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NOTATION

Dimensions are given in terms of Force (F), Length (L), and Time (T)

a ---(L) One half spacing of soil drains

c -»(E F ) Modulus of compressibility or slope of void ratio
pressure curve

8 == Void ratio, volume of voids per unit volume of solid
goil particles,

€ o= Base of Naperian Logarithms, differentiated from void
ratio by context

d --(Fi.-s) Unit weight of water

Hy --(L) Hydraulic head

H «=(L) Depth of soil layer

hy ==(L) Totel deformetion or settlement at time ¢
ht% - Degree of consolidation

k «(LT-]') Coefficient of permeability

m -ﬂ(I.zFul) Modulus of volume change

M -m(LzT‘l) Modulus of consoclidation

-2
p =~(FL ) Pore water pressure - pressure in excess of hydro-
static pressure

8§ == Hydraulic gradient

G5 ==(FL™ ) Unit soil pressure causmg consolidation
6z --(FL ) Unit imposed load pressure on soil layers
T == Dimensionless, time factor of consolidation

t -=(7) Unit time



INTRODUCTION

The phenomenon of consolidation or the settlement of soils under
load is well known to civil engineering practice in all works dealing
with earth movement and foundations. Unlike true elastic materials,
this deformation takes place at a variable rate over an extended
period of time and is especially apparent in clays saturated with
water, This phenomenon was first explained by K. Terzaghil who
assumed the soil mass to be an elastic porous medium with voids
filled with water or the concept of a saturﬁted rubber spongee. The
deformation of such a mass upon application of a load would then be
variable, depending upon the rate at which water was forced from the
voidss The application of mathematical analysis to this concept led
to the complete solution by Terzaghi for the one dimensional process
to be followed by the studies of M. A. Biotz, L.'R.endulic3 and N.
Garillo4 dealing with the three dimensional case,

Within recent years, the construction of earthworks of comsiderable
size upon foundations of saturated clay has stimulated interest in the
practical aspects of the three dimensional process, in particular to the
method of using vertical sand drains to accelerate the consolidating
process and thus effect rapid stabilization of deep layers. Such
stabilization‘becoﬁes of cénsiderable import for foundations composed
of saturated clay masses in which, with increasing loads, the shearing
resistance soon becomes less than the shearing stress with consequent
failure ﬁhrough plastic flow, This decreased shearing resistance is
due, in large part, to the entrapped pore water, the rapid draining of

which would allow more rapid construction of a stable fill. It is

—]—



apparent that this end cen be accomplished by reducing the length of
flow path through the provisibn of drainage surface in three planes,
Figure 1 and 2 illustrate in plan and front elevation respectively,

the usﬁal scheme of vertical send drains to accomplish this purpose.

The use of vertical sand drains to effect deep soil stabilization
probebly found first application on the European continent, there
being records of its use, with good success, in the construction of
the Cenal du Nord5 in the Somme Valley. In this case the soil formation
consisted in main of peat marsh and drains were spaced approximately
sixteen feet apart, apparently an arbitrary estimate for spacing.

The California State Division of Highways has been foremost in
Ame}ican practice in the use of sand drains, principally for highway
construction. Such uses have been reported by 0. Je Pbtters and
Ge Re Halton7, both of the California Division of Highways. Halton
lists the most Importent effect as that due to the generally greater
penmeabilityvof soil masses along horizons or bedding planes made
available by the penetration of less pervious beds by the sand drain,
This is especially applicable to most California alluvial fan formations
which have been laid down in alternating beds of clay and silty sand.

