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FEASITY STUDY 1Y.:":
(U)

The: object of th:L. 	 Les J3C to 	 the . -.r2st reT.iontor .7it

clate whie 	 o1c1 use to det.r:le

rnechanical vi;)ratione 	 Dcry a psc; ,..t3e

Tests were performed uois three penetrator' s? .:aps: the nose and center

case sec'tioh of the 	 the nos:t pun:ion 	 and standrd

2-3/4 inch and. 2 -7 nrh 	 points.

Th is test wes recuested '4:7 G. H. !,-;nit ..;.n2,:, 5611, on September 3, 1954.

R. t.. Miksen was t11: .
, Test Project Engiaecr. Testing started Sootember

15, 1064 and was eciapietd Octoe;... 5, 1964.

S u=ery

A series of tests were pe:formed on three types of soil conditions to
determine the feasibiIy of using To.ebanice1 vfl;rntions Lc1 .,-ory

in the earth. MechanieLl vibration input ,::as supplied to the test pene-
trators with the use of a vibration exciter. The vibration e:citer was
attached to the penetrer and suspended Ere::: a crane with the use of a
low spring constant

The results of the test in4:1icater.1 that the frequency of vibration which
appeared to cause the est penetration was iiridef;cndcnt of the penetrator
construction and soil condition. Tilis frequency, which is called the
penetration frequency 	 this r2fort, was fcr.Ind to be 30 cps. 1:0
ew.planation can be given at this point of the investigation as to why this
frequency appears to 	 the best results for the different penetrators

and soil conditions. The r esults of the test also seemed to indicate the
difficuity 1:7hich woul 1. haencountered in c:ttemptihs. to use neehanicel vibra-

tions to bury a packag le hard undisurbe.d soil.

1rocodure and r;csults

Three typcs of pen t.a':ter shapes were ,Ised dcring this test series:

1. The nose and 	 c cc scction o'f the
2. The nose scctiell of the '7.ET.sn
3. St.sn::lard 2 inch ad 2-3/4 	 c7f.,:11

The setup and procedur varied slitly 1" ,!.::7Jeen 	 h.oe-Jer,

discussion ef the setup and procedure will be acn at this point. Any
chne will be noted :h the discussions of the individual ;303t3.
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The VM-21 vibration o=iter was used to genetate the required %leehanical
vibrations for each of the test shapes. This vibration exciter is nn 1;13
model C25 exciter, eapa't,le of gencratinga force of ?0O pounds

and a mrxim ay .mature c 	 lacezan of 0.50 inches.

The L2S7j shapes weze aLt.:c%e::i to cor 	 LJble

tee -cssr, of .secially dasiGned inL 	 3 	 2211c c=itt?r and test shapes were

31cponded frm c crane 	 18 strands of 3/4 inch shock cord as shown in

Tfigur 1.. This type of ouspension system was used in order to allow various
dead lends to be placed oa the test shapes and also to allow close monitor-
ing of this load. A 10,000 pound lead cell was placed between the shock
cord and the cnxiter. 	 strain gac indicator, used to monitor the load
cell, wao serced for a given deed load; it was necessary only for the crane
oneratar to keep the sam gage indicator zeroed throughout the tee ;: . The
suspension system had a spring constant of approxirately 20 pounds pt .,: inch.

;3ecause of this low spry: constant, the crane operator was able to hold the
dead load on the test shape within ±60 pounds of the required setting.

Three types of soil conditions were used during eke test series; loose fill,
lightly tamped loose fill, and undisturbed e .;esa. The preparation of the
loose fill consisted of digging e hole and then back-filling the hole with
the loosened dirt. The lightly tamped loose fill was ,prepared by digging

a hold and lightly tamping the dirt as the hole was back-filled.

The general test procedure was as follows:
1. One of the three soil conditions was chosen for the test.
2. A given dead load was placed on the penetrator nose (this dead

load was generally the smallest dead load in the dead load test
range).

3. The raximum attainable input g level was set on the excitor
control console.

4. The frequency was then varied w i thin a lyz-oietarmir:ed frequency

rauga.
5. The frequency which gave the best penetration rate was noted

(this frequenc.7 is called the pczet::ation frequency)
6. if no penetration ws noted, the dead load.was increased and

steps 4 and 3 were repated.
7. Using the penetration frequency, the input g level was varied

within the values of the test rage to der=minc the mini= 3
level required for penetration.

8. For some of the ::03t, the dead :d:; eacl int)tat g levels were
varied within the values o the Lost: ranac to de'zemine the

efi'ects on r.ene'zratica.

In this report , the TiliILLE:Im (lead load and the corresponding minium g level
are called the penetration deed load and penetration g respectively.

4
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During each of the test.;, the input g 1c ,:c1 was -monitersci using an accelero-

mete: mounted on the test inture, in the 1onitudi -ual direction of the test

item, and at the base of the test item.

