4307

2.90 (166) 19.2 (63.1) 0 (0) 4306

3.14 (180) 5.33 (17.5) 0 (0) 4302

3.14 (180) 10.7 (35) 0 (0) 4304

3.67 (210) 36.9 (121.2) 0.457 (1.5) 4189 4190

3.67 (210) 39.9 (131) 0 (0) 4314

4 .19 (240) 10.7  (35)  0. 457 (1 .5 )  4183 41 04 4185
4.19 (240) 10.7 (35) 0.457 (1.5) 4719 4720

4, 43 (254) 19.2 (63.1) 0.457 (1.5) 4191 -1192

4.71 (270) 5.33 (17.5) 0.457 (1.5) 4166 4167

4.71 (270) 5.33 (17.5) 0.457 (1.5) 4721 4722

a 4.71 (270) 10.7 (35) 0,457 (1.5) 4 1 4 0 4141 4142

4 a - 7 i  (270) 10.7 (35) 1.52 (5) 4143 4144

4.71 (270) 10.7 (,i5) 1.52 ( 5 )  4409 4410

4.71 (270) 10.7 (35) 3.05 (10) 4145 4146 4147

4.71 (270) 18.5 (60.6) 0.157 (1.5) 4193 4194

4 . 7 1  (270) 36 .9 ( 1 2 1 . 2 )  0.~~57 ( 1 . 5 )  4200 4201

-1171 (270)  3 1 6  (130) 0 (0) 4313

4.99 (286) 19 .2 (63,1) 19.2 (63.1) 4 m b  4196

5.24 (300) 1 0 7  (35)  0. 457 (1.5) 4186 41 :- l i -11 (18

5 .76  (330) 10.7 (35) 0.457 (1.5) 4701 4702

~~~~~~ 
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Table 6.2. Ground imu otion and airb l ast m im easuremm ient list for Event MBI—4 (Continued).

Radial Range Depth Measu rement_Numbers

ad ~~~~~~~~~~ ~~~~~~~~~~ - -~~~~~~~~~ ~~~~~ -~~~~~~~ ~~~~~~~~ ~~~~~~~~~

5.76 (330) 36.9 (121.2) 0.457 (1.5) 4197 4198 4199

5.76 (330) 39.9 (131) 0.457 (1.5) 4312

NOTES :

A , 1ei - t i c al Acce lem -ation
40 ra -u j nizontal Acceleratio n
AT Transverse Ac ne 1 o rat ion
UV Vertical V e l o c i t y
OH u mo ni zonta l  1o loc i t y
S~-1 Vertical Stress
SH Hor izonta l  St ress
AB Ai r bla - mnt

Typ ica l  t it ime h i s t o r ie s  for the fo l l ow ing  gages are presented in Figure 6.4.

in- a- t t ’ ui: ;n ’ uu t~ ti on ‘lad ia - u i 
- 

i-Ianuu j e )O~)th 
-

it S uremm ment um u I u ad ( o €  
~ ~ 

n u ( f t  ~ iii 
— 

f t

,‘ e n t i c a l  O t n e a - -  ( S V ) 4403 0 ( 0 )  0 ( 0 )  6 .10  ( 2 0 )

V ertical Acceler at ion (AU ) 4131 0 (0) 0 (0) 6.10 (20)

,ou a- t j ca l Ve l oc i ta - (U’.-’) 4121 4.71 (270) 5.33 (17.5) 0.457 (1.5)

A i rblast (AB ) 4303 ~.62 (iso) 5.33 (17 .5) 0 (0)

Figure 6.5 shows t Im - co n imp anino ru of iuteasured and emimp i r ica l  pred icteui wav e-
fon ’i ;, of the vertical ve Ioci t~ between charges on t n m ’  b i n m a - c t o r .

6.3 CRATER 450 [ - 4 - E L TA L a - P L O  1 1-1151 S

6.3.1 Craten- and C o l i€-c t o r I a - i yout

Four nail i a - i l lines wore s u rv t ’ v m a -d  Fr i  each of the cr 1 tm- n s to deternmi rue the

paramm meters ton the a; - m u - nut c m - a to m , f ree f i e l d  areal density mue d sureurments wet-c

mt naik a l o ng t firm a - i ’ pn  nui m r-~ radial s and along a line between charges. Severa l

different t a -- ; ’es  of d a - - tu n is col lm-c ti uun u devices were used as shown in Figure 6.6.

a
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- a’
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Figure 6.6. Debris collector layout for [vent MBI -- l .
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n .3.2 Resu l ts  -

The average pertinent parameters for each crater are :

SGZ No. 1 SGZ No. 2 
- 

SGZ No. 3

inn ( f t )  mm ( f t )  m ( f t )

Appam-ent radius 2.29 (7.5) 2.47 (8.1) 2.35 (7.7)

App am-ent depth 1.16 (3.8) 1.34 (4.4) 1.28 (4.2)

t’t , m \ i m n u m m m  depth 1.19 (3.9) 1.40 (4.6) 1.28 (4.2)

Vo lum ume r’ .Sl n m (230 ft tm ) 8.51 mum~ (304 ft 3) 6.88 nu 3 (243 ft ’)

SG Z No , ~l SGZ No. 5 SGZ No, 6

m ( f t )  m l ( f t)  rn ( f t l  
- -

Apparent radius 2, 47 (8.1) 2.7- 1 (0 ,0) 2.19 ( 7 . 2 )
Ap pa ,- a- m t depth 1.37 (4.5) 1.52 (5 .0 )  1 .25 ( 4 . 1 )
Ma\ ilm lu mn depth 1 411 (-1.6) L52 (5 .0 )  1.28 (4 ,2)

V o luumue 7 . 82 mu a- (276 ft 3 )  10.4 in3 (367 ct i) 6.65 ri 3 (235 ft ’)

The differenc es in cm -ater sizes are att i-ibuted to s li t h t  variation in thc-

soi l  ujeo loqy at each u ; u -o:ani d ~em- o , F iq ures 6 . 7  through 6. 12 are p l o t s  of  the

i n d i v i dua l  m u - a - u tom ’ ;i rot ii es - The dim -cc ion of the wi ndspeed at I mc I irrme of tIui -

t t a - s t  wiju ra -a -spect tu height above the qround w a - i n variatile. It 190 — recorded a - m s

beinq less tha n 11 .3 pr- : h (7 im P) at a- a - v o n - i  hei i;ht. At the qround l eve l  i t  a - a - I S

3.2 kin/ h (2 m p h )  f rmni uu the d i r e c t i o n  of SGZ Ni~, - t nu- i a - mrd s SGZ Sri . I as i nd i ca ted  on
F i gure 6.0.

T h e aver a q e (ro a- field areal densi I versus rani je is shown in Fiqure t -  .13.

The debr is  d e p t h  versus m’a noe umo u ’u-: ~ l ized by the c ual ’ m - root of the appar t a- ni t ( - a - i t e m

vo l um e s for cra ters 1 , 3 and 5 -- n- a - shown in Fi gure 6. 14. F i i ; uau ’e n .15 shows the

a - m v e u a - w u n  pem—un a nent vo ’ - t i ca l  d ih t i l000 i : f t ’ r i t 5  ‘a-a - Pt ‘a - u S  ra - m u i S u  fot- t i u m a -  a- a - a -I u i ,t a- ‘raters.

1- a - a - v t - n a - a l  I - a- i a - a - s  of collection a-l ev i  :n :a- u -m a - i ’m’ used to i t - t m i n  dH it’ is enhancenuren t
i i i  hut - ui m l  Form - T Ire pr 1 ” : m u a - y  enhanc emi a -ui t col I ector do~ ices were 5— ma lion p d i rmt bu~ L e t s
set in the ‘trounud (round p i ts), b - F a re l - i ~~ t ’~~ la-a - u rn a l so  asc i i  as  pits. V o r t i c a l

a - t a - a -l pla It - - a- ,mnd to n - r m ’ t m ’  slabs a- - a- u ’ u se d as  a - ibOv a -a - ; u o :a - u~u 1 d m a - h a i s  enhance: -- a a - u ’ t
s t r u a - , t u r a ’ s .

_ _  - -
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S ECTION 7

E V E N T  MBI - 5

7.1 DESCRIPT RO4

Th is  a- ’ v a -~n mt  I- a - a - I S s a -,u n m a - I a - c t e d on 22 Sept t a - uu : I imu r  1 a-
~70 at the %hi te Sands Missile

R a n a - t e .  This ev a - a - r u t  used a 4h4 - kg (1 000-pound) cast  1ST , f u l l y  buried (surface

t a - h u la - a - r u t  ta- a- - l o w )  spht -nt ’ t o  Lllm ,O_ i the e f fec t  of dep th—of—bur ia l  and reduce ai r b l as t—
h u l a - I a - a -  a - I  qn’O J md - - i a’ i a - u n .

7 . 1  . I l’, a - m ta - - n 1, m n a - t e n m t

So i l mru o is tu n ’m a- da ta  - a-- m a - n I  obtained for Event MB I-5 and are shown in

Ta b le  7. 1 a - mu d are plotted in Fi r ma - r e 7.1 ,

7.2 G R a - m H i a - J  ‘- ‘- T I C ,  ASD A IRB LPa - S 1 L- \PER IMtN T~

7.?.l G a - m u ;e  Layout

a- instru ur e r u t a - i t i o n  c°ver ed ranm i l m - s of -~ 57 tm 7 3 ,2  me te rs  (15  to
- 10 f - a - ”)  ‘ - -

~ ‘Im la - ’ and a - Ia - p tt ms 1~~t I .- 57 t a - - 12.2  m eters  ( 1 .5  to 40 ~ua-e t). Gages

— ‘a--a - n a - a- f n s t a - u J J e d  principall y along a sin irl e radial [desi gnatm a - I t h e  0 radian (0°)

r i - H a l ] -,-, i t h  s u p p lm-o m a - r - a- o ma - v sea u a - r enn r eu ’ t - , tir ade at 1 .57 . 3 .1- T  a nd -~.7l radians

(~~O’ 180’-, and 270 .)

Fi a - l a - na - - 7 . 2  ra -tst a - nt - bot h a - i p lan v ia -a-a - -,- and cu - u - a- ss ~ec ) ion o~ t b ’  gage ar u ’ay.

7.2.2 i n a - t r .a - a- u : I m t i o r r

Seven t , e i’ ;h I  - e m - r e - - I- a-- O r e  i n s t a l led ; hO a cce lnni ui a -u a - - i tmu- s , h velocity gageS ,

C soil s a- a- ’
~ -s - r ages ,  and 7 a i rb las t  qa u; es . Tab le  7 .2  is a i i -  t ing of eaJu qaq e ,

denr o t a - - :  Ia- an u : i t ra n i l- a-- a s s i a - m r m e d  u TIca -a - u a - n ’ r u - r r m t .  mu ”  l e a ’.

7 .2.3 ~ypi cal Da ta Records

Oi l  ii t ion and r e u _ a - ’ r u l m u r  St art signals f r o u a -u  t l u t -  T i m i ng  and Firi nu r (Ta-a - F )

1, ‘a O r t a- ; a ’i i : & a - r l v  a- - Pe e l ved ,mrmd translated , and a l l  equ ii ’ a - -t a - ult operated as planned
f n  Ev ~-n t -‘ u 1 - 5 ,

: a t a  u i - s - mv - -ny  was good. Four acce l m- nu i ; ’ - t a - r s . a - O O a - i  r u t  Sos . 5103 , 51 04 ,

~1l 3 and 511 4 , a-;nne- d i i l i a - m re f l t l y  dam r~ ged at  shoc k a r r i va l  u -- I  yielded no u s e f m a l  dat a,

i n t ’ l a St : 1 , 1  sjna - a-
~~ -r 1 a’ - 5301 a--,- a s a l so a pp a ‘ ‘ a t  ly daur raireul am id showed ru o uaseful

• ni - sp Ofla - t a -

1-7

4

a- 

-. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~,.C _ _ _  
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Table 7.1. Eve nt MBI -5 water content test record.

D ftth,~,,_ 

rn (ft) 

2e -27  Sep 77 0 - 0.152 (0 - 0 . 5 )  l2~ 03

0.305 - 0 . 457 ( 1  - 1.5) 13 .66

0.610 - 0.762 (2 - 2.5) 19 .56

O. ’ 114 - 1.067 (3 - 3 .5 )

1. 2 2 - 1.37 (-1 - 4 . 5 )  24. 53

~1im I S l t ’ R l -  m:u ) NI1- ; I-1 m ( )

o

l a - E m O I N I )  1
’

2L_ 
o

Fi ute r i’  7 . 1  - Eveu t I- ’Y 1-5 m n ro ist  a - re c a  I - i t  data -
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a-~~~
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4

0
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F igure 7.2. Gage layout for MISERS BLUFF Event MBJ—5.

89

— ~~~~~~ - -‘ 



Table 7.2. Ground motion and aim-blast mtneasure mrm ennt list for Event MBI-5 . 

ad ial 
- 

Ra nujis 
- 

be~ith 
- Ma -a- a- msure ment Nunmbe~’ a-

Sad (Peg ) ~~~~ ~~ i t _j~~_ c t t )  AV AH AT V LJO SV 
- 

SH AB

0 (0) 4.57 (15) 0.457 (1.5) 5101 5102

O (0) 4.57 (15) 3.05 (10) 5103 5104

0 (0) 4,57 (15) 9.14 (30) s i m m O h u m

O (0) 9.1-1 (30) 0.457 ( 1 . 5 )  5107 5108
0 (0) ‘~~ . 1-1 (30) IL 45 7 ( 1 , 5 )  5719 5720

0 (0) 9.14 (30 ) 1.52 (5)  h a - lOS 5110

O ( 0) s.i -~ (30) 3.05 (10) 5111 5112
0 (Q) -

~a- 1-1 (30) 6.10 (20) - ‘113 5114

O (0) 9.14 (30) L Ia - i  ( 3 0 )  5 1 1 5  5 11 6

0 (0) 10.3 (60) 0.4:-/ (1.5) 5117 5118

O (0) ic - ,3 (60) 0 -157 (1.5) 5721 5722

O (0) 10.3 l e a - I )  1.52 (5) - a- - : 1

o (0) 18.3 a- h 3.05 (10) 5110 5120

O (0)  2 7 , -i ( ° uh 0. 4 57 ( 1 . 5 )  5121 5 122
O (0) 27.4 u )  0 -157 (1.5) 5 1 5 7

O ( 0 )  37 , -i (qu a- L52 (5)

0 (0) ,0,6 ( 1 2 0 )  0. 4 5 7  ( 1 . 5 )  512 ,1 5 1 , -i

0 (0) 3e ,6 (120) 0,4:7 (1.5) 5153

0 (0) 3’ 6 (120) 0.4 57 (1.5) 5723 a- a-
’
, 1

O (0) 1t- ~~ i (120) 1 , 52 (5) 512 5 5 1 6

0 (0) 3e,6 (12 o) 3. 05 (10)  5 1 2 7  5120

O (0) ib, 6 (120) 6.10 (20) 5 12 a - a- a - 1 3 o

0 (0) 1t - , ,~~- (120) - 1 .1 4 (30)  o1 3 1  51 3 2

O (0) 36.6 (120) 12.2 (-~o) 5133 51 3- 1

0 (0) -15. 7 (150) 0. 157 (1.5) 5135 bi -:i-

O ( 0) - ‘a ’ - ,7 ( 150)  0. 45 7 ( 1 . 5 )  51 5 - -

O (0 )  70.7 (2 32 ’ ) 0, 157 ( 1 . 5 )  5 137 b iSs
0 (0) 70.7 (23 2 )  0 - 157 (1 .5 )  5 1 -
0 (0) 70.7 (232) 1.52 (5) 520.1

1,1 (0 )  70.7 (232 ) 3, o45 (10) 5139 - , 0 I - 1

O ( 0 )  /3.2 ( 2 - l a - i )  (a- , 0 1  ( 2 0 )  5141 ‘ -1
0 (0) 73.2 ( 2 - 1 - I l )  l2 . a-’ (011 51-13 o I l - I

- 5 1

4

_______ 
______ _________ 

“ a-