He offers criteria for spacing as a function of height of £ill, listed

&
as follows:
Height of Fill Surface Ares of Foundation in SQ.FT. per Drain
Less than 12 feet No drains
12 feet to 20 feet 200 square feet
Greater than 20 feet 150 square feet
Less than 12 feet at abutments 100 square feet
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Though no claims are made as to the relative efficiency of this
criteria, it should be noted that it is quite general in nature in
that properties of the soil and relative time lengths are neglected.
However, his article is most valuable in its detailed description of
the method of construction of drains for highways in the Terminal
Island area, Los Angeles, California

Apparently the first and only published exact criteria for
vertical sand drain spacing hes been derived by Terzaghis in
collaboration with L. Rendulic. The end product of this analysis
is presented in the form of two curves fixing what can be considered
as the extreme upper and lower limits of spacing but leaving the
region between these limits subject to estimate through interpolation,

The results of Terzaghi and Rendulic are no doubt based on a
rigorous mathematical treatment as such is indicated by the presenta-
tion of the basic differential equation in Terzaghi's text bOOkse

Because of the general ps.ueity of analytical information on
this subject, it will be the object of this study to outline the
development of the exact analysis and, because of the unwieldy nature
of consequent evaluation, to present approximete criteria with
laboratory tests to determine physically the validity of assumptions

and analysis,



RESULTS

As Analytical

Appendix A presents the development of exact criteria which
wag not carried to conclusion because the time element required
for evaluation was not within the scope of this study.

Appendix B presents the derivation of approximate criteria
based on a simplifying assumption, the results of which are
presented in Figure 3.

By considering the consolidation of an infinitely long,
right circular cylinder, draining at all surfaces, (3:;:'1}.103 has

shomn that the following equation holds for the pore water

pressure:
L = 2 o x A
~ “> ~

Where P, equals the initial pore pressure, P equals the resultant
pore pressure and Pl and Py equal the pore pressures due to three

dimensional flowe

In terma of degree of consolidation, this relation becomes

Where /4, 7 equals the total degree of consolidation due to
combined linear and radial dreinage and x> % and /7£2y 7
equals the degree of consolidation due %o vertical linear

drainege and plane radial drainage respectively



With the above relation, the influence of vertical sand drains
on the rate of settlement can be computed, using the results of
Figure 3 and those for verticel drainage as found in Figure 98,
Krynine®s textbookg.

To illustrate, assume the following data: depth of clay
layer H ééyal to 15 feet, spacing of sand drains equal to 15 feet,
(a equals 7.5 feet) and that the formation is isotropic or a
uniform modulus of consolidetion, M. It iz desired to determine
what the total degree of consolidation will be when‘the consolida=
tion without sand drains would be 40 per cent,

From Figure 98, above reference, for rectangular pressure
area and /72;*‘70 =90 » T is found equal to o IRT7 |

" Then

e L7 - , /
7= fi;75 # o’
A= 2277

AT

Substituting this value of t in the time factor, T, for plane

radial drainage, Figure 3

- A7 S = ColR7 K7 = 2S28
7= a2 AT

Entering Figure 3 with this value, /4, Z» is obtained

Xy
as 56 per cent,.
Evaluating for the total consolidation
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or the presence of drains increases the degree of consolidation at
time t from 40 to 74 per cent.

If greater permeability occurs along horizontal bedding planes,
say Az, = @A then /"(z)/= A A% end the time factor for radial
flow is

- , 77 = Loa2
= Mty £~ = R AMzg x 2/27 ,
T o o AT g

¥

or a resulting value of 84 per cent for the total degree of con-
solidatione

It is thus evident that sand drains are more effective when
permeability of the soil mass is greater in a horizontal than in a
vertical direction, a condition that usually exists because of tha

deposition process of formation of sedimentary silts and clays.

Be Experimental

The results of laboratory investigations, as a verification of
Figure 3, are given vin Appendix 3. The comparison between theor-
etical and actual values as illustrated by Figures 9, 10 and 11
resullt in reasonable agreement., The assumption on which the
results of Figure 3 are based could only, at best, result in an
approximation to the mean for all values of draiin spacing. The
‘experimental results point to this fact in that both cufve shape
and absolute values trend to closer agreement with increasing
values of drain spacing. Thus, it is reasonable to assume that a

point of maximum accuracy could be obtained followed by increasing



inaccuracy for larger values of 2a, Further laboratory work is
necessary to delineate this spectrum.