A. tabulation of test rei -,e values and test i:esulto is sho;:n f,..n Table I.

Tor t: U r; i

Two different 1-::ethods were used to attach thii TX-57 to the 025 sxoitor. The
TX-57 was first attached to the exciter body as shown in Figure 2. i. 50
pound weight was mountr-..:j on the exciter table. This setup was uocd first in
order to eliminate cc tam problems which. would be encountered if the exciter
were turned over and the TX-57 attac hed to the table. The methc5 of attaching
the TX-57 to the body of 'ale exciter limit:cc"( the input g level to approxi-
mately 0.75g; hciwevcr it was thought that seine Ire;.iminary data could be
obtoino by using this T:hod. 	 acceleror,stors were elnced thside
the TX-57 at the nose, the midpoint of the center case ser.tien, and the 1.:Cn,

of the center ease 	 t..oe 	 'nese acedlerer:Je'..ers ::cro nlecei inside she t est
unit to give correlatio c7ta bot ,,;oen test 	 7i.::,enftnee frequencies and

frequencies at which pe netration ms noted. it n7ns initially thought that
the best penetration rate would occur at coe of :ha lower regor;:inc fre-
quencies of the test item.

Tests were perforated on loose fill, and undisturbed mesa. Dead leads on
the nose of the TX-57 were varied between 200 and 3000 pounds. The Ic.z:elmum
input level of 0.75g and the frequency range of 20-2000 cps were used. Test
item resonance frequencies were found around 3S0 cps, 1000 cps and 1100 cps.
There was no evi&ence of penetration by the test item in either the undis-
turbed soil or loose fill at any frequency between 20 and 2030 cps. It was
interesting  lativelto note that at the lower resonant fralueneies, rey nigh
G levels of 100g to 200 ,, .were recorded at the nose of the TX-57. No ,Jever,
no penetration was noted at any of the lower mcf.2s.

In order to obtain higher input g levels, the (.::Ater was turned ovL1: r,nd
the TX-57 was attached to the excitor table an ..*cwn in Figure 3. Tess
r-'e' porfeaed on the 	 tacd leose 	 and -nds-
turbed mesa. Dead loads and input g levels were varied between 200 and
1000 ,t-mUnds, and lg and 153 respectively. The frequency range of 20-2000

spa was again used for this test. M.:1 resonant frequencies of the TZ-57
were found to be appremately the same es in the previous test.
high 3 levels were recorded at the nose of the T-57; haz,7ever, penetration
was noted only in the freuency range of 2C-i -:0 cpo. It began to become

evident at this point 0E the iswestigation that the asnumptien that pene-
tration would octcur at the lower resonant frequency of the 1:st share
false. Further investiacions indicated that a frequency of 30 cps gave the best
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penetration rates in both loose fill and lightly tamped loose fill. It was
determined that a minimum dead lead of 500 pounds and a coreesponding minimum
input level of 5g were required for penetration of the loose fill. A mz'ximum
dead load of 500 pounds and a corresponding minimum inpue level of 13g were
required for penetration of the lightly tamped loose fill. A maximum dead
load of 1000 pounds and a MaNiMUM input of 15g were used for the test on un-
disturbed mesa; however, no penetration wan: noted for any frequency between
20-2000 cps.

Test Using the Nose Section. of the "RED"

The nose section of the "REB" was fastened to a piece of steel tubing which
in turn was attached to a table mounted fixture. (See Figure 4). Tests
were performed on loose fill, lightly tamped loose fill, and undisturbed
mesa. The nose section of the "RED" and attached steel tubing weighed
approximately 620 pounds. Because of this high weight, the maximum input
was limited to approximately 5g. Dead loads on the test item were varied
between 400 and 1000 pounds, and the frequency range of 20-1500 cps was
used.

Penetration was noted in loose fill at a frequency of 30 cps, with a dead
load of 620 pounds and a maximum input of 5g. The penetration rate was
very slew and movement stopped after the unit had gone approximately 15
inches into the ground. An increase in the dead load to 1000 pound yielded
no further penetration. No penetration was noted at any frequency in either
the lightly tamped loose fill or the undisturbed mesa. Poor penetration
using the nose section of the "RED was later attributed to the relatively
law maximum input G which could be supplied to the test unit.

Tests Using2±314 Inch and 2 Inch Wall Points

Tests were performed on all three soil conditions using standard 2-3/4 inch
well point. The well point was attached to 2-inch pipe which was fastened
to a table-mounted fixture as shown in Figure 5. Dead loads on the well
point were varied between 200 and 1000 pounds. Input levels were varied
between ig and 20g. Because of results obtained from previous tests, the
frequency range between 20 and 70 cps was used.

The frequency of 30 cps was again found to aive the best penetration rates
with each soil condition. The minimum dead load and corresponding minimum
G level for penetration of loose fill were. 500 pounds end 5g respectively.
Lightly tamped loose fill required 500 pounds and ilg.

A dead load of 500 pounds and an input level of 20g were required to obtain
penetration of undisturbed mesa. With these levels, the penetration rate
was slow and movement stopped after the point had gone approximately 36
inches into the ground. An increase in the dead load to 1000 pounds re-
sulted in no further penetration.

UNCLASSIFIED
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Tests were made on lightly tamped loose fill and undisturbed mesa using
the 2 inch well poiat.

The penetration frequency was found to be 30 cps for both soil conditions.
A dead load of 500 pounds and an input level of 3g were required to pene-
trate the lightly tamped loose fill. A penetration depth of 36 inches
was obtained in undisturbed mesa by using a 1100 pound dead load and 15g
input 1pvel.

Discussion of Results

It is interesting to note that a frequency of 30 cps appears to give the
best penetration results regardless of penetrator shape and soil condi-
tion. No explanation can be given why this particular frequency appeared
to give the best results. The only portion of the test setup which
essentially remained unchanged throughout the test series was the use
of the VM 21 vibration el=iter and its suspension system.
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