~~~~
,—

~~~
- - ‘.)- a-

‘ a-a- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Table  7 H .  ; u , - - a - n d t i motior i  and a- i i rb las t  i a - i m a -a-usure tr me ii t list for Event MBI- 5 (Continued).

Radi a l 
- - 

R ar a -~ La- Dep th 
- - 

Measurement Numbers 
__________

Rod )Dt ~ui) ti m 
- 

( t t )  
- 

un ( f t )  /a-V AH AT LJ ’ -7 US a-Il SH AB

1.57 (90) 3 e , 6  1120) 0 457 (1.5) 5147 5140

3 . 1 - 1  (180) 18.3 ( i s O )  i 4 a - a - 7 ( 1 . 5 )  514 1 5150

3 .14 ( lou )  18.3 (60) 1.52 (5 )  5204
1 .14 (1~- a - a - )  36.6 (120)  0, 41 —

‘ (1.5) 51s1 5152

3.14 ( Io m l ) it— .6 (120)  1, el ( 5 )  5205

2,14 (lO u ) 73,3 -240) 0.457 (1.5) 5153 5154

3.1- I (11 - 0 )  109 .7  ( ‘ - n - C ) 0 . - I l  (1.5) 511o 5146

a - 1 , 7 1  (270)  1.83 (6 )  0 (0)  5301

-1 ,7j  
~27O) 3.05 (10) 0 (0) 5302

4.71 (270) 4 5 7  (15) 0 (0) 5303

4,71 (270) 9.11 ( 3 0 )  0 (0) 5304

-I T- (270) 1 8.3 (60) 0 0) 5305

4.71 (270) 3n-- u ~120) 3 (0) 5306

- - .71 (37 0) ‘ - , C ( : a - i a -~ 0 -T I 1.5) 515s 51 6

I l l  (270) /3,2 ~24 f l~ 0 1 3) 5307

4’,’ ‘ . en t i - a - I  ocet’ 1 1 _ u _ _ i t i m u ’
40 -luuniz u a - u t ,il Acc el - r a - m a- l i ) ! i

4 1 1 m a - m r m -  - Le s t -  4 c c c l  a - r n a- t i or
- a- a -r t cdl a- - a - a - i o n - it a-

OH Honi:u iuta l , - b e l t - ,
;a - -r~ 1 , - al S n r a - s

50 tori :’ a - nt m I St noes
All A i rH  os t

a-~~
- 1c , i l t n a -- : y a - a - a -’ i e s  - - a - h a -  t e l  1OIa - 1u~(1 ‘rout es are ; i u ’is- a - a - -u t a - - I  in Fi e r a - - 7 .3.

in - , t nua n o e m ut ~~1 - u a - R~ :,i_ i l Range
0 a  “ta- d - - a - u  a - ’ ’ -m ~! t , 

a-
, i  o r  n a - i d  ( - I - - n )  ru 

- 
(f t  a- rn 

- - -  
( 

- - t

a- - n t  1 C a - t  5 t ’ a - , a-a- — -a - V t  5211 1 ti (a a- 18.3 (u i ) 1.52 (5)
a-a-a- m a - n t La l  A c c c l e a -’ otu a - s n u  

~
a-’a- , )  5 1 17 0 (0) 18.3 (60) 0.457 (1 .5)

. e - r i c a - m l , a- a - O I C I ’ - - ( u ] ’ .) 5721 0 (o) 18.3 ,- a - o ) 0.4- a- 7 (1 .5)

A r :  la - n s~ A[1 5305 4 7 1  ~27 ) 18.3 ( )  - -- -

-1

4

t. - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . - - -



_ _ _
_ _  ~~~~~~~~~~~~~~~~~~~ —

a--a-a-

a-JO
a-, a - a - ’ a- a a- ,.

a’ a a a -  a - a - . a - a - .  ‘~ S i - I ,
0, O X  ,~~~ a - ’a -  a- a - a - a -  a - a -  a- a - 3~~~,

23 
- - 

‘a- - — -  -a- a - a - ia - a - a-a-
l a - ’ -  a - a -’ )

a- ,a- .,~,a - .,, Ot tO ,  ¶ ; a - , 7a -
- ao- ,  a- i i  23)

a- ,a- ia - a - 50 S - a - a - a - La_I
_Ca-C a-7) - a -a- Z a - c - a ’ ’ - ,,j

- - 
a - a -  oces a-.a-_ i

-~~ 

~~~~~~~~~~~~~~~~~~~~~~ .a- a -a -a-~~~~S~~~a’a-~~~~l

a - - a -  a - c  -~a-~~~~~~~- - — ____-

~~~~ 

-

- H- -
-a - a - a - 0 - 0  a- - a -, - - — ‘ a-—a-

( ~ - \_ , - -
a - s i  a - a - n a-

Ia--a- a--
- I - a  - 

~~~
— - ‘ ‘ - -- : -~ a- - 

a 0 0 • 0 - C a -- a - I 6 a - a  _,_,

11I- ’h ~PCitI BET (s) 
- a-

L u : ’ftl [ S T R E S S  0 0  a - a -  a’ - a- a - a -  a - C

Ia-LI (s)

IERT ICAL a-ICe LLE RAT 03 - a-

U ,o a. S S a- a- a-a- a-

-“ s — a - a -  a - ’  a- a- a- - 
,, a -a - a-

‘a -a - fl). .0j a- a - -a - - -  -i)_ ~~ a’ ,  za-o-oe
I ’ )  — t a - coo  “ a - c p a - - a-

- -  - ‘ ‘.‘ - ‘ a- - a-, ,c •~a-a-a - a -  I_a-_I 2- i
Ix -

>-
I” c/a- j~. a-
L) ‘ . 

- -  _ _ _ _ _ _ _  
La-_a

0’O — a - ,~a-, a- . — ~~~~~~~~~ Ix 0 -  ~a-—’ ”---—- ’
a-a- 23,,

La-_a 
~~a- - a-

:: 
~! 

