
GENERAL DISCUSSIO N

DONALD M . BuRMiSTE R.1—In thi s
discussion consideration is given to why
basic differences i n consolidation testing
jnethods should be necessary in the cases
described b y th e author s an d wha t
fundamental principle s ar e applicable ,
as a  basi c framewor k fo r consolidatio n
testing methods. The concepts and prin-
ciples of the controlled test method were
presented and discussed under this head-
ing in the writer' s paper .

In soi l and foundation work it should
be recognize d tha t th e physica l law s
governing the inelasti c behavio r of soils
Under stres s ar e comple x and obscure ,
and ar e imperfectl y know n an d com -
prehended a t presen t with no simplicity
or uniformity of action t o b e expected .
Hence there may be important elements
of uncertainty , firs t regardin g the exist -
ence an d rea l natur e o f th e controllin g
conditions i n situation s an d thei r rela -
tive dominanc e an d influenc e o n soi l
behavior, and second, regarding how they
can b e translate d successfull y o r rea -
sonably" closely into term s of basic tes t
conditions an d principle s o f soil testin g
for eacb ^ individua l case . Th e failure ,
however, t o recognize , t o comprehend ,
and t o tak e int o accoun t on e potentia l
behavior characteristic o r one controlling
condition, o r th e failur e t o estimat e
properly thei r relativ e dominanc e in a
situation, ma y introduc e uncertaintie s
and difficultie s int o a situation o f which
the engineer may be quite unaware. He
then ma y neve r full y understan d wh y

' 'Professor of Civil Engineering. Columbi a University,
New York, N.Y. 

soils behave d erraticall y o r differentl y
from wha t wa s expected . Adequat e
information an d accurat e analyse s ar e
an insurance agains t unforesee n difficul -
ties, an d reduc e th e hazard s an d un -
certaint ies inheren t in , soil an d founda - -
tion wor k b y directin g attentio n
specifically t o thos e conditions and diffi -
culties i n a  situatio n fo r whic h prope r
provisions can then be made in advance.

A complete visualization an d appraisa l
of each situation is essential and is of •
inestimable value. But in order to recog-
nize and to comprehend a situation in
its entirety the soil engineer must crystal-
lize hi s thought s an d judgments - an d
must formulat e the m i n logica l orde r
into words. Such an analysis should con-
tain: (1) a summary of all available ex-
ploratory field data, o f laboratory tests
data and test curves , and of foundation
plans of structures; (2 ) an accurate an d
complete interpretatio n an d appraisa l
of a  situatio n wit h regar d t o th e con -
trolling condition s an d thei r relativ e
dominance; (3 ) a  statemen t o f the tes t
conditions adopte d h i th e soi l testin g
program fo r th e particula r projec t with
reasons therefore ; (4 ) a  cas e histor y o f
the project , i f suc h informatio n i s ob -
tainable, a t eac h stag e o f construction ;
and (5 ) a comparison of the prediction s
with the actual observed behavior of the
soils with such evaluations as possible of
the reason s fo r any discrepancies . Suc h
an analysi s woul d increas e a  person' s
power t o recognize , to comprehen d and
to appraise, making it less likely that he
will fai l t o tak e int o accoun t an y im -
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portant element in a situation. A  serious
lack o f some essential informatio n ma y
be brought t o light , i n whic h cas e such
additional informatio n ca n b e obtaine d
before i t i s to o late . Suc h a n analysi s
makes i t possibl e t o evaluat e mor e ac-
curately th e reason s for an y discrepan -
cies between the predicted an d observed
soil behavior. Finally i t enables a person
to buil d u p fo r himsel f a  reliabl e back-
ground of knowledge and experience , t o
increase his capacity for analysis and in -
terpretation, and to improve his powers
of discernment and o f judgment for han-
dling present and future soi l and founda-
tion problems . Brie f summarie s of such
analyses ar e give n fo r th e tw o case s
cited h i the writer' s paper .

