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A  COMPUTATIONAL  METHOD  FOR
  CONSOLIDATION-COEFFICIENT

    B. SivARAM*  and  PRABHATA,  K. SwAMEE**

                                 ABSTRACT

  The  theeretical consolidation  curve  based on  Terzaghi's theory  has been successfully  rep-

resented  by a  simple  expllcit  algebraic  equation,  The  use  of  this  equation  has been extended
by obtaining  an  expression  for consolidation-coeracient  involving selected  three  oedometer

test data. This method,  unlike  the  existing  one,  does not  require  the  use  of  graphs  or

charts  and  it can  be effectively  used  on  a digital computer.
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IGC: D5

                                INTRODUCTION

  CIayey soils  would  underge  considerable  consolidation  upon  sustained  foundation ioads.
A  settlement  analysis  is generally carried  out  to  obtaln  total and  time  rate  of  settlement,

of  which,  major  compenent  is from  consolidation  of  underlying  layers. The  time  rate  of

settlement  is generally computed  using  Terzaghi's (4) one  dimensional censolidation  theory.
This  is essentially  a iinear one-dimensional  theory,  which  yields the familiar diffusion type    - -
eqttatlon,  vlz  

'

                              Ou                                     a2u
                              ii  

=:

 Cvra2'i (1)

in which  u=excess  pore pressure, Cv==coedicient of  consolidation,  z=depth  and  t=time.

  It is widely  accepted  that  both the  field and  the  Iaboratory consolidation  curves  have the

primary  as  well  as  the secondary  consolidation  components.  The  contribution  of  the  later
to settlement  becomes more  and  more  significant  towards  the  end  of  the  primary  and  con-

tinues  for very  long time.  The  dimensionless time  factor is defined by

                               T  
r-

 C.t  HT2 (2)
in which  H  is the  effective  drainage path.

 
*
 Senior Research  Fellow, Dept. of  Civil Engrg., Univers{ty  of  Roorkee, Roorkee-247667,  India.

**
 Reader  in Civil Engineering,  University  of  Roorkee, Roorkee-247667,  India.



The Japanese Geotechnical Society

NII-Electronic Library Service

The  JapaneseGeotechnical  Society

                      COMPUTATION  OF  CONSOLIDATION-COEFFICIENT  49

  The  degree of  consolidation,  U, is a  ratio  of  settlement  p, at  any  instant, to the  total

final settlement,  pf the  component  due to primary cQnsolidation,  i.e.

                                   U=  p!pf (3a)
with  ue=the  initial pore-pressure  (assumed constant  throttghout  the  height), Uis  expressed

as

                              u=2}Jl"(1-ifs)dz  (3b)

The  solution  of  Eq. (1) for initial condition  U=O  at  t=:O, is given by
                              de

                  tr =1-8x-2  Z  (2n+l)'iexp(-O. 25z2(2n+1)2T)  (4a)
                             nsl

The  theoretical consolidation  curve  is expressed  by the  Eq. 4(a). The  following two  empir-

ica! equations  have  been suggested  to provide  an  implicit relationship  for T.

                  T=O.25rrU2, U<O.53  (4b)
and

                  T=1.781-O.93321og(1-U),  U>O.53  (4c)

Using any  one  of  the  conventional  mothods,  the  coethcient  of  consolidatien,  Cv, can  be

obtained.  In inis paper  an  expression  for C7  as  a  function of  three  selected  oedometer  test

readings  has been obtained.  Direct computation  of  Cv  is now  possible without  any  need

of  graph  or  chart.

