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ABSTHACT
- The NCEL atomic blast simulator is intended for testing beems, beam-column .
T connections, and other relatively narrow structural elements. This report describes
the successful aduptation of the simulator for providing dynemic loods on a bearing
plute on sand and presents some tentative results as a preliminary part of Task
Y-F008-08-03-402, "Funuamental Behavior of Soils Under Time-Dependent Loads.”
The dynamic bearing copacity of a 15-inch-diameter bearing plate on dry sand
without overburden was 90 percent higher than the static bearing copacity. Also,
the dynamic bearing modulus was considerabiy higher than the static; e.g., 226 psi
per inch dynamic versus 137.7 psi per inch static at 0.5 inch plate settlemert.
This work sponsrred by the Defense Aiomic Suppart Agency 4

Quolified requasters may obtain copies =f this reparr from DDZ .
The Lobaratory snvites comment on thit . sai?, particulerly on the
results obtained by those who nove epptiee the informetion.




INTRODUCTION

Increased knowledge of the behavior of soils under dynamic loads of the type
produced bv nuclear weapons is urgently needed by engineers engaged in designing
protective structures. In addition to the utility of soil as a radiation shield, the
economic and mechanical advantages of utilizing the strength of soil masses by
placing protective structures underground are being exploited. The background
of informavion regarding the dynamic strength of soils and the behavior of structures
dynamically loaded in soil environments is gradually being enlarged, but the magni-
tude of loads of interest is steadily increasing. This implies the need for stronger,
more expensive structures. More precise information is needed to effect structurally
adequate, but economicaily feasible designs. Therefore, continued research is
necessary in the field of soil dynamics.

During the last decade. researchers have done a considerable amount of
laboratory experimentation with dynamiccily loaded soils.]3 These experiments
have included dynomic triaxial shear testing, studies of pressure-wave transmission
through soils in shock tubes, miniature bearing tests, and others. In the field, some
opportunities have been affor.ed to study soil behavior and soil=structure interaction
under fuli-scole co: Jitians during nuclear weapons =ffects tests. Much v luabie
information has been developed by some of the laboratory reszarch, but laboratory
studies are hampered by the great difficulty of producirg soil models which will
simulate the behavior of large soil masses under dynomic loads. The modeling
difficulty is not present in full~size experiments performed during weapons effects
tests in the field, but other problems are there encountered. By w0 mears tha lc~e
of these is the expense involved in full-scnle field testing with ez wagp-
Other writers® have pointed aut the problems of insiiumerniuiion, ncurerioducibi-
lity of cenditions, uncertainty of load magritude, and infreq :ency of testing witn
which the researcher must conierd. The ultimate obstacle to field testing is the
ban imposed from time to time on nuclear weapon detonations, The dynamic
plate-bearing tests on soil which have been and are beiry corducted by the. Naval’
Civil Engir 2ering Luboratory in the test pit of the NCEL atom”. olast simulator
have overcoma many of the difficulties mentioned above.

The dynamic bearing copacity exéeriménts at NCEL are conduc: .t ur .or
Task Y-F008-08-03-402, “Fundamental Behavisr of Soils Under Time-Depencent
ioads,” Financial support for thesa tests has been provided by the U, S, Defense




Atomic Support Agency throunh the Bureau of Yards and Dccks, U. S. Navy
Department, The experimantal work has been performed by the doils and Pavements
Division with the assistan_e of the Structures Division. The task is  =rt of an overall
objective of providing inforination regarding soil ~structure interactior under dynaiic
loads. '

This report describes tests which have & :n made on 15~inch-diometer and

30-inch-diameter bearing plates on dry sand without cverburden. One purpose

" of these initial studies was to determine the degree of usefulness of the NCEL
atomic blast simulator for dynamic soil testing. A second purpose was to make a
preliminary study of the dynamic bearing capacity of sand on a footing uf substan-
tiol size without resorting to nuclear weapon Jetonations in the field. These first
experiments were not expected to yield the desirable ultimate product of specific
data for structural designers, Nevertheless, the results of these pilot tests do permit
some tentative comparisons of staric versus dynemic hearing behcvior of sand.

TEST PROGRAM
Background

The design of any engineering laboratory test intended to simulate field
conditions is dictated by the prototype field event, Within bounds imposed by
available test equipment, and by limitations in knowledge of the true character -
of the field event, th- test is m:de as realistic as possible. The NCEL platu-
bearing test program reported here was intended as a simulation of statically and
dynamically loaded spread footings without overburden. It is realized that the
behavior of dynamically loaded footings on the surface of the earth is not of
primary interest in the design of protective siructures, However, as a logical
by~-product of evaluation of the blast simulator as a soil dynamics testing device,
the determination of surface footing behovior should provide guidance far - .
design of more realistic experiments to be corducted in the future.