Because of experimental difficulties in obtaining consistent
values for X, the coefficient of permeability, it is desirable to
point out that the intrinsic accuracy of any analytical criteria
is dependent upon M, the modulus of consolidation, which is in
turn a direct function of K¢ This fact should be considered in

the evaluation of accuracy of any methode



CONCLUSIONS

lo Vertical sand drains are an effective aid in accomplishing
the rapid consolidation of foundetions composed of satursted,
loosely consolidated soil masses of low permeability.

AZ. The effectiveness of sand drains is due to the following
major factors:

(a) Provision of drainage area in a vertical plane with a
reduction ini the length of flow path of the pore water,

(b) Making available/the generally greater pe rmeability in
the horizontal direction or along bedding planes by puncturing
impervious horizontal layers that serve to check flow in & ver-
tical direction.

s The theoretical effect of sand drains agrees closely with
experimental resultss |

4, The criteria presented within this study offers a means,
within limits of design accuracy, for computing the optimum
spacing of drains when the soil characteristics and desired rate
of loading are known,

50 Through the savings of yardage lost through fill glumping

and the gain in time required for the construction of stable fills,
the ﬁse of sand drains isreconomically justifiable from the stand=-
point of both time and expense, They should require ready appli~-
cation in military engineering work vhere strategic and tactical
requirements militate construction of roads and air fields across

mersh landse !

—_— 0 -



APPEBDIX””A

Development of Exact Criteria

i‘he object of this analysis is to develop a relation between
;bhe rate of consolidation of clay layers as a func‘cién of time,
s80il characteristics and linear dimensions when flow of pore water
is iﬁto vortical céntral well or drain. |
The limitations of the following assumptions concerning the
basic properties of the soil mass will apply:
(1) Tﬁat Hooks ]awa.ppliés
(2) That the material is isotropic.
(3) 'i'hat Darcy's law is valid’ for the flow of pore water.
- {4) That the pore water is incompressible,
(5) That the distribution of pressure is symmetrical with
respect to the coordinate axis or %%— = 6’
(6) That the distribution of pressure is linear along
dimuisions perallel to the plane of consolidation‘or' % = A
(7) That the initial stress is first taken by the pore water
and subsequently released to the soil particles.
Assumptions (1) and (6) are mosﬁ open to debate, but for brevity,
discussion is omitted because of »previous detailed argument by
invéstiga’cers such as Terzé.ghi and Biote
Consider first a cube of saturated earth material, confined
on all sides and the bottom by a retaining impervious material and

» causing a unit vertical

subjected to a unit vertical pressure, 6,

—7 )



pressurs within the soil particles squal to 6;@

6z

3
ki

Azsuming Hooks lawappiles E = &5 = 65 5
&  total deformstion

unit deformation =

LAY

gure of delormation

F

Applying the decreass in void retic, e, as =

and ep as the final vold ratio after deformation, then

Next conslder & section, & == & , cut through the cube of

figure 3,



Figure 4
Bevaugse of ths low permeability of th@/ﬁ&tuf&tad masg the
entrapped water cannot escape guickly and thersfors, from statiss,
mlong plins, & =- &, the unit water pressure, ?‘ﬁ plus the &ﬁit

soil pressurs, &, . must egqual &y
. N %
Es L Eg

By o~ AP

&%zan s & while p is the Wﬂ%@?
D reE sue within the soil volds in excess of bydrostatic pressure,

defined ss the pors pregsurs.

-

Thus, songolidation progresses only whem ¢ bescomes smaller

oy 23 the gquantity of water is reduced by belng ﬁQUﬁvu@ﬁ ot

In being forced from the soll mass, the pors watsr prases

determined «sby the impervious boundaries.
sinces the resulting velocity will be wery small, the velocity
x

hend nmay be neglectod and the tetal snergy becomes the sum of

pragsure head and elevation.