:.~~ -

a - - a - a -  hi . 
- - — s s ’  c o o  1—___ _ ., - - - ——

~~~~~
‘ 

-

0 -C l -o 05 -

La-_Ic/a-
a - a - ‘a - — — r - -  a- ,,,,j r —a-’-”- - - - r -— -’-’-’—-a- — — —-—-a-

0 0  Q a  c c  I - a -  a- 6 2 .0 D 0-00 - f i . 0 a -  0 2  0 . 6  0,20

T INC -- -sc-I DET ( s )  T I t-Il I 55~ BET ( s )

- ,- [°TICAL VELO C IT ’r AI RP LAST
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Figure 7,-i shows the commm pa ri son of m m measu i ed and predicted v e r t i c a l  wave-

formm i s at the 36.6 ureter range and 0. 4i5 a - m e t  or depth.

7.3 CRATER ANi ) EJECTA EXPERIM [I-JTS

7.3.1 C r a t t i a - m ’  and Ejecta Layout

Four radial l i ume ~ we re s ur v eyed to deta - l rm tmine the m - a u’asue t.ors for the

a Si a - i r a - -r ut crater , Free f ie ld  a m- c al dens i ty  i reasur a - - u lent- I were made a lonq the four
radial s. Severa l  d i f fe r a -s r : t  t a - p a -a - s  of debris col bec t ion  dc - - i ces  were used as shown
in Figure 7.5.

7.3.2 Resu l t s

The a v e r a g e  a p r a - m u - e r a - t  values for the Event Ml3I- 5 crater are :

l’ol uuu r e: a -4C 3 m~ ~~3 ,-1 f t - a - )

Rad ius :  -2 ,57 t rreters (15 .0  feet )
Depth bel a-eu SGZ: 3.28 ui~e te rs  (10 , 1-: f ee t )

F i - t u a - ra -a- 7 .6 is a plot of the c ra te r  pro m i l e. The avi ’ u ’a - m ne free f ie ld  a m’eal
density va - -u -s o s ran -re plot is giv en in F i - 4 uu - a a - 7 . 7 ,

Figure 7.8 shoa - -. -i - a- i r a - u  d a t - a - i S  depth versus ran -tn norma l i z e d  t a - v the cube

roo t a - a - f
. 

the apparent c r a - i t m a - r  v olma - r -u a -a- , The  u - a- a- - u - o l e a-e m a - u a - Iu u a - - u l t  v c - r t i c a l  d i s p l a c a - - ’ a - r u t

v m r s u s  range is s m a - a - a - -a - ru in F i - ; - a -  a - - 7 .

L ,-
~ -- -- 
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SECTION 8

EVENT MB I— 6

8.1 DESCRIPTION

Th i s even t was cond ucted o n 13 October  1977 at  t he Wh i te Sa nd s M is s i le
Ran ge. The event consisted of an array of six 454-kg (1000-pound) cast TNT

ha l f-buried spheres equall y spaced 36.6 meters (120 feet) apart in a hexagonal

array to provide data for the mu ltiburst waveform synthesis prediction model for

the half -buried configuration . Figure 8.1 shows the event detonation sequence.

8.1 .1 Wa ter Co n tent

Soil moisture data were obtained for Event 1101-6 and are plotted in

Figure 8.2.

8.2 GROUND MOTION AND AIRBLAST EXPERI MENTS

8.2.1 Ga ge La yout

Ground shock instrumentation was located both in the interior and

exterior of the ring of charges , also betwee n adjacen t charges. Gages were placed

at depths of 0.457 to 12.2 meters (1 .5 to 40 feet). The main (0 radian) gage

line extended from the center of the array throug h a c harge , and contained all

the gages placed at depths in excess of 0.457 meters (1 .5 feet). Figure 8.3

presents both plan view and cross section of the ground motion gage array.

Fi gure 8.4 presents the airb last gage l ayout.

8.2.2 Instrumentation

A to tal of 14 6 ga ges we re i nsta l le d; 99 accelerome ters , 5 veloc i ty gages ,

12 so i l st ress gages , and 29 airb last gages . Table 8.1 is a listing of each gage ,

• denoted by an arbitrarily assigned measurement number. The airb last gage array

for Event 6 consisted of two main gage lines--one throug h a c ha rge an d one on a
bisector of two charges. For the bisector line , a n umb er of a irb l a s t  gages were
installed at offsets from the actual radial. These offsets appear in Table 8.1 as

nega ti ve numb ers , i nd i ca tin g that  the gages we re p laced cou n te rc lockw i se from the
tr ue rad i al .
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8 . 2 . 3  Typ ical Da ta Records

Calibration and recorder start signals from the Timing and Firing (T&F)

un it .-iere proper l y received and translated , and all equipment operated as planned

for Event MB I-6.

Da ta recovery was good. Three accelerometers and one velocity gage ,

measurement Nos. 6104 , 6186 , 6149 and 6901 , respectivel y, y ielded no useful data.

In addition , stress gages Nos. 6403 and 6404, accelerometer No. 6152 , and airb iast

gage No. 6320 produced data sufficientl y noisy to be of questionable value .

Typ ical tull e histories for the followin g gages are presented in

Fi gure 8.5.

Type of Instrumentation Radial ~~~~ D~p,~h -

Measurement Number rad f~~ rn ( s t)  m

Vertical Stress ( s v )  6409 4.71 (270) 18.3 (60) 1. 52 (5.0)
Vertical Acceleration (AV ) 6133 4.71 (270) 18.3 (60) 0.46 (1.5)

Vertical Velocity (UV) 6719 4.19 (240) 18.3 (60) 0.46 (1 .5)

Airbiast (AB) 6306 2.62 (150) 18 ,3 (60) 0 (0)

Fi gure 8.6 shows the comp arison of measured and empirical predicted wave-

form of the vertical velocit y one charge spacing (120 feet) outside the array.

8.3 CRATER AND EI]ECTA EXP ER I~1ENTS

2.3.1 Crater and Ejecta Layout

Four radial lines were surveyed in each of the craters to determine the

parameters for the apparen t craters. Free field areal density measurements were

made along three primary radials. Several different types of debris collecti on

devices were used as shown in Fi gure 8.7.

8.3.2 Results

The average pert inen t pa rame ’ s’i~ ~vr each crater are :

SGZ No . 1 SGZ Nv . 2 SGZ No. 3

m ( f e )  ( f t )  m (ft )

Apparent radius 3 .26 (10. ’) 3.20 (10.5) 3.35 (11 .0)

Apparent depth 2.26 (7.4) 2 .23 (7.3) 2.10 (6.9)

Maximu ” depth 2.2~ (7.5) 2.23 (7.3) 2.13 (7.0)

Volume 30.4 m 1075 ft 3 22.3 m ~~~ ft 
- 29.7 ‘i ’ 1050 ft~
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I Fi gure 8.7. Debris collector l ayout for Event MBI-6 .
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SGZ No. 4 SGZ No. 5 SO? No. 6

m (ft) m (It) m ~ft)

Apparent radius 3.51 (11.5) 3. 38 (11 .1) 3.41 (11 .2)

Apparent depth 2.19 (7.2) 2.16 (7 .1) 2.35 (7.7)

P4axiinum depth 2.26 (7 .4) 2 J C -  ( 7.1) .‘ ,38 (7.8)

Volume 2’l .4 m 4 104 0 ft ‘ 3 3 . 0  m 1165 f t  ‘ 34.5 rn 1 220 f t  I

The higher than no rma l depth of the debris from ~ 1 y collectors for

SGZ No. 1 and SGZ No. 6 is attributed to ~hv stead y wind as indicated in Figure 8.7.

The wind is also cause for the enhancement faLtors from SGZ No ,  3 to he hi g her tha n

the  r a d i a l s  from SGZ Nos. I and 6.

The differences in cra ter sizes are attributed to sl i ght v a r i a t i o n  in the

soil geology at each site. Fi gures 8.8 through 8.13 are p lots of the individual

F cra ter prof iles.

The avera ge free field area] -‘ensity versus range is shown in Figure 8.14.

The debris depth versus range norn iali by the cube root of the appa rent cra ter

volumes for craters 1 , 3 and 6 are shown in Fi gure 2.15. Figure 8.16 shows the