Conventicral foundation loads are of a long=duration, static nuture
(exclusive of certain specialized loads imposed by rotating machinery, or loads
imposed upon pavement foundations by landing aircraft, surface vehicles, etc.).
The bearing capacities of soils under these conventional types of loads hove 'ong
been determined experimentally. Basically, the derermination involves the cppli-
cation of static load incremants to a bearing picta restiny on the soil. Se*'erent
of the bearing pluiv utuer euch load increnent is cbserved, and the succeed’ 3
load incremant is added only afrer the settlement has essentially stopped. Test ag
is continued until cessation is dictated by one u7 t:c following cr*:2 ia: (a) the
upplied load *. i, exceeded by some pre;elected amount the design load later to be




placed upon the soil; (b} sett' sment of the plate becomes excessive for the grototype .
structre !ater to be placed upen the seil; or (c) the wil fails to suopert the applied
load. Results of the load-settlement test are plotted in graph form, ard from the . .
graph may be determined the failure load and moduius of subgrade reaztion vaives,.
This modulus is useful in predicting settleme..: at loads less than failure. Usually, -

"it is spoken of as the "k value" of the soil, and it has the units pounds per square

inch per inch of settlement, So common has this test become that reasonably occurate
k values for many type: of soils at specified densities can be obtained from engineer-
ing handbooks. Also, conservative estimates of bearing capacities for various types
and conditions of soils have been tabulated. In addition, there are theoretical
methods of computing conventional, or static, bearing capacity of ¢ontinuous footings. -
Among the most frequently used of these are the Terzaghi formulas.” Semiempirical

adaptations of these formulas have been develcped for various footing configurations. - e

That for a circular footing, such as those of the experiments reported here, is as
fcllows: .

9, = l.3ch +v DN+ 0.6ery

fq

in which A = bearing capacity (load per unit areq)

1t

¢ = cohesion

v = soil unit weight

O

N, Ng, and N, are dimensionless bearing-capacity factors whose magnitudes
depend upon the angle of internal friction, 8, of the soil. Charts are avaitui e
which disclose magnitudes of the bearing=-capucity factors for various argies o7
Isiction for soils which are relctively loose and those which are relatively Jdense.
No :uch widely accepted formuins cre available to reveal the bearing zapazitiac
of soils loaded dynamicolly,

depth of footing (or depth of overburden)

Some invastigators have made theoreti zal predictions of soii hehavior urder
various assumed dynamic loads and have written extensive comguter progiams
utilizing those theories. Usuolly, a highly idealized soil is postuiated, anc he
behavior is analyzrd by = ying the presumed parameters of the idealized it To
determine the validity of the predictions, and to refine the theorrrical fechnicus,,
it is necessary to have some experimental data oliuiiied from tests < ,eal wils




which have been loaded by real or simvlated nuclear blastz. To provide such loads
frequently and economically ror many research purposes, the atumic blcet simulator
was developed by NCEL.® The blast simulator was used to generaic the dynamic
loads apglied during the plate-bearirg experiments reported here.

Test Apparatus ond Procedure

Blast Simularor, Reduced to its basic elements, the biast simulator (Figure 1)
consists of a test chamber beneath a cylindrical expansion chamber that contains a
concentricaliy piaced firing tube. Primacord, an explosive fuse material, is deto-
nated in the firing tube. Gases from the explosion are metered through hundreds of
small holes in the firing tube into the expans®an chamber. From there, the gases
pass through slots in the bottom of the expansion chamber into the test chamber,

- where they impose pressure upon the item being tested, The rest chamber is formed
by two flat steel plates (called "skirts"} which e::tend downward from the bottom
of the expansion chamber. The plates are parall+l, are 8 inches apart, and are
welded longitudinally along their upper edges to the bottom of the expansion
chamber. An item to be tested is mounted in an cppropriate monner between the
skirts, where it is subjected to ths pressure of the gases of the primacord explosion.
The rise-time ot the pressure, the duration of the peak pressure, and the character
of the pressure decay can be controlled. Beneath the blast simulater is g pit which
has reinforced-concrete walls and floor. The pit is @ feet by 10 feet in plan and
12 feet deep.