The purpos e o f th e discussio n o f th e
papers of the symposium is to give point
to thes e concept s an d possibilitie s o f
controlled tes t methods by pointing ou t
a fe w o f th e dominatin g controllin g
conditions an d th e correspondin g tes t
conditions tha t wer e introduced , o r i n
the opinio n o f th e write r shoul d hav e
been specificall y introduce d i n th e con -
solidation technique s used in the analy -
sis o f th e problem s presente d b y th e
authors of the papers .

The paper by Messrs . Thompso n an d
Palmer i s of special interest , becaus e i t
deals wit h the us e of peat a s a  founda -
tion material, which usually is considered
to b e withou t any allowable supportin g
value. Th e mos t importan t controllin g
conditions i n the situation are: the great
thickness o f th e pea t an d peat y clay -
soil o f som e 29 an d 2 0 ft , respectively ,
the high moisture contents o f 240 to 340
per cent and the low degree of consolida-
tion with unit dry weights of 1 4 5 to 20.8
Ib per cu ft; a  very high compressibility ,
a short primary consolidation period due
to th e ope n porous nature o f peat an d
an exceptionall y long-tim e secondar y
consolidation o f importan t magnitud e

due probabl y t o interna l plasti c cree p
and yieldin g o f the fibrou s structur e o f
peat; the relatively heavy loading by the
earth fill and the degree of consolidation
attained unde r the overloadin g and th e
subsequent constructio n o f th e earth -
filled concrete barricades several months
later.

The specia l tes t condition s definitel y
introduced i n th e consolidatio n testin g
was the long consolidation tun e interva l
allowed under the design loading of 11 to
36 days in order to determine the magni-
tude an d tune-rat e o f secondar y con -
solidation, whic h was basic information
required i n thi s case . Becaus e o f th e
very compressible nature o f peat and of
the marke d disturbance effect s o f large
load increments , i t i s believed tha t th e
initial stres s should have been not larger
than YS  to n per sq ft and that the incre-
ments o f stres s afte r 1  to n pe r s q f t
should have been in a ratio of 0.5 instead
of th e usua l ratio o f 1.0 . In th e writer' s
experience n o difficult y ha s the n bee n
encountered i n determinin g th e natura l
initial stres s fo r suc h materials . Thi s
information i s essentia l fo r predictin g
the additional settlemen t t o be expected
beyond that already attained.

The paper by Messrs. Holtz and Gibbs
is also of special interest because it deals
with a  foundation material havin g very
objectionable settlemen t characteristic s
for hydrauli c structures , wher e flooding
of th e foundatio n soil s is a definite pos -
sibility. The more important controllin g
conditions in the situation are: the thick-
ness of the loess deposit, the exceptionally
loose natural compactness and open
structure, th e lo w percentage of natural
saturation, an d th e rathe r exceptiona l
natural coherenc e o f th e undisturbe d
material i n th e lo w moisture stat e du e
to cla y films at th e grai n contacts ; th e
relatively lo w compressibility unde r low
consolidation stresse s a t natura l mols -
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ture content , th e relativel y marke d in-
crease i n compressibilit y abov e th e
equivalent natura l initia l stres s asso -
ciated wit h a  breakdow n o f structure ,
and th e exceptionall y hig h compressi -
bility eithe r wetted under stress o r pre-
wetted, due to softening and elimination
of th e natura l bonds ; hydraulic type of
structure, characte r o f loading , an d
limitations o n the permissibl e total and
differential settlements ; an d eithe r th e
definite conditio n o f floodin g o f th e
foundation soils , o r o f ris e o f groun d
water to cause objectionable settlements
after construction ; th e possibilitie s o f
definitely improvin g foundatio n condi -
tions eithe r b y prio r treatmen t o r b y
treatment durin g an d subsequen t t o
construction.