average permanent vertical disp lacements versus range .

Several types of collection devices were used to oHt  d i n  the debris

enhancement infor m ation. The prir iary enhancement collector- devices were 5-ga llon

paint buckets set in the ground (round p its). Square boxes were also used as p its.

Vertical steel plates and concrete slabs were used as aboveground debris enhance-

men t structures.
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SECTION 9

EVENT MB I-7

9. 1 D E S C r ’ I I P T I O N

This event was conducted on 26 Octo ber 1970 at the White Sands Missile

Range. The event used a 116-kg ( 2So -pound)  cast  TNT , ha l f -bur ied  sp here to pro-
v ide  data on c ra te r - induced s c a l i n g  between 45 4 -k g (1000-pound ) and 116 — k g

(256-pound) charges.

9 .1 .1 W ater Content

Soil moisture -ld t a were obtaine d for Event M B I—7 and are p lotted in

Fi gure 9.1.

0000NO ~t0TION AND (~IR 8LAST [ X P E P . l t- 4 0 0 TI

9.2 .1 Ga- ~e Layout

Or o co d shock ins t rumenta t ion  y o ve red  ranges of 2.90 to 146 meters (9. 5 to
4 19 f e e t )  f r oc -  S ’~L and dept hs of 0 . 4 5 7 to 3.05 :e t ers  ( 1 . 5  to 10 feet). Motion

gages were installed along a sing le radial (desi gnated th e 0 radian radial), with

ai r i l a s t  nt e as ut ’ € ’~ c - n t -  made on t he 4 . 71 radian (279~ ) radial . Fi gure 9.2 presents
b o t h  a p lan v i eo and cross sect ion of the gage a r ’ d - .

0 .2 .2 Ins t  rui -- - en ta t i o n

F i f t ;- f i ve  gages were ins a l l e d ;  42 a c c e m e r n - ’ t e rs , 10 v i l o c i t y  gages ,
and 3 a i t - b l as t  9a 9 ( -~ . Tab l ‘1 . 1 is a l i s t i ng  v f  ~~~ J oo c- , d~roted by an
a r b i t r a r i l y a s s  i-;n ed measurement no bet - .

9.2.3 Typ ica l Oata Records

Cal ibr o t in and recorder st art signals fO -o r the T i nt ing  and F i r ing  ( T & F )

unit we~’~~~r- po rl y rece i v ” d  and t r o t - s l a t e d , and a l - ‘ H i pl”ent operated as p lanned
for Ev ’ ’ nt  t I  — 7 .

Data recovery was qood. Thr e ’ a~~e 1er - c r  , mea su re ntent Nos. 7 1 1 0 ,
7135 and 7 136 , and one v e l o c i t - ,- - a ge . Is - ~~.o ’c -r -r- l~o .  7902. y ie lded no useful
data .

I
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Table 9.1. Ground motion and airbiast measurem ent list for Event 1-181 -7 .

Radial R __ Depth 
-~~~~~~ Measur e eri t~~~n b e r _5-

Ra d (De9) m m (ft) AV 
- 

AH AT S, SH P,B

0 (0) 2.90 (9.5) 0.280 (0.92 ) 7101 7102

0 (0) 4.27 (14) 0.280 (0.92) 7103 7104

0 (0) 4.27 (14) 1.52 (5) 7105 7106

0 (0) 5.79 (19) 0.280 (0.92) 7107 7108

O (0) 5.79 (19) 1.52 (5) 7137 1731:

0 (0) 5.79 (19 1.52 (5) 7701 77u?
O (0) 5 .7~ (19) 3.05 (10) 7109 7110

O (0) 7 .ol- ’ (26) 0.280 (0.92) 7111 71 1~
O (0) 7. ’~ (26) 1.52 (5) 711:1 7114

O (0) 11.6 (38) 0.230 (o.~ 2 )  711~ 7116
0 (0) 11.6 (38) 1.52 (5) 71$~ 714u

0 (0) 11.6 (38) 1.T )~, (5) 771 1 7713

O (0) i1. e (38) 3.05 ( 1 )  7117 711o

O (0) 14 .3 (47) ; . 280 ( .92) 711 9 7120

0 (0) 14.3 (47) 1.52 (5) 712!  7 !: . -

O (0) 17 4 (5fl (.280 (0 U .?)  7123 71:4

0 (0) 17 .-I (57) 1.52 (5) 71-U 71 -1

0 (0) 17 .4 (5) i . n (5) 7 7 3  7705
0 (0) 17 .4 (57) 0.200 (0.— ’:) 7 12 71

0 (0) 23.2 (7f~ 1.50 (5) /12/ 71?~
O (0) 29 . ) (

~
- ) 1.5? (5) 7120 7131)

0 (0) 37.5 (123) 3 • 5  (10) I1 ~~1 . 132

0 (0) 45.7 (15 - .2-- ~ (0.92) 7133 / 1 : - ’.

0 (0) 73.2 (24 ( 0 .?:- - 
(O. i~~) 713 . 71,~e

0 (0) 11 0 (3i~~ n .209 (0.9.) l’lol 7- 1:

0 (0) 14~ (4: -j 0.~-’o (o. °~ I 7 )03 7 -o- i

4.71 (270) 5.79 (1°) 0.2:’ (0.°’) 7301

4.71 (270) 11.0 (38) 0.2’ 1o~ -~?)  7302

4.71 (210) 17. -I (57) 0.2o9 (0.o?) 7303

AV Vert i cal Accel era ti n - . -. ii  • ‘ Ion t • S or - z -  - ‘ - i  ii Sti
AH Horizontal Ikcceler - ion JO )I r1.~~ - ’ - I i  . ‘ ,- 0

• AT Transverse Acce lei ’- - n  - . - - i c al St es
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Typical time histories for the following gages are presented in

Fi Jure 9 . 3 .

T~~-e of Instrumentat ion Radial  
— 

Ran~~ f~.pth
n t  

- - 
Number 

- 
rad T~

’ej)’ rn (ft) rn

Horizonta l ,‘~cceler at ion (AR) 7138 0 (0) 5 .79 (19) 1.52 (5)

Vertical Accelera tion (AV) 7137 0 (0) 5.79 (19) 1.52 (5)

~c- r t ic al Velocity (uv )  7701 0 (0) 5.79 (19) 1.52 (5)

Mr ’la s t (All) 7301 4 .71 (270) 5.79 (19) 0.28 (0.92)

9 .3 CRATER AN D EJECTA EXPERI ME NTS

9.3. 1 rator and Ejenta La - iout

Four rad ia l  l ines w e C -e s u r v e - e d  to deter r: ine the p a r i re t e r  for the appar-
ent crater . Free f ie ld  .ireal le ns i ty ono I L r p r l ( n t s  were made a l ong t hu four radi  a ls
Severa l di f feren t types of debris co l le r  l i on  dev ices  were used as shown in

E i 3 u r e  .4.

9.3.2 Result-

T he ave no or app a rn’ ’ va lues  for the Even t  1 - 0 1 — 7  c na ’ rr are :

iol .rc : 6. 17 m - - - 4~ ft ~)
R ad io : 2 . 13 ~~- t e rs  ( ‘ .O f e c - I )

De pth  beloi- 1- SD’ : 1 .37 meter ’ , (4 .5 f~~ - t

Fi qu re 9. 5 is a p lo t  of f e  c ra t ’ - r  p r o f i l e .  The a v e r a - e  free f i e ld  areal
d e n s i t y  v e t - ’ range p lot is g i 5 t - n  in Fin cc- 9.6.

FE urn ‘1 .7 shows the del nis depth ve n us ra lq (  ‘ o r - I l  i ze d  by t h e  c u b e

roo t of 1 a ppa ret ’ cra ‘ Pt  vol utne and Fi qure ~ .0 s)ms - - t n -  a v e rage -er ir anen t

r n - n t  i ca l  d i  sp l acc ent ~ - r - u- range.

I
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25000. Hz 111577 9 25000. Hz 1 1 1577
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~ -1.~ ~-~~ I
-2. ) -4 .

-.5 U)

~ 0. 010 1 ~ 0.004
-
~~ 0.005 4~ 0 .002
— 0.000 ~31~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0.000 .
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-0.005 i -0.002

0 — ‘ —t - 1 7 - - 7 — - - - -5-5’
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0.0 0.2 0. 4 0.6 0.8 1.0 0.0 0.2 0. 4 0.6 0.8 1.0

TIME FROM DEl (s) TIM E  FROM DET ( s )

HOR IZONTAL ACCELERATION V E R T I C A L  ACCELERATION

H A L F - B U R I E D  - hn LB SINGL E HALF-BURIED - 256 LB SINGLE
MB I-7 5-1 MIll-7 5-11
7701 1 - 1 -e 9 - u ~ uV 7301 19—0- 2 70- A B
25000. Hz 11157 7 25000 . t iz 111577

-S 501. 2767 511. 2767
It F3 LOW PASS 1 300. Hz

2. 100 .
1. ~ 50.

ci
-J 0 v - — —. 0.

~ -1. 
- - s~.

0.04 ~ 0. 10 lr ’N
~~. 0.02 1 - 0.05 

~
( ~~—i 0.00 -~ ,~~~- - — 0.00 -~~~- ~~~ 0~~ 

- — - ‘ —

2 i—. -0.0 ‘ ,- -0.05
23

r -

0.0 0.2 0.4 0.6 3.8 1.3 0.00 0.04 0.08 0.12 0.16 0.20

T I M E FR9I-t DET ( s )  T i t - ’[ 11~rdt DET (s)

V ERTICAL VELOCI TY A IRBLAST

Figure 9.3 .  Typical t i m e  h i s t o r ies  fo r Event 101-7.
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N

0
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• ‘ O o

C WATER HOLE

Ill •°~‘k~ç~/ WIND 3 mph 
-