Soil Placement A screaned and dried river sand was used as the test soil
dump hopper through a chute similar to @ transit-mix concrete chute. |t was
sprend uniformly in 2-foot-thick layers, and 2ach layer was vibrated into place
with a Lazan oscillator mounted on an 18-irch-square wooden plate. The oscillator
was operated at 15 cycles per second with a force output of + 60 pounds, [t was
moveéd about the surface of each layer in a regulor pattern wnich pro.ide. - .oce
of vibration on all areas of the surface of the layzr. Afrer vibratniorn o cnel. !
the density of the layer wns measured in three places by the sand~cone - -2thod.
Fo.lowing each i'se of the pit for o bearing test, the sand was loosened by rand
shoveling to o depth of 16 to 18 inches and recompacted by operation of the Lazon
oscillator upon the surface in the manner previously described.

Approximately 45 tons of sand were required to fill the pit 1o the 9-kot
depth. The time required to remove and recompe:t this cmount of sand fo- eazh
loading of the be- ing .!.te was consiCuied probioitive. iharefore, the nro. m
of post-test surface loosening and recompaction was adopted. I* has beer @0 -
strated previously8 that sand can ke compacted ta tepths of manyv fret by vibration.




It was believed that the program of post-test loosering and vibratory recan.paction
would return the sand to o dersity condition near that existing when the cand first
was olaced in the pit and processed by vibration, Since the availabie method of
in-place density measurement {macdified sand cone) was nct considered very accurate
(see Appendix A), density was not measure. .ler each recompaction. Rather, a
systemctic routine of il recompaction was followed rigorously to produce compa-
rable initial conditions for scch test loadirg. The series of plate-becring tests
reported here actually was conducted during three ditferent time periods in the
test pit. Each time, sand was placed in the pit and processed as desc-ibed above.
The load~-settiement characteristics of the sand ware determined on a 15-inch~
diometer steel plate under static and dynomic loads. Additional dynamic load
tests were made on a 30-inch-diameter plate. Boin plares were 1 inch thick.

Figure 1. ™CZ_ stomic blast simulator with pit covers in plara,




Dynamic Tests. In essence, the uynamic platz-bearing tests wers ..ade by
placing sand to a depth of 9 tuet in the test pit and dynamicaliy ioadira g plate
on the surface of the sar.z, utiiizing forces generated in the biast simulatur. Pres-
sures in the simnulator were made o impinge upon a steel beam placed between the
skirts. Forces on the beam were transmitted down to the plate on ihe sand tarough
a vertical steel column welded to the bottom center of the beam. The weight of
the bcam and column loading device was 915 pounds. Downward movement cof the
loading system (and hence settlement of the looded plate} was detected by a linear-
motion potentiometer ond by a mechanical scriber traveling on o rotating cylinder
(see Appendix B, instrumentation). The mechanical configuration of the loading
system |imited total settlement to approximately 6 inches. The gross lcad on the
plate wos detected by o compression load ce'l placed berween the bottom of the
column and the steel bearing plate on the sand. Figure 2 is a schematic view of
the test arrangement. Loud and settlement information were recorded electronically
against the same time base ir a recording oscillegraph, Figure 3 is a facsimile of
one of the test oscillograms,

Static Tests. For conventional bearing tests, the soii preparation ond plate
placement were the some as for the dynamic tests, except that g hydraulic jack
was placed between the plate and the load cell. Static loads were applied by
jocking against the load cell, which transmitted the load through the loading
column and load beam to react against the frame of the blast simulator. Settle-
ments of the bearing plate were measured by dial-type mechanical strain gages.

RESULTS
Bearing Cagacity

The tests reported here produced lcad-settiament datc of static plate-bearing
tests on the 15-inch-diameter plate, :nd lood-time und settlement-time " 7eer vrne
of dvnamic plate-bearing tests on both 15-inch- dinmerer and 30=i.ch=im ot
plates. Various difficulties with the mountings and other accessories o *he
potentiometers usad for measuring plate seitiement made mosi of the ciec. onic
settlement-time records unusabie. Figure 3 is o facsimile of one of the few tests
made after the difficulty was corrected. However, the electromechanical rotating-
cylinder cscillograph (described in Apperiix B) functioned very well and poduced
good records of settlement versus time. Unfortunately, the time bases of the separate
electronic lood-measuring <ys:em and the electrsmechunical sertlemert mec surirg
system were nol ., ncinu.ized, and the sewslts can be anaiy zvd only in ters. of
loading 1a%es, settlement ratis, and peak loads versus peak sett! am=zne.. T’ 0!
lists these values for the 15-inch and 30-inch plor:s. Figure 4 i o graph of eux
unit load ¢ ‘e 15-inch and 30-incl. piates versus rate of plate _ettiement,




Correlation lines were determined by the method of least squares. There isa
considercble amount of scotrer on the graph, but the tendency teems te be toward
a faster rate of settlem: st for a given unit load on the 30-inch pic.2. This requires
future experimental confirmatior.