L = 2 oa FoE A

B



Because the flow is laminar the effentive velocity of flow

‘be dimc‘;,}ypmmfﬁoml %;@ the mm of ea@rgy loss i:n,f’f;hé di mé,ﬁﬁmn

of flow, 1&@?@@&@1%& k as a eagffmeiant of pr@@mrt&enaliﬁv
' sf w7 "‘?{z,g ""’g"i"*v* = e
where & .is the slops of the ehergy line and k is termed the

@1@

coaffictent of permeability in units of LT Although k is &

'fun@timn of both the soll charscteristics and dynamic y'i@caﬁity of
water, there is no known functional relationship between the two,
‘Sim@ﬁ the ‘tempex%as%;u‘f@ of the soil water remains within a =mell

; mmg&g the value of k obtained experimentally for & specifisd
Cfiuid end medium may be used with negligible error.

e gimglifi@ati@n ig, of ém&mm *i:&@ will known Deroy law,
For a differential depth /., the total diffef@n‘iﬁmi settlement

must egual unit deformmtion by lenpth.
Abn = A2 T wy by~ A E

E

A%t the application of ; or time zero, no deformation tak@es“f ‘

plage bscause no weter is squeeszed from the voids or A0 27 O

H@‘%ve?; at time ;"”,;mf:f\ an amount &f pore water has been sgueszed
out with a decreass in p and an increase in &, and a comience=
ment of sedbtlement. Then ab time t the following f«s:iia*i;i@n ’

Fra m e ff br = p ! Al o / ) o)

where 4, settlement of a ‘lafm@ H . in depth &t time + .

IS
y s magt now Ye &et@minad@ Uging the mnvaniénm of
cylindrical @w?“dimtmg cnnsiﬁ:&& a mdw of the mass, 2 in

depth as illustratsd by Figure 5.

—r




& = radivs of the @an%ralﬁwq
ar dmia’ﬁ' .

b= md%% af “afmﬁ @@n&gﬂ.id&tin
" sarth moss ‘

r= & variab & mdma
,ﬁ? P A= »

?ig~ur~@ 5

Since the voids are #@atﬁum sd the quentity sqmapg@ﬁ out @f‘ a

Sli@@ 4 in depth is Q= ek E f 553, @”3&

‘ B ‘e an T
From Darcy’s law o V :: S = wgﬁ gf

and the total g flowing through a section &t radius ";f’ is

{0} QQ = /‘91/:,.-_"1:

g

27

Z@iff@%ﬁ%iaﬁng {a} with respﬁ@%

to t and using the relstion

':Smhtm@tiag ‘ Sl

[

s@tti:&g k = M, a constant
for the rupge of deformation
. and termed the modulus of L _

 consolidation




Then

“’%“ ‘“‘“‘?“;'waw

#

.

8ince the left and right sides of the equation sre functions

&

off T and R slone respectively., they both must egual a constant,

-—K?zg,mmi@h must be negative in sign to obtain physical compatibllity.
Y W'g '!m
Then " = = MEeT
. . =M t -3
T = A 8T ot
Y- AP L « S
Where A and " are srbitrary constants to ba determined

The eguation for

R becomes IR s aE s 3%2 =0
o ® ey A
By}' T

letting »r = J & where @ is a constant chosen equal to

the above equation is identified as Beszel's equation of

arder. gero

ar o/ a’;@ A s dE o 2 =0
| SEe T zae
&2‘1@3 ' ’ ,{1«? E i«’;» {f E’? 2;} = z,,a’*{o ff:g M R f”j

Because of the discontiouity at the inner radiuvs o Béaéé}‘;
funetions of the S@@@n@ ki@d will appear in the svaluation and |
‘thﬁ ganefal solution for R becomes
R/Ba) = G h(Ba) # G YalB)
The fﬁii@ming boundasry @@ﬁ&i@i@ﬁ% @pply
| {1} The pore water préégur@ 8t the inﬁer surface is zero

for all time plar’) =0

e




{2} The ptrs water pressure throughout the cylinder is zero
at time infinity pla, ol = O

