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138 D=13

Eaoh of the ten samplas oontained grains within the range of two successive soreens of the standard
Tyler serles. Each of the samples after soreening was oarefully washed to remove all fine material and
was oven dried and stored in desiooators until tested.

TABLE A

CRUSHED QUARTZ, LOOSE STATE

Grain Size in mm Sieve Nos. Test Nos. Tan @ ?
L.699-1,451 Through 4t on 10 196-21L 0.7552 37%L"
1,451~ .833 " 10" 20 215-23l 0,542l 320l 3"

«833= 589 " 20" 28 60=99 0.60L5 31009"
589=- J17 " 28" gg 100-121 0.6168 31040"
Ja7- 295 " zg n 121-140 04615 31045"
«295- ,208 " "5 150=170 0.6335 32021"
«208= 47 " 65 " 100 171=1 0.6?;92 3390"
JAl7- Jl0h " 100 " 150 220 0.6715 33053"
.10L- 074 " 150 " 200 251-268 0.7059 35013"
«07h= " 200 270-291 0.748L 36°L9"
Tyler Standard Soreen Soale Sieves (See Fig. 10) Area Sheared = 120 o

Approximately twenty-five tests were made on emoh of these ten grain sizes umder four different
normal loads. The average ratios of the horizontal load to the vertioal load were plotted in the manner
shown in Fig. 5 and the resulting value of the straight line relatiomship was plotted in Fig, 10 against
the average grain diameter. The results obtained, as showm in Fig. 10 are rather unusual, Sufficient
information is not available at the present time to draw any oonolusions from these results., It is very
possible that the degree of angularity or sharpness of the grains varied with the grain size., In order
to arrive at definite oconolusions results of similar tests are now in progress on the orushed quartz in
the dense state and on round grained Ottawa sand in the loose and dense states.

Aolmowledgement. The author is indebted to Dr. A, Casagrande and P, C. Rutledge for suggesting the sub-
jeot of this investigation and for their assistance in the design of the apparatus.
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No, D=1} PROGRESS REPORT ON RESEARCH ON THE CONSOLIDATION OF FINE~-GRAINED SOILS
Hawmiltor Gray, Researoh Assistant in Soil Mechenios
Graduate Sohool of Engineering, Harvard Unlversity

During the last year and a half an investigation of the differences between the theoretioal and the
empirioal one~dimensional oonsolidation prosess of fine-grained soils has besn in progress at the Soil
Mechanios Laboratory of the Harvard Graduate Sohool of Engineering. While the evaluation of the results
is not yet oomplete, an outline of the work may prove of interest, and stimulate further investigatlons
in this bransh of Soil Mechanios.

Theoretioal Considerations. TUp to the present time, the theoretioal time-oonsolidation relationship
whioh has found extended use is that resulting from the solution, with the proper boundery oonditioms,
of the following differential equation:

Ap _ 2 K_.9p
aQ3F = §z(l+e 3z (1)
under the oondition that a apd _ X are oonstants, p is the pressure in the solid matter, k the per-

l1+oe
meability, o the void ratio, and a the oocefficient of oompressibility. This equetion, the same exoept
for the ocoefficients, as that established by Fourier for the flow of heat, was first developed in oon-
neotion with soils by Tertaghi (Erdbaumechanik), Sinoe in reality the ooceffiolents are not oomstant,
but funotions of p, this solution is necessarily an approximation, though e very good ome provided the
totael ohange in e wnuer the load inorewment is not large. This solution is well-lmown and the results
are given hore merely for the sake of olarity.
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Q 1is the degree of oonsolidation of a layer of finite
thiokness ( = 2Hy(1 + e)), drained top and bottom, po the
ultimate stress in the solid matter, p; the initial stress
in the solid, and p the stress in the solid at any time
during the prooess of oonsolidation. The graph of (ii) is
ABC in Fig. I, for the oase k 0.01

L ] L J

al + o)

While the k, a, and e wvalues are ohan,iing during the
oonsolidation process, the ratios a and & + e) are

praotically constant for most fine-e,rained soils.

Using a transformation devised by Van Dusen (Bureau
of Standards), the author has solved the general differen=
tial equation (1) for the ocase wherein the coeffiocients
are funotions of p, subjeot to the restriotion that
st o)

k
(M. A. Biot has previously solved the same problem for
a layer of infinite thiokmess. Annales de la Soo, Soienti-
fique de Bruxelles, Serie B, 1935.) The result for a finite

= a oonstant, and for a laysr of finite thiokness.

layer is: 2 7
| e /)7 (2t1) 7K
U=u, ~ "(Uz u) Z(znﬂ) 1_5”7 e 4alite)te @)
- a(lte)
where [—'a'/o ,and = —x a oonstant,
oI5 2

F
Since empiriocal pressure-void ratio curves have the

form: e = e, - 0 log p, and since a = -:_ezg, one may
P P
write us = oy 22 , whenoe (2) beocomes
P
)
(2nt1) 7/1/?4.