~~~~ 
~

• 
04/

•ó~~~•
•cb0°•°t~ 

t,0
0
0

o
0 ~

> 0

~~
0 °Sci.. - - -  DiS PLACE ME NT PINS 0

0
D FREE FIELD PLATE

o ROUND P i T  0

V H-BEAM STRUCTURE

• InCLINED PIT

0 6 12 18 24 I SQUARE PIT
( l i i i

SCALE COUCRETE BLOCK STRUCTURE W/PLA TE

f t  CONCRETE BLOCK STRUCTURE
_______ 

W/PLATE AND ROUND PIT
° 2H CONCRETE BLOCK-BU RIED I ’

W/ lO ’ LONGRAMP , 2 WIDE
W/ PL AlES
CAMERA (HIGH SPEED) ~ SCREEN

Fi gure 9.4. Debris collector layout for Event MI3I-7 .
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• r n r ~~n ’n’ 9 . 6 .  [ V I  r • 
~“ 1-7 , avera - 1 € free f1n-l l ar ii d ensity versus range.
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Figure i P . [vn  1 115-1 - 7 , ave ra g e  perman ent 1- n r t i r a l
d i s r lul:ei :ent versus  ranq e.
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P1 T I jI, 1 -

‘, i ’~f ‘1: 1 —11

10 .1 DE~CR IPT :

h I 5  t - u t t i ~~ 4 , 0 ’ - C r i t l J u i  t t -d en 7 4 - 0 1 - 0 0  19 77 at ‘ t - - -  -,‘:itc S a n - I - ‘-tfs sj]€-