The specia l tes t condition s definitely
introduced i n th e consolidatio n testin g
for thi s particular stud y were : (1 ) con-
solidation a t natura l moistur e withou t
flooding o f the specimen s to som e speci -
fied stress , followe d b y floodin g o f th e
specimen, and (2 ) consolidation o n pre-
wetted specimen s in order to determine
the comparativ e consolidation-settle -
ment-time relation s unde r suc h condi -
tions fo r differen t desig n stresses . I t i s
evident tha t thes e tes t condition s mus t
be introduce d int o consolidatio n o r tri-
axial compressio n testing, where an ap -
praisal o f the controllin g conditions in a
situation sho w definitel y tha t flooding
must be taken int o account, or that the
ground water may ris e to objectionabl e
heights. It must be emphasized, however,
that i f a n appraisa l o f th e controllin g
conditions i n a  particula r situatio n i n
regions of loessial soils or of soils possess-
ing simila r consolidatio n characteristic s
shows that the possibilit y o f such flood-
ing or rise of ground water are very re -
mote, then the soil s in the consolidation
test should be tested throughout at nat -
ural moistur e wit h n o floodin g o f th e

specimens, bu t wit h moistur e los s pre -
vented b y suitabl e means , a s the basi c
test condition . Thi s wa s th e essentia l
test condition use d in the consolidatio n
testing described in Case 1 of the writer's
paper i n orde r t o maintai n th e natura l
coherence in a  fully activ e an d effectiv e
state. An d a s a  matte r o f fac t an d of
interest, the use of flooding and of hosing
to compact the backfil l during construc-
tion was ruled ou t i n favo r o f more ex-
pensive and slowe r compaction methods
because of the possibility of objectionable
effects o n the natura l structur e an d co -
herence o f th e san d deposi t directl y
beneath the foundation of the structure .

The pape r b y Messrs . Shockle y an d
Mansur is also of special interest, because
it deals with the notably poo r and diffi -
cult foundation conditions encountered in
the deep and variable alluvial deposits of
the Lowe r Mississippi River . The more
important controllin g conditions i n th e
situation are : the great combine d thick-
ness of the thre e principa l compressible
strata, the relatively more rigid and less
compressible character an d load-spread-
ing capacit y o f the uppe r stratum 1  of
some 1 0 to 1 5 ft i n thickness ; th e com -
pressible characte r o f th e clay-soil s o f
strata 2  an d 3 , ari d fche relatively lo w
permeability and long-time consolidation
delay characteristics , a  stat e o f over -
consolidation in stratum 1 with a natural
initial stres s exceedin g th e overburde n
stress, an d a  stat e o f probable normal
consolidation i n th e underlyin g strat a
2 and 3: a height of compacted embank-
ment o f 24 to 3 0 ft wit h a rathe r grea t
width, a s affectin g th e magnitud e an d
depth o f penetratio n o f consolidatio n
stresses.

It ha s bee n th e writer' s practic e i n
such cases to establish a s closely as pos-
sible th e stat e o f consolidatio n an d t o
re-establish upo n the consolidatio n tes t
specimen th e natura l initia V stres s a t
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each depth b y ;the ! test conditio n o f an
unloading-reloading stress cycle , as dis -
cussed i n Cas e 2 . In th e stat e o f over -
consolidation th e ver y fla t reloadin g
stress-cycle curve , is used i n settlemen t
and time-consolidation analyses, starting
from th e overburde n stress . I n a  stat e
of natura l consolidatio n th e primar y
consolidation curv e i s use d fo r stresse s
imposed above the natural initia l stress.
The time-delay phenomena hi a state of
over-consolidation is much shorter. Thi s
fact togethe r wit h th e highe r intensit y
of stresses imposed in the upper stratum
1 ma y accoun t for the mor e rapi d rat e
of settlemen t observe d i n th e earl y
stages of consolidation than predicted .