(3} The flow of pore water across the outer surface is zero

for all time 2{4‘2 g‘f b, *) =0

Pre ini%isl condition applies,the pore water pressure betwesn

the two cylinder surfaces is assumed constant throughout the mess
. s v ?5 [iong

at time zero 7~ f, =, & 5;

Applying the above conditions to the general solution

Wy Pl = Aem MOV g (8a) #C Y5 1G]

o7

<, 4 [(Ea) + & Y (Ba) =0

: P . ‘ ) s I ;
() gﬁ (od) = g 8 [ es) » Y B6)]
G (8] » S, (88 = —C (8] ~Cy Y, (8] =0

£

C o (56, # o5 ¥, (GE) =0

£

{2} Comdition three has been satisfied by the selecticn of &

negative éig@ for /g &
(4} 6, = e""ﬁ;;y [{:; <o gf{{f:ﬂ? 2




This equation is satisfied by an infinite number of Betas or

by the constant ¢, sgual %o zerc. But the stated boundary mn&itﬁ

2
ions requirs that Ca not be zero,
Selecting & dimensicnless parsmeter K = b  with the inner
S : )
radius & ag unity and further, taking as & new variable

Ay ® [, @ the equation above becomes

) (K ) =K ) o () = O

The problem is now resolved into the task of determining byk ; ii 1
trisl & nunber of reots w%ggg @@rr@sp@n"img t@ an &rbitrarily;’
'aﬁlgctﬁd K @gffici@mt to silow the expansion snd ggmmatimu @fith@; 

series represented by the ini{tisl condition to the desired degree

@f approzimation. Complets t&buiat@d valueg of J and Yn“

B -
A

@rr@&m@nﬂ;ng to the selected argument of I snd 4« - aye f@§ﬁ§‘ ’ ;
iﬂ "Theory of Bessel Functions®™ by G. N. Watson. , This task, ﬁ@%&?ﬂf ‘
inwolves a lengthy computation peried which iméludes Eh@‘eX§aHSiQn
and gumiation of the resulting series. Such length of ﬁim@.is §@§gg,[
available within the scope of this study. |

For the discussion of a somevhat similar problem but &@ﬁiiﬁg
with hest {low, readers are referred to the DEPET, ”T@mpaxaﬁji

Stress Distribution im Bollow Cylinders®™ by 0. G. C. Dahl, Proceed-

ings of the American Sccilety of Mechanical Baginesrs, 192%¢ o

For the purposes of this study, recourss will be made t@ & 1@3%
rigovous ﬁﬂ lution but one capable of more rapid evelustion. Su@h

solution is p?@semteé in Appendix B herewith,



APFENDIX B

Deriv ,ti@n of Apufmximat@ @Tlt@féﬁ

‘%h@’@bjéet of this aralysis is @imiiar to thet of Aprendix A§ 
to determine, in en approximate manner, the rate of settlement @fv@i@y:
layers as & function of time, saoil @haraat@risti@@; and @@@rdimatﬁ"
space when flow of pors water is into central wel S’@f drains, ?héyff:
basic assumptions of &@p@mdix A.will apply.

A slmplifying &gpr@xima Jon will hw'M%aag that the dr&i@% or W&11§ 
8t each corner of the comsolsdatbing mafﬁ‘may be replacsd by @g@i?@léﬁé !