-lan - . The n v t ’- t - l i t S i Sti I - I  a n ;  , t ’ i’ av of  ‘4 , 4 1 0 - k - 1  - - - - i t O )  ca s t  T~, S u r f a c e

ta n 9en t  s p ’ e n n - s  - - 1 1  ~1ureo to  be 21.3 :1 - 1 , - ’ - 
~~~ ‘ - i i i  a t ; - :~~~; conta in :,c- .- ’ t ;

id e n t i c a l  f - c h i n - p  a n - t ’av ~ II address the n4 - - ; -- n i t ,I uLibi] i t , o~ - i I t i ~~o t  t d a t o  and to

i t : v t - ~ t i ya ’e f ;  e f f e c t o  of ~ fl ”j t  - - su~’n ’oiind :nc 1 -  - n i rI ,,r~ -~~ ‘ - 1  a ’  n a , .

10 .2 ~0~OU It - ‘u~’I - :, o~, A H, l i : IA ST ExPLl - l I ’ t p . ’ --

10.2.1 , ,nt e r  ¶ ‘on i t e n t

Soi l  m o i s t u r e  l a I n  fo r  ~: 1 ~ 8 ar c -  s u - • ’ - in T a b le  111 .1.

i - ; :2 .2  Gage Layou t

F i - j u re  10.1 is a : - l a i  ~ i ’ ~, of t m  [-~o nt  $ qr ~ nd h o t  i c -  ;age arc , , - ‘~~ ti on

~ap~- ’ were l i s tn i h u tn - d  ~p- :  - t j l ] - , 1 - c  u-~ho,n t : ‘ - ntn-i ’ j r  oH c-;~~er ion of :ne C O O  1

a r ray .  al tf lOLi l~ f )  t h e  dee~o- r oages - i i - ’~~~ con ce nt r  t n :  - - . t n - i n  1 ” - - crier - - t r ing  of

char -j es .  The a i d  l as t  g n ’ ’  t o  I’. s’ : ’ -~n in Fi lLe r 10.2.

10 .2 .3  Inr t iur i en t a t ii i t ;

Table 10.2 is a 1 is t i - i p  ot e a c h  : 1 1 1 - - - c i - ,, ’’ n-: : Ie t I t H u - I - I t . ~~~ l 1,,, TO rela-
t ive to the 0 radian r io  ii , d1 - t b  and d i s t a nce  -

-

-

j

; 0 ~~h t t ’ - ;t ’ ar~ , n- .’ cniite r . One-
hu r idnnu s € - o l - n t - . - — t ;n ga o  .- - - n : - t - i l i e d  to n ’ L.ent ~~ 127 a c c o i e r~c - t i  

~~~. 6 ve loc i t -
a - j n ’ s , 8 so il stress -~ , n - ;  , n t  30 ~i~’ : l d s t  - 4 d5 1’

1 .  2. 4 y p i c a l  Oa ta Ri- Jr

Cal i l - n a t i o n  an re - it r ‘1 ’ - nr ~ S lg ’ ic ’ l S  ‘ ron t u e  T i m n ’ : q  a t i l 5 m m :  ( T s F

m i t  were pr- ’ :  - - t ly rn-c ei ~ n-d and t n ’ -i II,EO -d , nd al ‘ j U l j  - c o t  - : , - t c t e d  as planned
fo r Eve ; .p I- -- .

lO t - i - - v - - ny  4. , m o - I , acc el~-t c’retn rs 1i 0 ~r - i !  c l -  ~r m b l e  O a t , :

i n r l O S I r u r r n t  IS ‘i~ . .~~~~, € 1 2 1 .  c- . i k .  1 2 , ibi. , 8 ltL , 02 1)7

and 8227. T i l l -  n- ; ’ r n i f l i r j  ~- 1 ~-s ,iI - ~ i~~-:-d ‘ iOO ( l -

•

.4

L ~~~~~~~~~~~~~~~~~ - ~~~~~~~ :~~~~~:T~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
.-

~~~~~~~



~ab le  10.1. Evt -nt 1,1) I I_ 8 w a t t - n ’ i- i-nit -n t  t n - s t  n ’en, n rd .

-~ 1 ~~

i t ’ - I 1’ ’ t  ci cent ~o i s t u r e

0.5 11. 6

0. 10/ 1 .S  17.9

0. - n - , 2.5 iLl

1 .i1 7 3.5 111 .0

1.37 0 .5 19. 0
1. oO 5 . 5  2 2 . 0

1 . - l _ - - _ .5 23.6

2.~ 7.5 26.9

rur~ d I n  i t t  a d r i l l  hole l oc atnt in the - n t ’ r
t t -  ann
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Figure 10 .1 . Event MB I-8 nnoti on gage layout.
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~ 024 ft
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~~~
“
~~~~~~ 2-;3 ft

0 0 + 0 0
k

$.

0 ~~~~~~~ 0 + 0

RA DIAL 
+ +— - — 0 ~~~O -— 0 0 RADIAL

0 + 0 0 + 0

0 0 + 0 0

0 0

SCALE ( ft )
T 270C’