                               AVAILABLE  METHODS

  Taylor (3) and  Casagrande (1) proposed graphical methods  for determination of  Cv
which  are  conventionally  used.  Both  these  rnethods  utilise  the  characteristic  properties  of

the  theoretical  consolidation  curve.  The  eedometer  dial gauge  readings  of  sample  compres-

sion  are  plotted as  function of  V'i' or  log t respectively,  in the above  two  methods  and  a

correctien  in the  initial reading  is graphically  applied.  Next, a  point  on  this curve  is

obtained  to which  a  fixed T  value  is assigned  based on  the  typical characteristics  of  the

theoretical consolidation  curve.  Cv  is then  computed  using  Eq. (2). There can  be error

in locating the above  point  on  the  plot because of  the  following reasons:  (a) There is no

theoretical  basis; (b) The  methods  rely  on  use  of  readings  in lower portion of  the  curve,

where  the values  are  a result  of  sum  of primary  and  secondary  consolidation;  and  (c)
these  methods  being graphical  leave enough  scope  for variation  because of  the  error  due

to judgement.
  Scott (1961) proposed a  different scheme  for obtaining  Crvalues, however, the  initial
correction  of  readings  is applied  using  Taylor's method.  This  methed  uses  a  chart  of  a

set  of  curves  deduced  from  Eq. (4a); however  an  accurate  use  of  the  same  is not  possible.

                        EQUATION  OF  CONSOLIDATION  CURVE

  For low values  of  time, the empirical  equation  which  is given  as  Eq. (4b), very  closely

follows the  theoretical  consolidation  curve  and  can  be represented  by another  form

                             U=:(4. rr-iT)O･S,  T<1  (5)
and  for high values  of  time, the  curve  is asymptotic  to the line

                                   U==1, T>1  (6)
Combining Eqs. (5) and  (6) through  a  method  of  curve  fitting, the  following explicit

equation  valid  for all values  of  U  has been obtained
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                                      [4T]Ds
                              

U=

 [1 +(  4xT )2-Bio･"nvs 
(7)

Eq. (7) can  be converted  to the  following implicit form

                                        rr
                                       -U2

                                T=a-  £
'
 s.6)o.ss7-  (8)

For small  values  of  U, Eq, (8) takes  the  form of  Eq. (4b). The  variation  of  the  percent-
age  error  in Eq. (7) compared  to theoretical consolidation  curve  has been depicted in Fig.
1. A  perusal  of  the  curve  shows  that the  maximum  percentage  error  is only  three, which

is within  the  permissible engineering  accuracy.  It is thus  justified to use  Eqs. (7) and

(8) in place of  the  theoretical consolidation  equation,  i.e. Eq. (4a).

                F

                [
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                ts
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                oE"to8
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                              FSg. 1. Error diagram

                              DETERMINATION  OF  Cv

  From  an  oedometer  test two  readings  Ri and  R2 corresponding  to time  ti and  t2 are

taken  during the  early  phase of  consolidation.  This  permits  the  use  of  Eq. (4b), for the
respective  dimensionless time  Ti and  T2:

                      Ti or  Cvt,IH2::-:-nj4[(R,-Rt)f(Rf-R,)]2 (g)
and  T2 or  Cvt,IH2==Tf4[(R,-Rt)!(Rr-Rt)]2' (10)
in which  Ri and  Rf  are  the  initial and  final oedometer  readings  excluding  the  secondary

consolidation  effects.  Combining the  Eqs. (9) and  (10), the  followlng equation  is obtained

                           R,=(R,-R,Vt,ft,)1(1-Vt,rt,) (11)
giving  the  corrected  initial dial gauge  reading.

  The  third dial gauge  reading  R3 is taken  at  time  ts, with  corresponding  Ts such  that

considerable  consolidation  of  the sample  has taken  place. Using  Eq. (8) for this reading

                         Cvts -  rr [(R3-Rt)1(Rf-Rt)]2
                   

Ts
 
Or

 Hz  
rmz'

 {1-[(R,-R,)1-/R']mR,))'r.g'}Lo'.ss7 (12)

with  the  use  of  Eqs. (9), (10) and  (12), Rf  and  C7  can  be obtained  as

                                         Rt-Rs

                
Rf=Rt-

 {i-[(Ri-R,)(vi,-7tl-)j(Rl'Z-R-,'5'v' f,'i'Ei'6}o･"g (i3)

and

                             Cv =f[  iiillRRi v-,E-"J,1 ]2 (i4)

Eqs. (11), (l3) and  (14) give the values  of  Rt, Rf  and  Cv respectively  in terms  of  three

data.
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ExamPle

  In order  to illustrate the  use  of  the  method,  the  following three  data frorn Taylor (3)
shown  in Table l, have been  selected:

                           Ri==2025 t,=  15sec.