Figure 5 shows three graphs of static ioad~settiemant testz on the 15-inch
plate. The averag * :lure load for the three tests was 7.4 ‘ons per s-uare foot.
The density of the s.. 4 ot tha times of these tests waus approxitmtly 1121 pounds
per cubic foot as measured by the modified sand-cone method (Appendix A). The
angle of inlcrnal friction (Appendix A) was 43 degrees. Using these values and
the bearing-capocity factors from Reference 7, the bearing capacity may be
obtained by the Te.zoghi bearing=capacity »quation for circular footings:

LAy = l.3ch + nyI'T.q + 0.4y Ny

Since cohesion, ¢, and overburden, represented by Dy, are both zero, the first two
terms drop cut, and the equation bezomes '

sdr 0.6y 'Ny

| 3
0.6 (1121 1b/6)7.5 in.) (240) (=2 )
1728 in.3

i

7C psi = 5 tons pe- squcre foot

Cumparison with the averaga experimental result indicates the Terz.ighi
. equation gives a somewhat conservati-a value, As indicated in Appendix A,
there is some uncertainty about th.e magnitude of the unit weight of the sand at
tha time of the experiment. Trial computciions show that even ~* maximum
possibie unir weight, the bearing capacity as determined by the Verzaghi method
will be lass than the average experimental value.
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Figure 3, Facsimile ot dynamic bearing test oscillogram (No. 22~
on 15-inch~diameter plate.
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Figure 6 is a graph of £~ak dynamic unit lcads on the 15-inch plate versus
corresponding peak settierients »f the plate. The graph was obtained by plotting
the peak load and peok settlement values from each of eleven dynami= tests. The
permanent settlement of the plate in most cases amounted v 75 to 90 percert of the
peak sett!ement; but the peck settlement is .\1: critical value in shelter design, and
that is the value chosen for Figure 6. The figure shows the peak dynamic unit load
carried by the plate to be 196 psi, or 14.1 tons per square foot. This is nearly double
the average static experimental value of 7.4 tons per square foot. Figures 7 and 8
are photographs of the 30~inch plare before and after application of a dynamic loac.
They illustrate the punching type of action which was similar for all dynamic tests
in this series. :

Boa-l-ing Modulus

In cddition to the bearing capacity, the beari:ig modulus or k value also is of
interest in shelter design. If means are available to predict load on a fonting, the
k value will give some idea of the settiement to expect. Though these preliminary
experiments were made on circular plates on the soil surface, the relative values of
k for static and dynomic loads are significant. Such values of the secant modulus
at several amounts of settlement on the 15-inch plate are shown in Table 1. As
with the bearing capacity, the dynamic secant modulus values are considerably
iarger than the static values.

Table ~'. Compurison of Secant Bearing Moduli, k, of
15~-Inch-Diameter Plate Loaded Statically
and Dynamically ‘

Settlement Static k, Dynamic k, !
(in.) (psi/in.) (psi/” ° ;
0.25 160.3 796.0 ]l
0.50 137.7 226.0
0.75 126.0 184.0
1.00 108.0 156.0 i

13




Peok Dynamic Unit Lood on Plote (psi)
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Peak Settlement of Plate {in.)
Figure 6. Peak dynamic unit load versus peak settlement of
15-inch-diometer plate with no overburden,
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Most of the results rep--ted here pertain to ine 15-inch plate. Tests on the
30-inzh plate were not a: fruitiul. The relationship between appiied dy.samic load