0 100 200 RADIAL

+ 
I)LI1OTES AIR DLAST GAGE
LOCAT ION

o DENOTES CHA RGE LOCATIO N

Fi gure 10.2. Event M131-8 airhiast gage locations.
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Table 10.2. Ground motion and airbiast measurem ent list for Event MBI-8.

- ~~~d_iaJ Ra nge 
- - - 

Depth ~~~~~~~~~~~~~~~~~~~~~~~~~~
il_-id ; [ ] e j )  t in 

- 
( f t )  

- 
m 

- 
( f t )  AV AH AT UV UH SV SH AB

O (0) 0 (0) 0.305 (1) 8204 8205

O (0) 0 (0) 0 .457 (1 .5 )  8206 8207 8208
O (0) 0 (0) 0.762 (2 .5)  8209 8210
0 (0) 0 (0) 1.52 (5) 8211 8212 8213

0 (0) 0 (0) 3.05 (10) 8214 8215 8216

0 (0) 0 (0) 6.10 (20) 8217 8218

O (0) 0 (0) L’.2 (40) 8219 8220

O (0) 5.33 (17.5) 0.457 (1.5) 8200 220 1
0 (0) 5.33 (17.5) 3.05 (10) 8202 8203

O (0) 10.7 (35) 0.305 (1) 8184 8185

O (0) 10.7 (35) 0.457 (1.5) 8186 8187 11 1 1111

O (0) 10.7 (35) 0.762 (2.5) 11111 9 0100

O (0) 10.7 (35)  1.52 (5) 0191 0192

O (0) 10.7 (35)  3.05 (10) 8193 81 m4 8195

O (0) 10.7 (35) 6.10 (20) 819o 8197

0 (0) 10.7 (35) 12.2 (40) 8198 8199

O (0) 13.3 (43.75) 0.457 (1.5) 8180 8181

0 (0) 13.3 (43.75) 3.05 (10) 211-1 2 8183

0 (0) 16.0 (52.5) 0.457 (1.5) 8176 8177

O (0) lu .O (52.5) 3.05 (10) 8178 8179

O (0) 32.0 (105) 0.4 57 ( 1 . 5 )  0161-1 8169 8170

O (0) 32.0 (105) 1.52 (5) 2171 2172

0 (0) 32.0 (105) 3.05 (10) 8173 8174 8175

0 (0) 64.0 (210) 0 (0) 8322

0 (0) -64.0 (210) 0.457 (1.5) 8160 8161

0 (0) 64.0 (210) 1.52 (5) 8162 01h3

O (0) 64.0 (210) 3.05 (10) 8164 8165

0 (0) 64.0 (210) 6.10 (20) 8166 8167

O (0) 85.3 (280) 0.457 (1.5) 8158 8159

O (0) 86.1 (282.4) 0 (0) 0321

0. i z~”l (30) 5.33 (17 .5 )  0 (0) 8302
0.524 (30) 10.7 (35) 0 (0) 8305

0. -; ( 3 0 )  12 . 5  ( 6 0 . 6 )  0 ( 0 )  0 1 0 1
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Table 10.2. Ground notion and d i r b l as t  nieasureiiient l is t  for Event MBI-8 (Cont inued) .

- - 
Radial Ra nge Depth 

- - 
Mea surement Numbers 

_ _ _ _ _ _

Ro~l. (Dej) ~~~~ (,t’.,t_)__~, AV H AT ~~ ±ft sv ~~~~~ A

0.524 (30) 26.3 (86.2) 0 (0) 8309

0.524 (30) 31.6 (103.7) 0 (0) 8311

0.524 (30) 34.5 (113.2) 0 (0) 8313

0.524 ( 30 )  3 6 . 9  ( 1 2 1 . 2 )  0 ( 0 )  8314

0.524 (30) 4 .3 (138.7) 0 (0) 8315

0.524 (30) 47.6 (156.2) 0 (0) 8316

0.524 (30) 55.4 (Iol.8) 0 (0) 8317

0.524 (30) 74 . 1  (• ; ;3 ) 0 (0) 8318

0.524 (30) 1211 (-120) 0 (0) 8319

0 . 5 14  (30) 25 1 (82- 1 ) 0 ( : j ) 8320

o . o i i  ( 3 5 )  3 5 . 4  ( 1 1 6 . 2 )  0 (0 )  8312

0.663 (38) 18.8 (61.~-) 0 (0) 8307

O.b Dl (39) 28.1 ( 0 2 .2 )  0 (0) 8310

0.803 (46) 10 .2 (63.1) 0 (0) 8308

1.05 (60) 2.44 (8) 0 (0) 8301

1.05 (60) 5.33 (17.5) 0 (0) 8303

1.05 (60) 10.7 (35) 0 (0) 8304

1.05 (60 )  26 .7  (87 . 5 )  0 (0) 8328

1.05 (60) 32.0 (105) 0 (0) 8329
• 1.05 (60) 37 .3 (122.5) 0 (0) 8330

1.57 (q ; ) 36. ’-~ (121 .2 )  0 (0) 8327
1.57 (0 11 ) 36.9 ( 1 2 1 . 2 )  0 . 3 0 5  ( 1 )  8228

1.57 (00) 36.9 (121.2) 1.52 (5) 8403
1.57 (01; 36.9 (121.2) 1.52 (5) 8405
1.57 (on ) dt ’ .o ( 1 2 1 . 2 )  6 . 1 0  (do) 8404

1.57 (-ip ) 36. i (121.2) 6.10 (20) 8406

2.62 (15 0) ~i,o ( 1 2 1 . 2 )  0 (0 )  11326

2.62 (150) 36.- -) (12 1.2) 0.457 (1.5) Od t — 11227

2. t2 ( i O n )  36.9 (121.2) 0- 1 / (1.5) 8719 8720
3 .14 ( 1 1 0 )  5 .33 (17.5) 0.4 - 7 (1.5) 82~ 1 8222

3.14 (120) 5.33 (17.5) 0.1 /  (1.5) 8701 8702
3.14 ( inn) 10.7 (35)  0. - I- f (1.5) 82’~ 224 8225
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Table 10.2. Ground motion and a i rb l as t  measurement l i s t  for Event MB1- 8 (Continued).

Radia l  Ran~~ Depth 
— __ j~e,a~~~~ ment_ Numbers

Rad (Pe~j (ft ) in If~L ~Y ~L A1 U SV SH AB

3.67 (210) 36. 9 ( 121.2) 0 (0) 8325
3.67 (210) 36.9 (121.2) 0. 457 (1 .5 )  8123 8124
3.67 (210) 183 (601.2) 0.45 7 ( 1 . 5 )  8901 8902

3 . 6 7  (210) 250 ( 8 2 1 . 2 )  0. 457  ( 1 . 5 )  8903 8904

4.71 (270) 36.9 (121.2) 0 (0) 8324

4.71 (270) 36.9 (121.2) 0.157 (1.5) 8105 8106

4.71 (270) 36.9 (121.2) 0.457 (1.5) 8707 8709

5.76 (330) 5.33 (17.5) 0.457 (1.5) ‘156 8157

5.76 (330) 10.7 (35) 0.457 (1.5) 8154 8155

5./6 (330) 18.5 (60.6) 0.305 (1) 8141 8142

5.76 (330) 18.5 (60.6) 0.457 (1.5) 8145 2146 8147

5.76 (330) 18.5 (60.6) 0./h ? (2.5) 8143 8144

5.76 (330) 36.9 (121.2) 0 (0) 8323

5.76 (330 ) 36.9 (121.2)  0 .305 (1) 8116 8117
5.76 (330) 36.9 (121.2)  0 .457 (1 .5 )  8118 8119 8120

5.76 (330) 36. ° (12 1.2) 0.762 (2.5) 8121 8122
5.76 (330) 47.6 (156.2) 0.457 (1.5) 8114 8115

5.76 (330) 55.4 (181.8) 0.305 (1) 8107 8108

5.76 (330) 55.4 (181.8) 0.457 (1.5) 8111 8112 8113

5.76 (330) 55.4 (181.8) 0. 762 (2 .5 )  8109 8110
5.76 (330) 73.9 (242.4)  0 .457 (1.5) 8103 8104
5.76 (330) 92.4 (303) 0.457 (1.5) 8101 8102

5.88 (336.8) 39.8 (130.5) 0.457 (1.5) 8125 8126

5.98 (342.4) 43.2 (141.8) 0.457 (1.5) 8127 8128

6.02 (344.7) 52.5 (172.2) 0.305 (1) 8129 8130

6.02 (344.7) 52.5 (172.2) 0.457 (1.5) 8131 8132

6.02 (344.7) 52.5 (172.2) 0.762 (2.5) 8133 8134

6.04 (346) 19.2 (63) 0.305 (1) 8148 8149

6.04 (346) 19.2 (63) 0.457 (1.5) 8150 8151

6.04 (346) 19.2 (63) 0.762 (2.5) 8152 8153

6.04 (346) 76.5 (251) 6.10 (20) 8401

6.04 (346) 76.5 (251) 6.10 (20) 8402
S
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Table 10.2. Ground notion and airb la st measureinient list for Event M I U - 8  (Cont inued ) .

ad l a l  
- 

? a n ~e 
- - - 

Dept h  
- - 

leasuremen Ninbe r s 
-

R ad ~De- :  m ( it ) 
- - 

iii (,f,~J 1W H AJ JV UH V SH AB

6 0,1 (349) 48.8 ( 1 6 0 . 2 )  0 . 3 0 5  ( 1 )  8135 8136

6.09 (349) 40.8 (160.2) 0.457 (1 .5)  8137 8138
6.09 (349) 42 .8 (160.2 )  0 .7 62  ( 2 .5 )  8139 8140

AV Vertical Acceleration
AH hor izonta l  Acce le ra t i on
AT T ransverse Accele rat i on
UV Vertical Velocit y
UH Horizontal Veloc it y
SV Vertical Stress
SF1 Ho ri zontal S tress
AB Ai rb las t

S
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Typical time hi s to r ies  con the fol 1 owi n i :  qages are presented in

Fiqu re 10.3.

Type of Instrumentation Radial 
- 

Ran,ge 
- - 

D -’ 1t t i
Nl ea su ren;’e it Number i-ad ( 1  n’ L: in (ft ) i nn f t

Hon zontal
Acceleration (AH) 8222 3.14 (180) ~ 33 (17.5) 0.457 (1.5)

V en tic a 1
Acce le ra t i on  ( A V )  222 6 2 .62 ( 150) 36.9 ( 1 2 1 . 1 )  0 .457 (1 .5 )
V e r t i c a l
‘-.-eloc i t ,- (UV) 2719 2.L’ (l5~t ) 36 .9 (1 21 .1 )  0. 157 ( 1 . 5 )
A i rb ia s t  (AB ) ~- ;32t 2 . h ~- ’ ( 1511 ) 36.9 ( 1 2 1 . 2 )  0 (0)

10.3 CRATER AND EJECTA L X O L R 1 M t  ~~
‘5

10.3.1 Crater and Ej ec t n L , n , o u t

Foun ’ i-ad i a] l i n e s  in  each c i -d ten w on - surveyed to det m u  t ie the pa ra r-e t  ers
for the apparent craters. Fr i -n- f i t - l i  a r e i l  de i :s i  1, - neasuren n en’ ; were made a lon e :
several pr ini an -- -,- rad ials  a i d  t n t w - ’ - t ; cha r- ;1 ’ S. - ‘ -n -a l d t 1f ern-n t t v ; - n r  ol debr is
collection devices were used as s t i -w n in F m~~ur ~,’ 10. -I -

10.3.2 Resul ts

The average ape r- - t lt  values for ‘he 24 cna te r r O i [.in I ~l -; i - S c r a t e r s  are:

801 No . 1 SGd~~- - . ?  SGZ N o .  3

m ( 1  1 ) i nn ( f t  ) ni ( f t  )

A pparent radius 1. 9, (6 .3 )  2.2 3 ( 7 . 3 )  2.22 ( 7 . 2 7 )
A pp a r e n t  d ep t h  1 . 1 0  ( 1 .6) ; Id ( 4 .6) 1 .25  -1 . 1 )
Maximum depth 1. 40 ( 4 . h )  1 .4.4 ( 4 . 7 )  1. -

Volume 6.31 in 1 223 t t  - 7 .eb  in 270 , n 
~ ~~~~ 

- :42 ~

SGZ N o .  1 SO , -’ No. 5 SGZ No , 6
(; t) ii 

- 
( I L  i n  O r )

Apparent radius 2 . 2 3  ( .3) 1. ’ nh (6 . - I) 1.98
Appa rent depth 1 .31  ( - i .i) 1. lo  ( 3 . : D 1 . 1 0  (3. 8)
Max i uium depth 1 .31 (1 - 2) 1 .13 (3.9) 1 .25 -1 .1)

Vo lu m e 8 .3 0  ii ’ - n f t  - 5. 78 4 U 5 . 6 -  tn - U ’

• -

- . : -
‘

~~
‘ : .

- 
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k -~ M 1 1  ( s )  T:~’L FROM DET ( s )

-~~l L - N 7 A L  AL ; I L L [ R A T I ’ N  1 L R T I L A L  ACCELERATION

SURF T A N ; L N T  - 24 C - - - - R t L S  SI R) T AN C LN T - 24 CHARGES
ME II— 8 5~ 5 “t[-- I - 8 6-9
121. 2 -1 .5 - 150 - LA _. 121.2-150-A D
25000. H2 122 0 11 ‘~ 25000. lz 04207 1’:

505 . 081-I 209 . 9647

500 
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i~ -20. ~ —.-500 I

— .2
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• rigure 10 .3. Typical time h i st o ries for Event MF 3I — 8.
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Fi gure 10.4. Debris collector layout for Event MB I-8 .

S

4 144

-!0
_ T 

.i-.
. 

