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Introduction
QF all the various tests performed on soil, the most time consuming one^ is the Jaboratory test for consolidation. The test, essentially, consists
of determining the time-compression relation under constant loading of a
laterally confined soil mass and is intended for estimating the probable
magnitude and time rate of settlement of foundations to be expected
under loading imposed by structures. From the consolidation tests
conducted on clay soil-samples, CV—the coefficient of consolidation and
Cc— the compression index are evaluated from the time—settlement graph

log p curves respectively. Before designing a foundation for
a particular soil condition, the practical interest of a foundation engineer
is in the determination of the full-settlement of the structure and in
selecting such contact pressure on the soil as would not cause intolerable
settlement. Therefore, he is more interested in the value of Cc than Cv
at the design stage.

The compression index Cc is determined through a time consum-ing and expensive consolidation test ; the test requires expert observationsalso.
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Therefore, several attempts by various scientists have already beenmade to forecast the compression index with the aid of other soil characte-ristic ; A.W. Skempton (1948) has established Cc — 0'009 (L.L.—10) andHough (1957) evolved Cc=0 3 (e0 —0*27) for clayey soil. Recently Cozzolino(1961) has brought out the following equations for certain silty clays inBrazil :
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(/) For heavy medium clays and silts :
G=0-256 Plus 0-00106 (L.L.-65)

Plus 0-32 (e—0-84) Plus or Minus
0-063 ( A)

(ii ) For soft clays and silts :
Cc = l -21 Plus 0-0072 ( L.L.-95)

Plus 0"53 (e— 1*87) Plus or Minus0-32 ( B).

• Highway Research Station, Guindy, Madras-25 (Tamil Nadu).This paper in the present form was received on 28 March 1973discussion up to December 1973. ' It is open for

232



EVALUATION OF COMPRESSION INDEX OF CLAYS

When these equations were applied to the various clays of TamilNadu, large variations in Cc values were observed. Therefore, detailedstudies were made on clay samples from different parts of the state forestablishing relationships between Cc and the engineering characteristicsof soils which can easily be determined.
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The Experimental Study
Undisturbed clayey soil samples were obtained from bores of differ-ent soil investigation works undertaken by the Highways Research Station,Madras, for the foundation design of different structures.
Tests for their engineering characteristics were carried out and also

systematic consolidation tests were run on the undisturbed soil samples,
e —log p curves plotted, and compression indexes Ct evaluated.

The compression index values are plotted against (/) the liquid limit,
the natural void ratio and (iii ) the N.M.C.—the natural moisture07) e

content of the soils and for each of above, a straight line of “best fit” is
obtained through “Linear Regression”. The plols are shown in Figures
1, 2 and 3. The following equations have been established :

(i) Cc=0 0087 L.L.—0-089
=0-0087 (L.L.-10)

(if ) Cc=0-39 eo-0-03
=0-39 (e0—0-08)

( iii ) Cc=0-0093 N.M.C. Plus 0-0142
=0-0093 N.M.C.

-0)

. . .(2)

N.M.C.
• •(3)=0-9 TOO

r

Lifejid limit per cent

FIGURE 1 : Regression of the compression index Cc upon the liquid limit LL.
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TABLE
Cc-Values through derived expressions and compared

Labora-
tory

value of
compres-

sion
index—Cc

Natural
moisture
content
N.M.C.

Skem-
pton’s Hough’s

expres- | expres-
sion—Cc j sion— Ct

Cozzo-
lino’s

equation
{ A) Cc

Cozzo-lino’s
equation
(B ) Cc

SI. No. Liquid
i limit

initial
voids

ratio—e0

I
(5j (6) ( 1) ( 8 ) (9 )( l ) (2) (3) (4)

0-2450 203 0- 2520 1710- 290-94533291. y

0 069 0-110 00160 1800T00-50030 182.

0 536 0080 0 125 0 0570 15 0- 2071.8333.
0-278 0 341 0- 4300- 2430- 341 19841374.

0- 2140-252 0- 159 0-2320 799 0 1738 285.

0 360 0-2030136 0- 2790 L90 - 72423536.
0 0950270 0-149 0-1340-587 0- 1623437.
0 091 00090-575 01410-16 0-23436 228.

0-165 0- 1660- 279 0-1690-634 0- 1819419.
01790-141 0-192019 0 2250- 7391910. 35

0- 396 0-4090 1890 31 0 2640 -90154 2111 .
-i0- 3960-592 0097 0-165 0- 23725 0 175412.

035 0-459 021943 0- 3031-000 0-5046113.
0 - 730 0- 468 0-3680 28 0 13862 0-2183214.