- and plate settlement is not readily apparent from a graph of these d.ia for the larger

plate. This muy be expluined in part by the details of the experimental procedure.
Most soil mechanics texts coniend that wha.: u footing is loaded the major portion
of the soil-stress increase beneath the footing takes place in @ zone extending from
the soil surface to a degth uf 1-1/2 to 2 times the width of the foctirg. In that
Zone, an additional effect is an increase of soil density, or unit weight. Such a
density incrence means that subsequent loadings will produce successively less
settlement per unit of applied load on the footing. In conducting experiments to
determine the relationship of dynomic load to settiement, the cumulative effects

of the loads upon subsequent test settlements are undesirable. Preferably, each

test loading should be made upon a soil mass which has had the same foad history
as ail others in the series. Time und cost precluded: the provision of o new soil
mass for each test in the series reported hare. Consequently, the previously
described program of surface loosening and recompaction followed each test load-
ing. This repro.essing to a depth of 16 to 18 inches was somewhat effective for
the 15-inch plate, since a large percentane of the zone principally affecting the
plate behavior ~as retumed to a density reasonably similar for all the tests. How-
ever, the zone of significant density increase under a loaded 30-inch plate might
extend to a depth of 5 feet. Reprocessing the upper 18 inches would not be
sufficient. Such apparently was the case, as may be seen in Figure 9, which shows
the dynamic load versus settlement of the 30-inch plate. The number at each daia
puint indicates the chronological order of the tests. Those marked with a -ubscript
"a" were not niode u.ring the wume test period as the athers. That is, the st gis
was emptied and refilled between tests marked “8" and "la.” It is nominally true
thot the pretest load history of point “1a* wos similar to that of point “1." The
envelope shown by the dashed lines on Figure 9 is an estimate of the range withi.:
which a graph of dynamic load-settiement would fall if each test had been made
on sand previously not used for a test loading of @ 30-inch plate. Being an timate,
the graph shown in Figure 9 is only of minor interest; but if the £~ joing reoi.
is coirect, then the envelc de shows qualnohvely tha il d;..amic k valie g oreaues
with increasing plate size. This may be seen in concept by cmparing tigures & ord
9. Such a relarionship between siatic k value and plate size is well estal!ished.?

" ASSESSME! IT OF TESTS

The objective of the v _rk reported here wne to nbtain some prelim:
comparisons of static varsus dynamic bearing behavior of sand while ev~!ua: g the
L'ast simulator as a soil-testing device. The rember of variables which ultimalel,
must be investioated is very large. For this limited tricl, they pu.posely were kept

16




to a minimum. Only one type o: soil was used, and attempts ‘were made to maintain
constant soil density from t=:¢ io rest. Using dry sand circumvented the necessity of
evaluating moisture effects. Two sizes of circular bearing plate were used. However,
only the performance of the 15-inch plate hos been emphasized, Twe types of load-
T ing were used. The static loading method was that which has long been employed for
: building=site investigations, The dynamic loads were :imple triongulor puises with
sharp nse and exponential decay.

e included among the mony factors which must be investigated are (1) the effects
‘, ' of footing size, shape, rigidity, and inertia; (2) soil properties, including the magni-
- tude f the mass involved; and (3) load charactaristics, including inertial effects of

i masse, transmitting the loads. After evaluation of these effects, some of which are

now heing investigated at NCEL, the results will .be compared and combined with
the work of others, and attempts will be made to f"\'mulate theoretical explanations
of footing behavior.

The blast simulator facilities at NCEL provide an opportunity to make soils
studies in o larger volume of soil than can be utilized at most laboratories. This
. alleviates, but does not eliminate, undesirable boundary effects. A closer study
= of those boundary effects is a planned part of future experiments,

In general, the blast simulator worked very well as a loading deviss for the
bearing plates. The magnitude of ovailable dynomic foad was ample for the size of
footing which reasonctly can be tested in the simulator pit. Difficulty was experi-
enced with some instrumentation mountings (Appendix B), but that difficulty ias been
corrected. A more serious problem was that of controlling the soil conditions.
Pouring the s0il into the pit through a chute created some grain-size segregation,

! , and undoubtediy contributed to nonuniform density dist:ibution. Some auxiliary
o - effort is needed to perfect nandling and placing techniques for the 40 to 50 cubic
i : yards of soif used in these experiments. To this end. some auxiliary tests alrcsy
. have been completed. 10

With regard to a gain of il dynamics information, severul commeats may be
made. The numerical values deveioped in this preliminary study aie useful primaiily
fer indicating trends. In part, this is due to the probable errors in data from the
30-inch~diameter plate tests assumed to have veen caused by the cumulative
increases in density at significant depths beneath the plate, The .asts on the
15~inch-diameter plate are more reliable. The limiiation in usefuiness of both
sizes results from 1. ratu.e .1 the experinicnts; i.€., the teste were loads cis
surface footings, a situation not widely encountered by designers of pro.. Y-
structuras. The 15-inch plate tests do serve to tlow that, under the soecific
conditions of ' oe tests, the settiement wus much less under dynamic load thon




under equal static load. Rise~times of the dyncmic loads an the plat: were on the

order of 0.01 second, and " od durations were on the order ¢ 1.0 second. The
. natural period of the sand iz estimated to have been approximat=ly 0.065 o 0.075
secund, based upon extensive vibratory compacticn experiments made upon sard,8
Even in dry sand, which reaches a state of equilibrium under a :tatically loaded
plate foster than othe, soi's, a dynamic load should not produce os much settlement
as an equal static load unliess the duration was several hundred times as lang os the
natural period of the soii. Detonation of nuclear weapons does not produce {cads