~~~~~~~. T . : T :.~~~-
- TT~1 ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~



- - -5---

8G~’ No. 7 SGZ No. 8 SGZ No. 9

in ( f t )  in (ft) (ft)

Appa rent radius 2. 07 (11.8) 2.01 (6.6) 2.04 (6.7)

Apparent depth 1.25 (4.1) 1 .22 (4.0) 1.10 (3.6)

Maximum depth 1.22 (4.2) 1.22 (4.0) 1.10 (3.6)

Volume 5.75 in 3 204 It 3 6.00 in 3 212 f t 1 5.83 ii 206 ft ’

SGZ No. 1 0 SGZ No. 11 SGZ No. 12

(ft) ii (ft) in (ft)

A pparent radius 1.74 (5.7) 1 .83 (6.0) 1.89 (6.2)

Apparent depth 1 .22 (4.0) 1.13 (3.7) 1.13 (3.7)

Maxin iumn depth 1 .13 (3.7) 1. 16 (3.8) 1.13 (3.7)

Volu me 4.87 in ’ 172 f t 3 4.87 in 3 172 f t  4.84 m ’ 17 1 f t 3

SGL No. 13 SGZ No. 14 SGZ No. 15

in ( It )  r ( f t )  in ( f t

Apparent radius 1.83 (6.0) 1.77 (5.8) 2.41 (7.9)

Apparent depth 1.16 (3.8) 0.85 (2.8) 1.58 (5.2)

Maximum depth 1.16 (3.8) 0.88 (2.9) 1.58 (5.2)

V o l u me 4 .47 in 3 158 ft 3 3~ 51 m 3 124 ft 9.00 in 3 312 ft 3

SGZ No. 16 SGZ No. 17 SGZ No. 18

in ( i t )  in (ft) in (ft)

Apparent radius 2.50 (8.2) 2.-l i (7.9) 2.38 (7.8)

Apparent depth 1.40 (4.6) 1.43 (4.7) 1 .40 (-1.6)

M a x i m u m  d e p t h  1.40 (4.6) 1 .46 (4.8) 1 .49 (4.9)

Volume 9.71 in t 343 ft 8.92 in ’ 315 ft 3 8.92 n i ~ 315 ft 3

SGZ No. 19 SGZ No. 20 SGZ No. 21
( f t . ) 

- 
m 

____- 
( f t )  in ( f tj

Apparent radius 2.01 (6.6) 1.83 (6.0) 1 .85 (6.07)

A pparent depth 1.16 (3.8) 0.823 (2.7) 1.04 (3.4)

Maxi m um depth 1.19 (3.9) 0.853 (2.8) 1.07 (3.5)

• ‘Jolunne 5 .61 in 1 1911 ft 1 4 .211 rn 151 f t 1 4 . 7 0 iii ’ 166 f t ’
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SGZ No. 22 SGZ No. 23 SGZ No. 24

~~~~~~~~~ ( i t )  
- -~~~~~~~ —- ~~~~~~

Apparent radius 2.13 (7.0) 1.92 (6.3) 2.13 (7.0)

Apparent depth 1.31 (4.3) 1.10 (3.6) 1 .31 (4.3)

Maximum depth 1.31 (4.3) 1.31 ( 4 . 3 )  1 .31 (4 .3)

Volu nm ne 6.48 in ’ 229 ft ’ 5.38 in 3 190 ft 7.22 in 3 255 ft 1

Fi gures 10. 5 throug h 10. 12 are plots of the selected crater pro f il e r .

The average area l densit y versus ra nge p lot for SGZ 1 , 3, 6, and 16 is g i v e n  i n
F i g u r e  10.13.

Figure 10.14 shows the debris depth versus ran ge normal ized by the c u t e

root of the apparent c ra ter  volume for SGZ 1 3 , 8 , and 18.
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S E C T I O N  11

SUMMARY AND C O N C L U S I O N S

Table 11 .1 is a summary of the ground motion and airbiast gages used on the

eight events of Phase I of the MISERS BLUFF Program. As shown , there was a 95 per-

cent ove rall data recovery from the 840 measurements. T here we re a tota l of 923

debris collectors used on the various events as summarized in Table 11.2. Technical

photography was accomplished by the Denvel- Research Institute using 11 cameras for

the single burst events and 20 cameras for the mult ip le burst events as shown in

Table 11.3.

The sing le bur st even ts o f MISERS BLUFF P hase I p rov i ded th e bas i c da ta for
use in evaluation of the superposition principle in predicting the ground shoc k

effects of mu ltibu rs t experiments. In addition , they provided an opportunity for

evaluating the current empirical procedures fo r  p r e d i c t i n g  the  g r o u n d  shock  e f fo c t s

of high explosive experiments. A set of good quality multiple burst g r o u n d  motion

data for  two burs t  heights has been generated in Phase I test ing.

Joe of the m ain objectives of the Phase I multiple burst experiments was to

dete ru ine too regions in whicr i the superposition assumptiOn is valid and inva l id.

From the st cd v  of the data I be followi nq conclus ions about the superpos i t ion assump-

t ion W e ) ’ 1- d r a w n :

a . Supe rpos ition is satisfactol-y at all locations and depths outside the

charge a r ray ’. =
b. All depths below the phre atic surfa, e are adequately described by

Superposition ;

c. Failure of superpositi in o c c u r -  at  a l l  qaqe l ocations above the phreatic

sut-face withi n a circle havin , a radius of 1/2 the charqe spacing cen-

tered at the array center ;
d. At the ne~t r surface gage loca ’ ions inside the array and at ranges

grea t or than 1/1 ’ the charde st ac in (as measured for the ar ay  center)
-~uper t rsi ‘ ion is n i  as cc- - ate as at the previous locations , but is

sh ow i n t  a de f i r  1 ‘~~~~- t of improvement.
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Ta ble 11.2. Type~~an d number of debris collectors in MISERS BLUFF , Phase I . 

-— - ~~~~~~~~~~~~~~~~ - — ‘

Conc re te Benson San d Du st
[vent  P i t s  H Beam Slabs P la tes  [lox Mounds  Cloud Total

MBI-1 41 5 8 4 1 1 3 63
Mt B I-2 36 6 6 65 1 2 4 120
MBI-3 33 8 8 73 3 125
1-~BI-4 32 1 12 90 135
MIll-S 1 +  7 9 68 118

38 7 12 110 1h Z
4 1-181— 7 34 11 8 7 2 125

151-8 
—- 

70 
— 

70

T1JTAL 243 45 63 545 2 6 7 923

Tab le  11.3. Photcr ; - aph ic  covc lage  b r  M I S E R S  BLUFF , Phase 1.

c u 1 c h - r
Lvent I ’  11 AS hotoson iL 11 11 k in  but t  ni 1 I t\  ‘)‘ 1 1

1-181—i 2 3 1 4 11

1 2 3 1 4 11
‘181—3 1 2 3 1 4 11

1 6 3 2 4 4 20
1 2 3 1 11

‘- IB I-6 1 6 3 2 4 4 20

‘~B I— 7 1 2 3 1 4 11
“81-B 1 6 3 2 4 4 20

I
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Another objective was the development of a procedure to predict the multiple

bu rst environment in a more genera l sense. In analyzing Phase I , it was obvious that

the empirical prediction procedures and superposition methods were inadequate in

specific regions. An empirical ‘fix ” to produce results consistent with Phase I

MISERS BLUFF experiments would y ield a model with little confidence in extension to

another test configurations.
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