Messrs. Matlock and Dawson describe
a useful method for consolidation research
testing, which should become an accurate
and valuabl e research tool , .particularly
hi th e development , investigation , an d
evaluation o f testin g equipmen t an d
test procedures , s o as t o achiev e repro-
ducibility of test results and an elimina-
tion of the personal element. The special
test conditio n introduce d wa s the com-
plete remoldin g o f clay-soil s an d th e
use o f de-aired, seasoned , an d extrude d
samples, by whic h a  high degree of uni-
formity of moisture content, consistency,
and structure could be achieved. Some of
the sprea d i n th e consolidatio n curve s
may have been due to differences i n the
completeness of remolding of the material
in the balloon just prior to extrusion of a
specimen wit h th e resul t tha t differen t
degrees o f structur e actuall y existed ,
which remaine d fro m tha t buil t u p b y
thixotropic effect s durin g the seasonin g
of th e material .

Mr. Karo l h i hi s paper has propose d
a rapi d techniqu e of consolidation test -
ing, whic h ma y serv e a  usefu l purpos e
for genera l classificatio n purpose s fo r
comparing different soil s regionally with
regard to their consolidation and shearing

strength characteristics . However , fo r
specific consolidatio n problems , acceler -
ated consolidatio n testin g technique s
cannot b e employed , becaus e o f th e
enormous importance o f the strap-rat e
and tune-consolidation effects upo n con-
solidation an d shearin g phenomena , a s
pointed ou t i n th e writer' s paper . Th e
argument tha t th e tun e require d fo r a
consolidation tes t i s inconsisten t wit h
the accuracy of the test data is not valid,
because i t i s the tune-dela y phenomena
that must be taken into account. Rather
the consolidatio n tes t procedure s mus t
be refine d t o produc e better agreemen t
between th e predicte d an d observe d
phenomena. Thi s i s the purpos e o f th e
controlled tes t method s an d o f a n ac -
curate an d complet e appraisa l o f th e
controlling condition s tha t dominat e i n
each particular , situation, a s illustrate d
hi the two cases cited .

Mr. Finn, hi his paper has called atten-
tion to a most important elemen t in con-
solidation testing, tha t ha s bee n give n
very little consideration, namel y th e ef -
ect of temperature on the consolidation
phenomena. I n thi s stud y it , was foun d
that temperatur e primaril y affecte d th e
tune-rate of consolidation i n th e cas e of
remolded materials There is some indica-
tion hi Fig. 6 that the temperature affect s
the stress-strai n curv e a s wel l wit h a
parallel vertica l displacement downward
under lowe r temperatures . I t ha s bee n
the writer's experience , however, hi test-
ing undisturbed elay-soils , that appreci-
able temperatur e variation s affec t th e
slope o f the pressure-void s rati o curve ,
sometimes to make the test results use-
less, making the slope flatter for tempera-
ture drop s an d steepe r fo r temperature
rises. I t i s believed that the nonrecover-
able displacements , whic h ar e a  larg e
proportion o f th e tota l consolidation ,
should b e mos t affecte d i n magnitud e
by temperature effects, since they are of a
plasto-elastic nature. Therefore the
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writer ha s becom e convince d tha t th e
essential tes t condition should be intro-
duced i n th e consol-testin g o f undis -
turbed sample s o f making the tempera -
ture throughou t th e tes t constan t a t
approximately the natural ground-water
temperature.

The paper by Mr. Barber is of interest
because i t deal s with a number of prob-
lems o f structure s founde d o n th e Po -
tomac River clays at Washington , D. C.
The mor e importan t controllin g condi-
tions in the situations are : the identifica-
tion, character , an d stratificatio n o f the
principal foundatio n soil s contributin g
settlements: th e compressibilit y an d
time-consolidation characteristic s of th e
soils,'the state of consolidation, an d th e
natural initia l stres s conditions ; type of
structure, characte r o f foundation load-
ing, an d permissibl e tota l an d differen -
tial settlement s an d th e possibilit y o f
improving foundation conditions by suit-
able method s an d b y fixing in advanc e
the saf e physica l limit s an d tim e se -
quences an d method s fo r construction .