P

: of such durarion. Furthemore, the inertia of the soil would tend to reduce settle-
ment under 1 dynamic load. Therefore, it is reasonable to cenclude that comperative
values of dynamic versus static lood-sattlement disclosed by the test« reported here

_ for the 15~inch plate are qualitntively similar to results that would be experienced

> in the field under nuclear~detonation loads versus static loads.
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FINDINGS AND CONCLUSIONS

1. The NCEL blast simulntor and test pit are usefui for conducting -*atic and
dynamic plate-bearing experiments ¢n soil,

2. The dynamic bearing capacity under the 15~inch-diameter plate was approximately
90 percent greater than the static bearing capacity; i.e., 14.1 versus 7.4 fons per
square foot,

3. The k val.z for the dynamically loaded 15-inch plate was higher than for the
statically loaded 15-inch plate; e.g., at a settiement of 0.5 inch, the dvnamic
k = 226 psi/inch and the static k = 137.7 psi/inch.

4, Though the results of tests on the 30-inch piate are questionable, the indications
are that the dynamic k values for the 30-inch plote are less than for the 15~inch
plate. This parallels accepted knowledge of statically loaded plate behavior,

5. Agoin with regé;\;a:ions about the 20-inch test results, the dynamic unit bearing
capacity of the 15-inch plate is greater than that of the 30-inch plate. Tiiis also
porallels accepted knowledge of statically loaded plate behavior.

FUTURE PLANS

The tests reported here were intended, in part, as preporation for more
sophisticated experiments, reports of which wil! be forthceming. The long-ronge
plan for dynamic bearing capacity research under this task includes investigations
of the etfects of overburden, type of footing, and soil cohesiveness. The next
report in the series will be concerned with a spread foohing loaded statically and
dynamically on dry sand while under various amounts of overburden. Following
that will be studies of a wall or strip froting loaded statically and dynaricz
on dry sand while under various amounis of overburden. Farticuiur einpnaes o7
~e placed upon tests of a strip footing having overbuiden on une side or’ -, us
would be the usual case for the footing of a buried structure.

The effecis of soil cohesiveness may be studied experimentally or anolytically.
If done experimentally, the initial tests piomuoly wiil be made on sand which has
apparent cohasion cuused by the introduction of moisture. [t is et yet certa'n
whether it will be physically and economicaily feasible I use u true cohacive soil
for bearing capacits exner’ =e.urs in the MCEL Lia.r simulow: test pit. Hencs
analytical techniques may be employed, in conjunction with the resolte i be s
on noricohesive dry sand, to estimate the effects of cohesiveness.




in future tests in the blast simulator test pit, the width of footing tested will
be limited to 12 or 15 inches. This wili pemit reprucessing the princigaliy offected
strata while keeping the depth of necessary reprocessing within reasonahie limits,

Improved methods wil! continuc to be sought for placing soil in the test pit
so that soil conditions will be uniform threnict.out. Also, better meth-ds witi be
sought to measure the rrue unit weight of the soil in piace. For example, o
technique of sieving the soil into place is being evcluated for providing uniform
density and nonsegregation of grain sizes. Nuclear wil density meters are being
considered as a method of measuring density without disturbing the test soil.
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Agpendix A

SO!L PROFERTIES

The sond used for plate:-bearing tests and certain other soil-struzture
‘‘nteraction experiments at NCEL is taken from the bed of the Santa Clarg River
in Yentura County, Califarnio. After being screened and dried by the processer,
it is stored in indoor bunkers until placed in the NCEL blast simulctor test oit.
Since the blast simulator is on indoor facility, the sand has little contact with
outdoor atmosphere. Consequently, it remains quite dry throughout the experi-
ments. After severai weeks in the test pit, the maisture content of the sand ot
the end of any test period never reached 0.5 percent through absorption from
the atmosphere,

Severa! scparate shipments of sand have been sampled fiom time to time
over a period »f several years und found to have remarkably constant grain-size
distribution. That distribution is shown in the graph of Figure A-1. The maximum
size of the sand is 2.5 mm. The effective size is 0.21 mm, ana the uniformity
coefficient is 3,