(113) Jog £ ﬁ (/og /zzmﬂ) 5m—11’ ]e ~Zalie)Rt ¢

The oorresponding expression for Q cannot be easily
obtained in this oase, but the Q=t ourve can be plotted
without exoessive labor, This new curve differs from the
solution (1i), but not greatly.

Empirical Results. The ohief difference between any the-
oretiocal Q-t ourve and empirical consolidation ocurves is
the so-called "seocondary time effect"., The meaning of
this term is made olear in Fig. I. This effect has been
noted and desoribed by numerous observers, not only in the
laboratory but in field settlement records. It is found
to a greater or less degree in all soils, but is most pro=
nounooed in solls oontaining organio matter. For a given
soil it 1s less marked on the reocompression branoh than
on the virgin brench of the pressure-~void ratio diagram.
Remoulding also tends to reduce this effect in those soils
whioh undergo a definite siructural ohange when disturbed.
It appears that the magnitude of the seoondary compression
is a funotion of the type and quuntity of the organio con-
tent of the soil, modified by these other oonsideratioms.
The ocurves in Fig. IT and IIa show the types of time-
oonsolidation curves observed for different materials.
Temperature variations have a fundamental effeot on
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the seoondary portion of the Q-t ourves. The influenoce af this fasctor is explained in Fig. IIb. By
running tests on the same material at different temperatures it is found that the portion ED, of the
empirical curve is generally steeper for those tests which are run at high temperature. This difference
is not alweys very great, however., Fig. II1 and IV indioate how this phenomenon influences the pressure=-
vold ratio ocurves. It should be noted that those materials whose pressure~void ratio relations show the
groatest sensitivity to temperature show also the greatest difference between the slopes of those por=
tions ED of the time ourves. Sinoe unloading and reloading a soil may disturb its struoture, an effeot
like that shown in Fig. III may ooour without any temperature change. Henoe it is possible to be de-
oeived by suoh a soil beocause the temperature effeot shown in Fig. III would be exaggerated end that of
Fige IV minimized. In some soils the pressure-vold ratio diagrams are not at all effected by tempera-
ture differences, but in others, consideration of this faotor leads definitely to more preoise results
in making settlement analyses.

In order to determine aoourately the characteristics of & soil for use in practioal settlement
analyses, it 1s necessary to lmow what the empirical G-t ourve would be like 1f the secondary effeoct did
not exist., Laoking a theory whioh considers this effeot, we must be able to compare the experimental
Q-t curve with a theoretiocal curve which has been adjusted in suoh a manner that it simulates the ex-
perimental one. The following method hes been found satisfactory. Referring to Fig., V, the "origin"
ourve has been found to reflect the properties of the Q=t curve in suoh a menner that ome is enabled to
deteot readily eny deviation from the theoretical shape. Inspection of experlmental Q-t ourves shows
that usually their:shape coincides with the theoretical during the early stages of the comsolidation
process, We mey therefore assume that the secondary effect 1s negligible umtil the comsolidation has
reached a definite point., But sinoe the material nearest the dreinage surfeces oonsolidates first, it
is reesonable to suppose that the seoondary effect will be felt first in the outer (i.e. most quiokly
drained) portions of the soil. Accordingly the Q=t curvos for constituent layers of the soil mass have
been computed, Fig. VI.

The process of altering the theoretical Q-t curve is in its simplest form as follows, A seoondary
offect of the type expressed by the line, ab, of Fig. VI is assumed to begin at any point of the soil
as soon as the consolidation at that point has reached same definite value, say 9. This oorresponds
to point o in Fig, VI. Another practicel essumption would be to start at a point where a parallel to
ab is tangent to the ourve. Thereafter, the ardinates to the curve, ab, ere added to the elemsntary
Q~=t curves as showm In the figure, This is done for all the elementery layers, and the average found
graphically, i, e. by scaling the ordinates at eny time and finding their everage value., This average
gives us the adjusted Q-t curve. By varylng the shape of ab slightly and by assuming its effeot to
start at various values of Q & number of different adjusted ocurves are obtelned., Each has a character-
istie origln owrve; end fram them one may approximate with fair acouraoy any empiricel ourve whioh has
a point of infleoction as in Fig. II and Ila, A. A ourve suoh as B, Fig. IIa oannot be so surely imi-
tated. Such soils are exceptional and ordinarily make suoh poor foundation material that ome would
never found a struoture of eny oonsequence upon thems For those soils whioh are ordinarily encountered
it is possible to separate the comsolidation process into two distinot parts from one of which, the
theoretioal, we may determine the desired soil oharaoteristios by means of known methods.

Acknowledgement. This subject was suggested, as providing suiteble material for research, by Prof. A,
Casagrande. Nany of the methods employed in this investigation were originated by him. Mr. D. D. leslie
oomputed the ourves of Flg, VI and otherwise aided in the investigationm,