line drains surrounding the perimeter of sach block whosns side, in &

. horizontal plane, ig tsken equal to 2a or the spacing of ths draine.,

The error of this simplification, of course, incresane with iﬁ““ﬁ&w@ -
ing size of spacing and is due to the r&gdaﬁnm decrenced leng h of

low path. However, sn adjustment to the length of spacing will

pertielly corract for this discrersncy.
i o & o

e
&

igure & below 1llustrates the novmel plan of seand drains with
spaoi mg for *hég ansiysis taken equal to 22, - FPigure 2a
s

the sbove assumption with the coordimate system c

&

whe
N

-
PN
; .":

e P



Hext u@mgid gy & giff @f@whaﬁl 80 2 in thickness with ¢

natos as shown

Y £ X, yray) (X Fax, yray)
) < o

14 8|
X300 xrax, Yo

& — : : SRR

snd the quantity leaving €D mist egqual

51

Thern the rate of loss of water due

approsimetely a4

to bound

total loss of meisture must equal the rate of

sonssiidation or

wi




ﬁ«%

Again mssuming s sclution of the form P = X{x}.Y{y)}T{t)

the above equation bec

T )4 ¥

Sy B #

For the above releation to be trus, esch of the thrse bLerms must

equal & constant and v ordgr that the function T(t) be physicall

compativle, each member must be 3 nsgative constant, Than

X 2 "o a e
—— "‘M; —X; = A and 7 = - Mf'&f’a-ff%
X Y 7 -

a &%
The solution for T becomes T - 8 - fl o At «} 7
and for X and ¥ X = 49 Cosack + B Swoec ¥

o | | y = C Casly + D Swidy
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e
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»EVaiua ting aﬁ the limite for ﬂ@hﬁi%lnm { )@ 1%@ @_,'*

sad He are determined as | o = Mﬁ"’ /,,

. ' A w (s r ) T
-
whers m and n are intsgers
’ Then to obtain the complete solution it is necessary to form

the double g”fs&@

/afxyz‘} E E Aors € 50&(!?7:»‘1’)”"_{ C;”af/ﬂf
where ko= I [{ﬁ?’;»‘j’} # {,&?«5}‘{,}?

g

"4 is arbitrary

nis equation will satisfy all

if the initinl

pl %,¥.0 } = 6z can be reprssented by the double #ories

e
&z = E A s iﬂ@@fﬁ%&&j

A : ) o
¥ultiplylag both sides by Cos (wrd) ZE o'x Cos/. e
) ¥ o

Bub the average pressure over ths maes i3 desired er P

and

/Qazf = ; gy@ [’4? e @

Eolg-¥-] -
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o —y

Then  pg, =

RBecouse of the

te the value of the swsecing, a , should be appii

the sctoal length of flo

sonsider the mean

@ e

|

ed

/ Py = 54 jr ﬁ G/y - g’:, jf ,‘w;;j;;w;ﬁ? @/y

o f o

i
I
a4

‘Likewise the msan of the sssumed flow path,
a3 ﬂ
r Vi — 2 - e
7 = b | X ol P EE =
r :d

3

hen the facta

computation would be Lhe entisn of the two means.
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Ref @rr*m? now to formala (l-a) of Appendix A or

' = ”"’”/o} -e Xyt aE
(2]

whiich now beoomes.

4 j : o mAcﬁn'yr s
A, = b L/ -z o
4 £ Z_- 2_4 (ﬁw»éj‘{ﬁ&i)“

RO O

» & gariable, depending upon the soll characters

latics, type of loading and time, T , terssd the time fachor @?‘

Lidation is & dimensionless nu

&5
&
o
£t
ot

must be taken to uge

Foting that the total ultimate settlement i ragented by
A= 7 Eg el the percent total g@iti ement &t time t becomes,
By Fo = poo P
It follows that the percent total settlement depends only @a‘ﬁh@~
rpe of losd, soll characteristice, drain spacing sand time and vmt

upon the unlt pressure or depth of the layer,

x

The problem Is now resolved into the task of computing the
values for the following expression Tor varying values of 7T and

3

plotting such values ag o rdi netes with the varisble T as

e . i 4
f‘! 7. -+ SO g B




gﬁu%tim i%s ,,,zmmmmw by *R;&Mas one &md

The xmth@u of 2o ‘ﬁ:% ,
velow for 'w;&u@@ of T egwgl to zerc and one teuth, Table three
copsists of values *”m:' T vwarying from zero to twwg {rom w&iah ‘tif;sf‘w
curve of degreeg @f ‘pongolidation hes bveen drawn  as illustrated
by figure é
by figure. 2. 7RG E
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APPENDIX C

Laboratory Investigations

The 'object of laboratory tests was to determine the agreement
between computed and actual time rates of settlement for a soil
sample with varying values of sand drain spacinge.