2.077 0- 5430 75 0-477 0 65081 1 0896315.
16. 64 1 -25747 0-2970 51 0 486 0-388 0-662
17. 65 1- 50052 0-57 0 495 0 369 0 - 467 0- 798

66 1-26118. 59 0-63 0-504 0- 297 0-392 0- 678
6819. 70 1 -681 0 70 0-522 0- 423 0- 528 0 915

23. 63 30 0- 754 0- 42 0- 477 0147 0-226 0 388
1. Skcmpton’s Equation Cc=0 -009 (L.L.—10)2. Hough's Expression Cc=0 3 {e„—0 27)

Cozzolino's Equation
3. For heavy medium clays silts Cc=0 255+0 00106 (L. L.—65)+0 32 ( e—0-84)=0 063tA)4. For soft clays and silts Cc=l -21+0 0072 (L.L.—95)+0 53 (e—1-87)+0-32’

By Linear Regression Method
5. Cc=0 0087 (L.L.— 10)
6. Cc*=0 39 (e0—0 08)
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I

with the other existing expressions .

New Derivations

Cc=0-0087
(11=10)

Multiple
regression
analysis
Cc =0 0038
(L L.)+0 0086
(N.M.C.)—01323

Multiple
regression
analysis
Cc=0 0033
(L.L.) -f-
0 0086
(N. M.C.)—
0 1323

Cc-=0'39
(e0 -0 08)

Cc-0-9
N.M.C %

Normal
equation
Cc —00044
(L.L.)+
0 3435 c0—02143

Normal
equation
Cc =0 0028

(L.L.)+
0.009 (N.M.C.)—01215

100

(14)(13) 05) (16)(11) (12)(10)

0-234 0 239 0-22100 2600 339 0-270171y
0091 012200 14600840 164 0 160-180

0- 116 0- 131001490-1100 160 - 1790 207

0- 361 0-3420 -37503590 370 4370- 243
0-2340-2290-2510 2250- 250-2810-252

0- 256 0-2050 1890- 2550-180 1500-360
0165 0-1980 160 0-2060-2 L01990-270
0- 143 0-1760 19101380 2)0 1950-234

016601850- 16801820170-2150- 279
0 1480-19501610 1900 170 2570-225
0-2270-3350-336 0-2030190 3160- 396r 0-2610-2280-2420-2280230-1990-396
0-4390-4000-4230 4030-390 3590-459
0-3480-3110-3180-3140 290 2540468
0-7720-7790 - 7900 - 7860 730-7800 - 477
0- 4930- 5010-4650-5060- 420-4600-486
0-5290-5890-5140- 5950- 470-5540495
0-5930-5210-5820-5170-530-504 0-460

0-6650-690 0-6940-6920 630-684
0262

0 522
0-477 0 327 0-302 0-324 0-3340-27

N.M. C.
100 %7. Ct=0-9

By Multiple Regression Analysis
8. C,.-0-0047 (L.L.)+0-3473 (<?„)—0.2312
9. Cc=0-0033 (L.L.) -bO-0086 (N M.C.)—0 1323

By Normal Equations
10. Cc=0-0044 (L.L.)+0-3435 (<?o)-0'2143
11. Ct=0-0028 (L.L.)+0 009 (N.M.C.)—0-1215
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TABLE II
Percentage errors of the derived expressions.

Ct=0-9
N.M.C.Cozzolino’s

equation
Cozzolino’s
equation

Multiple
regression
Q, L.L.,

Multiple
regression
Cc* L.L.,
N.M.C.

SI. Skempton’s
equations

Hough’s
expressions Normal

equation
Ce,L.L.,

Cc=00087
(L.L.-10)

Cc =0.39
( e„—008)

Normal
equation
Cc, L.L.,
N.M.C.

No. ( A ) %( B )
1.00 e„

to
2

Percentage
error

Percentage
error

5Percentage
error

Percentage
error

Percentage
error

Percentage
error

Percentage
error

Percentage
error Percentage

error Percentage
error Percentage zerror g

41-4 31-0 13-8 313-81. 41-4 17-25 6-9 20-7 10-35 17-25 820- 730080 0 10-0 80-02. 80-0 600 60-0
200 220-0 50-0 100400 46-7 20 03. 600 400 20-0 6-66 26-7 >20-0 13-35176529-44. 29-4 29-4 294 8-83 5-28 I11-76 5-8847 0 5-88 20-355. 353 47-0 64-7 47-0 35-3 47-0 35-3 35 36 . 89-4 26-3 5-26 >42-1 89-4 2105 5-26 36-9 36-0 10-5168- 8 37-5 6-25 18-757. 68-8 25-0 3125 31-25 25-043-75 43-758. 12-50 37-50 43 75 25 0 23-0 12-5 18-75 12-5 12-55-559. 55-50 11-10 555 22-255-5 5-55 5-55 5-55 5-5526-3021-04 5-2610. 21-04 36-82 10-52 15-78 21-04