Auxiliary experiments have been made with the NCEL test sand os port of
NCEL Task Y-F008-08-03-402 "Fundomental Behavior of Soils Under Time~
Dependent Loads,” These have included determination of specific gravity, water
pemmeab:lity, ocne-""mensiorx | consolidation, and angle of internal frictizn. Some
of thesa values are listed in Table A-1. '

Some difficulty was experienced in placing the sand uniformly in the test
pit. Every effort was made to spread and compact the sand to ~ homogeneous grain-
size distribution and a uniform density. Random thin strata of size-segregated
particles were encountered during d«nsity-meas.rement operatizns. |mp=r.an
placement techniques are necessary.

In-placz density, or urit weight, of the sand was mea.ured by a m .thod
similar to ASTM Designation D-1554-58T, "Density of Soii in Piace by the
Sand-Cone Method." Since the sand used for the bearing tesrs was dry, it was
impossibls to excavate a hole which wo.ia retain its <ize and shape for voisme
determination with the sand-cone apparatus. [t was necessary to modify the
density -measuring apparatus to the extent of aiding a =ylindrical preie~tion to
the “sttom of tie plute vsed to subpait the senu cone. A batch of the gzt ratus
is shown in Figure A-2. in use, the cylinder wus inserted into the ¢oil an- e
cone-support plate was pressad downward unt.} ne bottom surfece of the plate
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just contacted the soil. Soil then was excavated from within the cylinder. The
cavity thus formed was bockfiiled with sand of kaown unit weigh? using the sand-
cone method mentioned previously. The cciibrited sand used for backfilling was
Ottowa Sand, ASTM Designation C=190-59, The unit weight of the tast soi! in
place wos calculated using the weight of w.i sxc~vated and the we.ght of
calibroted sand used for backfill,

The volume of a cavity as determined by the sand-cone method is reasonably
accurate.' ! Aisc, the weight of scil removed for o density determination can be
measured with great cccuraey. However, the =il was disturbed by the necessary
use of the cylinder to support the cavity wail during mxcavation and volume
measurement, This disiurbance was considered great enough, in the tests reported
here, to affect the density determination. The avercge density of the river sand
upon which the NCEL plate-bearing tests were mode ~as 109.1 pounds per cubic
foot. This value wos determined by the modified sand-cone method just described.
The maximum and minimum densities of the river sand were found expenmentully
to be 114.7 and 95.0 pounds per cubic foot,

In anofher experiment at NCEL which has not yat been reported, sand was
p'aced ‘n the biast simulator test pit in 3 marrer similar to that reported here for
the plate~bearing tests. In-place density was measured in the minner reported
here. In addition, o log was kept of the weight of river sond placad in the pit.
Measirement of the dimensions of that portion of the pit occupied by the sond
permitted celculation of the volume and, hence, the density of the sand in olace.
[he scind-cone-cylind r methoc indicated the density to ke 113.1 pounds pe-
cubic 1uot. The weight log and volume measurement mathod revealad the density
to be 106.7 wounds per cubic foot. OF course, theze dara are insufficient to
pravide o correction factor to the plate-bearing-tesi dansity <ata. They do
provide avidence of the direction of the arror. -

Knowledge cf the true density of tha sand at the Nm':s of the saring rest
was not as important as uniformity of the density from siace W plu..e in e pir
and from test to test. As stated in the ~ain body of ris report, an atter. Pt '
achieve a homogznacus density sattem was mede By rigonrously adharing o a
systematic pattern cf. placement ond vibeation, 3erween terts, @ routine of
surface loosening and revibration was foliower,

For future tests requiring the use of lurge volumas of seil, bairer method:
of placement and compaction are required. Also randed is @ more reliable
method ~ in-place uensity measurement,
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Table A-f. Fundamental Physical P-operties of Soil
Used for Plate~Bearing Tests

Type of soil v sond
Secant modulus of compression

{consolidometer) at 50 psi: .
at density = 105.8 Ib/f3 6,500 psi

at density = 111.9 Ib/f3 10,100 psi
Moisture content 0
Cohesion 0
Angle of internal friction ©43°
at density = 111 Ib/ft3
Specific gravity 2.62
Maximum grain size : ' 2.5 mm
Effective size, Dy . 0.21 mm
Uniformity coefficient 3
Permeability

at density = 95 Ib/f3 : 0.0126 in./sec

at density = 105 lb/'ft3 0.0096 in./3ec
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. Appendix B
INSTRUMENTATION