The procedure consisted of selecting a soil sample, and, for
‘a uniform moisture content and void ratio, determining the modulus
of conscolidation using standard leboratory practice and apparatus.
Experimental time setilement curves for a model soil sample with
prototype drain spacings of 5.5, 7.5 and 9.5 feet were then deter-
mined, adjusted and prlotvted.v The models were to a scale 1/4 inch
to one foot with the drains 1/4 inch in diameter and hackfilled
with standard Ottawe sand., The computed time settlement curve for
each of the three spacings was obtained by substituting the
respective values of a in the time factor of Figure 3. using the
determined value of M.

The s;pparatus was standard except for the retaining rings of
the consolidometer, These were made from standard brass pipe |
sections one inch long and machined to inside diameters af~2-3/4;
3-3/4 and 4-3/4 inches. Each ring was equipped with a brass base
against which the ring wes clamped, and in addition was fitted
with a brass cover plate machined so as to fit within the ring
with 0.01" tolerances A 1/4 inch hole was drilled in the center
of each qéverplate to provide an outlet for the sand draeine

Figure 12 illustrates these rings and the test specimens,
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The soil sample was a remolded silty clay, specific gravity
2,67, mass specific gravity 1.76, maintained at a uniform void
ratio Qf 1,03 end moisture content of 347

Figures 6 and 7 illustrate the void ratio pressure curve and
K as a function of void ratio, respectively. Mean values were
taken for K because of the variance caused apparently by continuocus
soil structure readjustment,

Using a velue of X eéuul to 1.8 x 10‘7 inches per minute, the
value of M was detei-mined as 1,87 x 10“'5 inches squared per minute.
This agreed favorgbiy with values of 1,71 x 10"3 inches squared per
minute obtained in the manner described in paragraph 102, Krynineg
f&r 30 and 40 per cent consolidation and time values gained from
the experimental timé consolidation curve illustrated by Figure &’.
A mean value for M or 1.6 x 10‘5 inches squared per minute was used
for computatione

Figures 9, 10 and 11 illuatraute the comparison between
theoretical and experimental time settlement curves., Since drain-
age took place st the edges of each ring as well aa through the

sand drain, it was necessary to use values of 2a equal to cne-half

the prototype diameter of the corresponding test ring,

Y



1

SRR

Attt










wo,

e

i

P

T WOTE B fOF




RPN,






. M
.

. W%\%
,:ﬁ - .

<

.

.
-
.

L
.
.,&ww .

. ,...NM/ 5
o .
. .
o N .
@mﬁ% o )

. e

. %,?& .
.

.
&&%f&

Frae /2

—FF —



1.

2,
3e
4,
Se

6.

Te
8.

9.

REFERENCES

"Erdbaumechanilk Auf Bodemphysikalisher Grundlage”, Dr. Karl
Terzaghi, Frans Deutike, 1925 |

"Journal of Applied Physics", Vol. 12, No. 2, February, 1941
"Civil Engineering", October, 1946

"Journal of Mathematics and Physics™, Volume 21, 1942
"Cassiers Engineetin—g Monthly", August, 1916

;’Highw‘ay Research Board Proceedings of the Eighteenth Annual

‘Meeting", 1938

"Southwest Builder and Contractor”, 14 February, 1947

’;'Theoreticai Soil Mechanics", Dre. Karl Terzaghi

"Soil Mechanics™, Dimitri P. Krynine

.