The time-consolidatio n phenomeno n
was give n majo r consideratio n i n thi s
paper. I n vie w o f the importanc e of th e
state of consolidation and o f the natura l
initial stres s i n determinin g the usefu l
region o f the consolidatio n stress-strai n
curves to be used in both settlement and
time-consolidation analyses , an essentia l
test condition is the determination of the
natural initia l stress . Also for these com-
pressible type s o f clay and organi c soils,
the stres s increment s shoul d b e mad e
sufficiently smal l a t al l stage s o f th e
consolidation test , s o a s t o minimiz e
disturbance effect s t o th e soi l structure
which affect ' both th e compressibilit y
and th e time-dela y characteristic s fo r
aH subsequen t stres s increment s an d
tend t o a n underestimatio n o f the ulti -
mate settlements, an d an overestimation
of tfi e time-delay . In th e cas e where one
•'is^dfcaling wit h overconsolidate d clay -

spils, th e settlements are overestimate d
and the time^delay is also overestimated .
It woul d have bee n o f interest t o plo t
total expecte d settlement s o n eac h o f
the curve s fo r compariso n wit h th e
observed settlement s t o date.

MR. YASUMAR U Isnn.2—The problem
of evaluatin g secondar y consolidatio n
came up in a number of papers presented
at thi s symposium and i n some discus -
sions fro m th e floor . Thi s discussio n i s
concerned wit h a  ne w approach i n th e
interpretation o f the nature of consolida-
tion an d i n th e theoretica l treatmen t
leading t o solution s o f th e problem ,
which the writer developed in connection
with his studies of the rate of subsidence
phenomena a t Osaka , Japan, fro m 194 6
to 1950 , cause d b y th e lowerin g o f
ground-water levels . It i s believed tha t
this treatment wil l be of general interest
to thos e who have had occasion to dea l
with thes e phenomena . Thi s treatmen t
attempts t o clarif y th e natur e o f th e
phenomena and th e concept s of second-
ary consolidation , and provides a  work-
ing hypothesis , whic h goe s somewha t
beyond. the wor k o f Merchan t an d
Taylor3 in 194 0 and Taylo r 4  in 1942 .

The usua l practic e i n settlemen t
studies has been to estimate the time-rate
of consolidatio n o f cla y layer s b y Ter -
zaghi's consolidation theory,5 which deals
with primary consolidation only. Experi-
ence, however , has show n tha t second -
ary consolidation can reach considerable
magnitude in the cas e of certain plasti c
clays an d organi c silts wit h a consider -
able time delay. Althoug h the empirica l
procedure for determining secondary con-
solidation has been established by several
authors, th e proble m of how secondary

* Yasumaru Ishii, Chie f o f Soi l Laboratory . Research
Section Port and Harbor Bureau, Ministr y of Transporta-
tion, Japanes e Government.

* D. W . Taylor and W. Merchant, "A Theory of Clay
Consolidation Accountin g fo r Secondar y Compressions ,
Journal Mathematics  an d Physics (1940) .4 D. W . Taylor, "Research o n Consolidatio n of Clay s
S.82. " Massachusetts Institut e of Technology (1942) .

*K.Terzaghi, "Erdbaumechanik " (1925) .
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consolidation should be treated fo r prac-
tical purpose s ha s no t ye t bee n full y
clarified..

Consolidation Strains in Soils:
It i s generall y conceivabl e tha t th e

consolidation strain s i n soil s consis t o f
quasi-elastic strains o f soi l grains struc -
ture an d th e deformatio n cause d b y
slippage o f soi l grain s accompanie d b y
volume decrease . Th e forme r sustain s
external loa d whil e the latte r doe s not ,

of pore-water flow to th e deformatio n of
consolidating soil s wa s neglected , th e
quasi-elastic strai n versus  tim e curv e
«i ^ / , th e cree p versus  tim e curv e
€2  ̂t , might becom e a s illustrated i n
Fig. 1 . The € 2  ̂/  curv e woul d hav e
different shape s dpendin g o n the inten -
sity o f external loa d an d natur e o f soil .