4-i.
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38-7629 07 16-15 9-6911 . 29 07 3- 23 38 -7632-25 6 4635-53 25-8
41-16 5-88135-2 17-64 41-1612 . 35-2841-16 135- 2 35* 28 35-28 53 0
37-18 14-3031-46 31-4613 . 42-90 2-86 11-44 14 3 14-302002 25-74
50-067-914. 21 -42 67-9 10-71 3-573213 1071 44 28 25010- 71

nr36-0 28-0 13-3415. 2- 6684-00 2-67 <45-30 360 5-336 5-336 40 >
41-2 23 -5016. 3-92 29- 40 3.92 9-80 17-64 7-84 1 -96 3-92 S>

7-02 ~12-28 35 1 17-5517. 17- 5540-30 12- 20 3 51 5-26 10-52 3-51 c
Z52420-6 38 - 10 20-6018. 27-00 15-887 -54 17-45 7-94 17-45 6-35 o
*n

40025-7 24-3019. 11-44 100 4-28531 -40 25-70 1-43 5-72 1- 43 no
21 -4 264*314-3 45-3020. 35-714-28 38-15 21 -427-14 28-56 23 8

m
C/3

Nos. % Nos. % Nos. % Nos. % Nos. % Nos. % Nos. % Nos. % §Nos. % Nos. %Error-Range Nos. % z
0—10% 1 5 2 10 9 451 5 8 40 7 355 256 30 4 20 10 50 7 35 Dm

11 55 *3 150—20%
0-30%
0-40%

3 15 3 15 10 50 13 65 14 70 13 656 3014 70 16 80
o
TS8 40 7 35 8 40 16 80 14 70 17 85 15 758 4018 90 17 85 18 90 or13 6511 55

14 70

19 85 13 65 11 55 18 90 20 100 17 8518 90 20 100 19 95 >
cr.0-50% 18 90 20 100 18 90 14 70 19 95 19 95 20 ICO 20 100 20 100 19 95

CO
U>
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FIGURE 2 : Regression of the compression index Cc upon

the natural void ratio e.

- f

Noturol moisture content %

FIGURE 3 : Regression of the compression index Cc upon
the natural moisture content M .

Even though it is possible to arrive at a relation between either
compression index Cc and L.L. or Cc and e0 or Cc and N.M.C., it is not
reasonable to consider such relationships alone as fully correct. For,
consolidation is a process of compression depending upon the moisture
content or e0 as well as on the physical characteristic of soil such as L.L.
Hence, a relationship between Cc on one side and L.L. and e0 or L.L. and
N.M.C. on other side will be more significant and representative. Hence,
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statistical correlations through “Multiple Regression” connecting (/) Cc,
L.L. and e0, and ( ii ) Cc, L.L. and N.M.C. have been obtained.

Relationships between (i) CV, L.L. and e„, and ( ii ) Cc, L.L. and
N.M.C. have aiso been established through normal equations such asy=ax1 Plus bx2 plus C.

The relationships through “Multiple Regression” analysis (4)
Cc=Plus 0 0047 (L.L.) Plus 0-3473
e„=0.2312
Cc=Plus 0 0033 L.L. Plus 0-0086

(N.M.C.)-0-1323
The equations established through normal equations are :

Cc=0-0044 L.L. Plus 0-3435 <?o-0- 2143
Cc=0-0028 L.L. Plus 0-009 N.M.C.-0-1215

are :

...(4)

...(5)

. . .(6)

...(7)Y
The Cc values determined through the above different equations

along with the soil characteristics are given in Table I.
The percentages of error from the observed values of Cc obtained

using the derived expressions as compared to the already established equa-
tions in vogue are given in Table II. In this table, the error range for
each equation is shown.
Conclusion

The comparision of the equations and their error range indicates that
the derived Equations (3, 4, 5, 6 and 7) give out the Cc values with
minimum error range. These equations compare well with the Cozzolino

0 9
Equation ( A). As a more approximation the equation C=
(Equation 3) can be used to determine the Cc value with more case using
the value of N.M.C. only. The efficiency of these equations has been
observed to be satisfactory by having conducted further consolidation tests
on a few more soil samples from different sources.

N.M.C.100
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