Cnly two basic measurements were made during the conduct of the bearing
tests — the load on the plaie and the settiement of the plate. For the dynamic
tests, the load and setilement were recorded against a time base,

Plate settlement during static testing was detected by one of two methods,
The first was the conventional use of mechanical strain dials. Four were used,
and they were placed to detect vertical motion | inch from the edge of the plate
on each of four radii 90 degrees apart. The other method of settiement measure~
ment involved replacement of the strain dials by a Bourns Model 108 1&~inch-stroke
linear-motion potentiometer. [t was connacted to g four-amm bridge circuit. A
schematic of the circuit i< shown in Figure B-1. Motion of the plate, and hence of
the potentiomet:r stem, coused an unbalance in the bridge. The unbalance was
measured with a Baldwin Type M SR-4 strain indicator. Precalibration of this system
against measured motion of the potentiometer stem permitted later conputation of
the plate settlement. The mecharnical strain dials are quite satisfactory for static
tesis, but the potentiometer was used as a trial for planned future static tests in
which strain dials will not be usable. The potentinmeter functioned very well for
the static tests,

For ihe dynami te:ts, the strain dials naturally could. not be used. Initead,
the 14-inch potentiometer was used in conjunction with the four-arm bridge.
However, automatic recording of the dynamic settlement was necessary, and this
was done with a bridge amplifier and recording oscillograph. The electronic
amplifying and recording equipment was manufactured by Consolidated
Electrodynamics Corporation (CEC)., A CEC Type 1-113B carrier amplifier ¢ ..d
a CEC Type 7-323 galvanometer were used, This amplifier, witk . cizted porv .
supply. is designated "System D" by the manufacturer, Toe 0ist tesrs urii’zéd a
CEC Type 5-114 recording oscillograph, Later, this was replaced by @ Ji€C

- Type 5-119 osciliograph, - This eguipment is capable of monitoring dynamic

phenomena having frequencies up to 600 cycles per second, which is quite ade-
quate for these experiments,

Considerable gifficulty was experienced with potentiometer wountings
during the dynamic tests. These roblems were not attributable to the pote.ri
ometer. The flexibiiity of the mountings and the mass of the moving parts of - @
potentiometer, though small, produced vibrations i the settlement-measuring
system, These vibrations obscured many of the oszillogroms of plate settiement
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: to the degree that they were unusable. (Toward the end of the series of tests, the
' trouble was corrected. The p-.tentiometer has worked well on uther NCEL experi-
ments not reported here ) A supplemsntary electromechanical device was used in
. coniunction with the potentiometer ‘o provide a settiement-time record in the event
of failure of the primary potentiometer system, Because of the diificulties mentioned
: earlier, the supplementary device actually became the primary mea:s of measuring
o plate settiement. This supplementary device, whic!: may be considered as a rotating-
cylinder oscillograph, was developed by personnel of the Structures Division, NCEL.
It consists of a spring-looded pencil, and a paper-covered cylinder which rotates at
@ constant k..own speed fo provide a time bose. In use, the cylinder wos so oriented
that the spring-loaded pencil, which was attached to the plate-bearing-test loading
mechanism, traveled parallel to the axis of the cylinder. The pencil scribed a mark,
the excursion of which wos equal to the settiement of the bearing plate. Rotation
of the cylinder provided the time base from which rates of settlement were computed.
This device was not coupled to the load-recording osciilograph, hence the time bases
for load and settlement were not synchronized. This precluded anclysis of the dynamic
test data in terms of lood versus settlement at any particular instant of time. However,
a study of maximum load versus maximum settlement was possible. Also, it wos possible
to study load-time and sett!ement~time phenomena independently.

Static plote loads were measured with a Baldwin Type C SR-4 compression load
cell, The load cell was placed between the reaction column and the hydroulic jack
" used to apply the load. The electronic output of the load cell was read on a
Baldwin Type M SR-4 strain indicator. The load cell was previously calibrated with
the Type M indicator in a 300-kip compression-testing machine.

Dynomic loads olso were measured with a Baldwin Type C SR-4 load cell.
For some of the tests, a 100-kip~capacity cel! was used. For others, where dictated
by anticipated load, a 200-kip cell was used. During dynamic tests, the load cel!
i was operated through CEC “System D" equipment and recorded with the potentiometer-
e ‘ measured settlement data against the same time base in the recording osc®tinare.’
The load cells also were calibrated staticaily with the "System L wpprance o
300-kip testing machine,
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