Mathematical Expression  of  Creep:
As is well known, secondary consolida-

tion is indicated on the laborator y tun e

FIG. 1.—Quasi-Elasti c Strain versus  Time Curve.

a grea t par t of strain energ y being con-
sumed in th e interio r o f soil a s interna l
work. Bu t thes e tw o deformation s ar e
closely related to each other; for instance,
the deformatio n b y slippage ' o f soi l
grains eithe r increase s o r decrease s th e
rigidity o f elastic structure o f soi l grains .

The writer classifie d the consolidatio n
strains o f soil s int o thes e tw o parts ,
namely quasi-elastic strain, th e time-la g
of whic h migh t b e cause d mainl y b y
pore-water flow , an d cree p ( a gradua l
deformation cause d b y slippag e o f soi l
grains) th e tim e la g o f which is deter -
mined by behavior of the slippage as well
as by pore-wate r flow; If th e resistanc e

consolidation curv e (deformatio n versus
log time ) b y th e straigh t lin e portio n
of th e curve . O n th e basi s o f Kelvin' s
model6 fo r th e representatio n o f th e
behavior o f visco-elasti c materials , th e
following equatio n i s propose d fo r th e
creep phenomena.

where:
Ee i s the amoun t o f creep,
p i s th e constan t externa l loa d incre -

ment, ,
tin is the tim e factor o f creep,

• A. Nadai, "Theory o f Flo w and Fractur e of Solid."
McGraw-Hill Boo k Co. , Inc. , Ne w York, N . Y. , p . 42 2
(1950).
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j8B i s th e coefficien t o f creep , an d
/ is the time .

By successivel y adoptin g a  serie s o f
j8» and rjn, it is possible to express the
creep portion of time-consolidation curve
as exactly a s desired b y Eq 1 . The idea
of the summatio n of effects results in th e
essential differenc e betwee n the writer' s
and Taylor's conclusion.

By, changing the constan t loa d incre -
ment p in Eq 1 to the variable, the follow-
ing expression is obtained: (case w  =  1 )

r =  paramete r o f time.
Then th e loa d incremen t deformatio n
relation becomes:

a =  coefficien t o f quasi-elastic strain.
The writer solve d th e cas e w = 1  at

first, and the case « =  n  was estimated
by the results o f the case n =  I.

Proposed Consolidation  Equation  and
Solution:

Changing th e ter m o f -m,— i n Ter-

zaghi's consolidatio n equatio n t o th e
expression o f E q 3 , th e fundamenta l
consolidation equatio n includin g th e
creep phenomena is derived as follows :

This equatio n wa s readily solve d b y
the operationa l metho d fo r th e sam e
boundary condition s a s those tha t con -
trol in the consolidation test, yielding the
final equation a s follows :

where:
u = hydrodynamical exces s pore-wate r

, pressure ,
E/(per cent) =  percentag e consolidation,

and
p =  externa l loa d increment .

Examination of  the  Nature  of  Secondary
Consolidation:
Although th e solution s i n th e Eq s 5

and 6 appear t o be very complicated ^ it
is possibl e t o evaluat e th e importan t
relations between primary and secondary
consolidation b y the following numerica l
examinations:

GENERAL DISCUSSIO N
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The E q 5*-an d th e firs t ter m o f th e
Eq 6" ar e exactly th e sam e as those in
Terzaghi's solutions . Th e secon d ter m
of Eq 6* represents the expression of pure

creep. Moreover , th e valu e of

is far 1 larger than th e valu e of 17 . There-
fore, Eq 6* shows two separated curves :
one i s th e curv e o f pure primar y con -
solidation an d th e othe r th e curv e of
pure creep. This means that the portion
of creep which has smal l value of ij  pro -
viding the condition X >  50 , represents
itself as a pure creep in the consolidatio n
process having no relation with primary
consolidation.