                           R2==1953 t2=:: 60sec,

                           R, :1615  t, ==  1200 sec.
and  H=1.21cm

Using Eqs. (11), (13) and  (14) the  following values  have been obtained

                              Rt=2097,  Rf-nt1595,64

and  Cv  ==  16. 43× 10-4 cm2!sec.

The  value  of  Cv computed  by this method  is in close  corres  pondence  with  the  one  ob-

tained  by using  Scott's method

                              Cv=21,5 × 10-`cm2!sec.

Table 1, further shows  the  computed  Cv values  based on  the  present method  seleeting  Rs
and  ts values  from  one  of  the  oedometer  test readings  of  Taylor (3). For the  above  Rs
and  tg values,  Cv based on  Scott's method  have been shown.  The  computed  values  from

the  present method  are  fairly close  to the  one  found using  Scott's method.  The  present

method  gives reasonable  values  of  Cv, whereas  Scott's method  yields higher values  which

is associated  with  diMculties in use  of  the  suggested  chart.

                          Table 1. 0edometer  cornputations

Time  min

Dial gauge
reading  (Taylor)

Cv (Scott)
 (10-`cm2/see,)
Cv (present
     method)

 (10M`cm2fsee.)

1

o,o

2125

2 3 4

           1
O. 25 1,O I 2.4
     i l           . t.

       19532025 1882

5 6Lt7

4.0       6.0

   i-1

1815i36,

 1

-  i 29.3

L19.0
J17501700

3

15

-

18. 6

  1638ii24.7

19. 5

9

20

1615

     '22,

 8      21,5

IZ2

10

30

1593

.116.4l

                                   CONCLUSION

  From  the  foregoing investigation, the  following concluslons  can  be drawn.

  An  analytical  method  utilising  three oedemeter  test readings  has bee proposed  for deter-
mination  of  Cv. The  computed  values  are  in close  agreement  with  those  obtained  by ex-

isting methods.

                                   NOTATION

       Cv==consolidation coethcient

       H==effective drainage path
       Rf=final  oedometer  reading  for primary  consolidation  alone

       Rt==corrected initial oedometer  reading

R,, R2, Rs==three selected  oedometer  readings  at  time  ti, t2 and  ts

         ==dimenslonless  tirne
            .
        t=tlme

  ti, t2, ts= time  readings
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       U==degree of  consolidation

        a=pore  pressure
       uo=initial  pore pressure

        z=depth

        p==settlement

       pr=final settlement
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                 ULTIMATE  RESISTANCE  OF  DEEP

                    VERTICAL  ANCHOR  IN  SAND

            BRAJA M. DAs*, GERALD R. SEELEy** and  SANKAR C. DAs***

                                 ABSTRACT

  Model  test results  of  a vertical  square  anchor  plate in loose, medium  and  dense sand  are

presented.  The  ultimate  anchor  resistance  has been expressed  in terms of  a  nondimen-

sional breakout factor, IV6=R,!rAH.  For shallow  anchors,  the  breakout factor increases
with  embedment  ratio.  Beyond  the critical  embedment  ratio,  when  the  anchor  behaves as

a  deep anchor,  the  brealcout factor remains  apprQximately  constant.  The  critical  embed-

ment  ratio  is about  5 for loose sand  and  increases to about  8 for dense sand.  The  varia-

tion of  the  experimental  breakout factor for deep anchor  with  the  angle  of  friction of sand

has been compared  with  that  predicted  by the  existing  theories.

Key  words:  anchoragg!  angle  of  internal friction, bearing capacity,  compaction,  load,

            laboratory test, sandy  soil
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                               INTRODUCTION

  Vertical anchor  slabs  are  used  in several  cases  for design and  construction  of  earth  re-

taining  structures.  The  geometric  parameters  of  a  vertical  anchor  are  shown  in Fig. 1.
When  an  anchor  is placed  at  a shallow  depth, at  ultimate  pullout  load, the  shear  failure
extends  to the ground  surface  and  it is defined as  a  shallow  anchor.  However,  when  the
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