From th e abov e derivation s th e fol -
lowing conclusion s are obtained :

1. Primar y consolidatio n consist s o f
quasi-elastic strain and the portion creep
which has the large value of i\ (X <  0.3) .
Secondary consolidatio n i s th e portio n
of cree p having small values o f 1 7 ( X >
50). Th e en d poin t o f primary consoli -
dation ca n b e determine d b y E q 5 , a s
the case of u = 0 . Hydrodynamically, it
means tha t externa l loa d incremen t i s
completely sustaine d b y soi l grain s
structure. Th e en d poin t i s easil y ob -
tained b y th e successiv e approximation
method from Eq 5 . .

2. Th e magnitude s o f primar y an d
secondary consolidatio n chang e by th e

X ca n also change by th e magnitud e o f
the thicknes s o f layer , h.  Therefore ,
however alik e al l th e othe r condition s
might be , th e coefficient s o f volum e
change, whic h ar e compute d fro m th e
primary consolidations , ca n hav e dif -
ferent values depending on the thicknes s
of clay layers.

3. Th e thicknes s of consolidating clay
layers in the field may reach in genera l
20 rn o r more , and, o n th e othe r hand ,
the thicknes s o f sample at laborator y i s
usually 2   ̂5  cm . This tremendou s
difference betwee n th e thicknes s o f
layers has the important meaning .

If, fo r example , k  —  10~ ° c m pe r
min, a =  10" 4 cm per g and n =  1,

then, i j =- 5 X KT4 //min = 0.72 I/day

This value of n is a usual one and cree p
begins t o appea r abou t one-hal f da y
after application o f load and it continues
about thre e o r fou r days . Th e reaso n
why secondar y consolidatio n appear s

value of X, The value

These equations ar e exactly the sam e
as thos e i n Terzaghi's solution s excep t
that th e coefficien t a  +  j 8 appear s in -
stead o f the coefficien t m^.  This means ,
if the condition X <  0.3 were established,
the proces s o f consolidatio n i s repre -
sented satisfactorily by Terzaghi's equa-
tion, that is, the portion o f creep which
has a  larg e value o f 7 7 i n satisfyin g th e
condition X  <  0. 3 behaves in the con-
solidation proces s a s i f i t wer e elasti c
strain. (Practicall y th e tim e la g o f thi s
creep can be assumed to b e zero.)
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even in the case of a stiff cla y in labora-
tory test , i s explained b y thes e deriva -
tions.

The portio n o f cree p whic h ha s th e
time la g o f 0.0158 pe r yea r might hav e
negligible magnitude , and , therefore ,
almost al l portion s o f creep wil l b e in -
cluded into primary consolidation. From
this standpoint the following conclusio n
is quit e reasonabl y derived : Terzaghi' s
consolidation theor y ca n b e applie d
without an y correction s fo r practica l
consolidation problem s in the . field, ex-
cept specia l cas e (settlement by gradual
shear deformation , settlement o f peat y
silt layer, an d so»on) , despite it s simple
assumption o n th e behavio r o f th e de -
formation o f th e consolidatin g cla y
layers. However , i t shoul d b e note d i n
this case that the coefficien t
must b e use d a s th e coefficien t o f vol -
ume change.

The valu e compute d fro m primar y
consolidation shoul d no t b e used . I t
has no meaning by itself.

Practical Suggestions  for the  Analysis  of
Secondary Consolidation:
In order to evaluate th e rate of settle-

ment of clay layers, the magnitude of the
coefficient of permeability , volum e
change, (a + 2  " )8n), and the thickness of
layer must be estimated. Th e coefficien t
of permeabilit y i s determined eithe r b y
direct measuring method o r by consoli -
dation test . Fo r determinatio n o f th e
coefficient o f permeability b y consolida -
tion test , i t i s necessary t o pick up the
pure primar y consolidatio n fro m time -
settlement curve.

The write r suggests the followin g ap -

proximate metho d fo r separatio n pro -
cedure o f primar y an d secondar y con -
solidation:

Two scales serve for this purpose, one
is th e typ e of

and th e othe r th e typ e of
having th e differen t magnitude s o f m*
and /3 . (Te n curve s fo r on e scal e ar e
enough.)

The difference betwee n the magnitude

and 7 7 results only in parallel
displacement o f curve s t o tim e axi s
(log o f t).  Therefore , b y shiftin g thes e
scales parallel to time axis, and by findin g
two curves , th e combinatio n o f which
corresponds with the observed curve, the
approximate valu e o f primar y consoli -
dation ca n be obtained . Th e successiv e
approximation method is very useful fo r
this purpose.

The coefficien t o f volum e chang e i s
very difficult to determine. Soil engineers
have estimate d thi s coefficien t fro m
either primar y consolidatio n o r 2 4 h r
consolidation. I t i s clearl y a  mistake .
Total consolidatio n mus t b e used . Th e
only metho d fo r determinatio n o f total
consolidation i s a long duration loadin g
test.

By adoption of total consolidation, th e
estimated rat e o f settlemen t become s
much smaller, despite the larger final set-
tlement.

Discussion of  the  Assumption Derived  by
the Writer:
The proces s o f primary consolidatio n

is hydrodynamically the process of trans-
mission o f load , whic h wa s sustaine d
temporarily b y th e resistanc e o f pore -
water flow , t o soi l grain s structure .
The end of primary consolidation means
that the total externa l load increment is

then
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sustained b y strai n o f soil . Secondar y
consolidation doe s not participate .

The write r introduce d quasi-elasti c
strain purel y theoreticall y a s the strai n
which resist s t o externa l load . I t coul d
not have practical correspondenc e to the
features o f void-pressure relation a t th e
present stage of soil mechanics. However,
the existenc e o f primary consolidation i s
an evidenc e o f th e existenc e o f load -
sustained strain o f soil . S o fa r a s th e
problem o f time lag o f soil consolidatio n
is concerned , th e existenc e o f load sus -
tainable strain i s a necessar y an d suffi -

cient conditio n fo r th e purpose s o f
analysis.

The propertie s o f soi l a s a  material ,
elastic o r plastic, reversible o r irreversi -
ble, cree p an d elasti c properties an d s o
on, need further extensive studies.
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Eq 4  becomes:

-The initia l condition
The boundary condition

This equation is a linear equation of second
order, and , therefore , the followin g expres -
sion can be used as a solution:

Ci, C%: dimensionless quantities,
Xi, X 2: time factors

As a function o f the solution , the expression

is adopted, which satisfies the boundary con-
dition. Then

SYMPOSIUM O N CONSOLIDATIO N TESTIN G o r SOIL S

APPENDIX

The fundamenta l equatio n i s written :

follow.
By substituting these expressions in Eq 8,

the following equation is obtained:By Laplace' s transformatio n formula , th e
second ter m o f Eq 4  i s transforme d a s fol-
lows:

Changing u' — » p —  u, the abov e conditions
become:

From Eq s 1 1 an d 10 , X i an d X2 ar e written
as follow s b y comparin g coefficients o f each
term.
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to zero:Then E q 9  becomes:

On the other hand, p i s expressed b y Fou- t  =  0
rier's series :

From Eqs 8, 1 2 and 1 3 the followin g rela -
tions are obtained by using initial condition:

From Eqs 1 4 and 15 , Ci and C a are obtained

On the othe r hand , a t t  =  0 , creep =  0 ,

therefore, computing A n(t), and equalizing
By these values Eqs 5 and 6 are easily intro-
duced.




