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PERVIQUS INCOMPRESSIBLE STRATUM

CONDITIONS BEFORE LOADING

Settlement and Volume Expansion
Settlement of Cohesive Solls (Part Il)
Consolidation and Time Considerations
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CONDITIONS DURING LOADING




COMPUTATION OF SETTLEMENT

AK = SETTLEMENT FROM CONSOLIDATION

Ae = DECREASE IN VOID RATIO QORRESPQNDING TO A
STRESS INCREASE FROM P TO(Fy+ AP} AT THE
MID -HEIGHT OF THE LAYER M1.

IF Ae 1S DETERMINED DIRECTLY ON THE (#-LOGP)
CURVE FROM LABORATORY CONSCLIDATION
TEST, AH 1S COMPUTED AS FOLLOWS

4 H Ae
FEG : %T A= ireg MY

IF COMPRESSION INDEX Ce 1S INTERPRETED FROM
A SERLES OF SEMILOGARITHMIC {&-P) CURVES
OF CONSOLIDATION TESTS, AM IS COMPUTED
AS FOLLOWS:

AH = EﬁL [ LOG M)
| +80 P‘D

AH MAY BE COMPUTED FROM Oy THE SLOPE OF
ARITHMETIC (& -P) CURVES,IN THE RANGE
FROM (Pp) TO (Py + AP}

AH = 9yAPHy g, - 0435Cc
| + 80 ¥V P+ AP/2




Overconsolidation complicates the analysis of
primary settlement because the ground being
compressed acts as If the previous overburder
pressure Is still being applied, irrespective of
current overburden conditions

Requires dividing the settlement analysis into
two parts

Sometimes referred to as preconsolidation



The ratio of the maximum overburden stress

a soll has experienced to the present
overburden stress

If OCR >1, the soll iIs overconsolidated
If OCR ~1, the soil is normally consolidated

If OCR <1, the soll iIs underconsolidated
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OCR =6.6/0.3 = 22

5 tsf additional load

With overburden: 5 + 0.3 = 5.3 tsf
0.3 <5.3<6.6, thus use

S, = (6)(12)/(1+1.05)(0.078)qu5.3/0.3)
=3.42"



7.5 tsf additional load

With overburden: 7.5 + 0.3 = 7.8 tsf
6.6 < 7.8, thus use

S, = (6)(12)/(1+1.05)((0.078)qg(6.6/0.3)
+(0.42)log (7.8/6.6)) = 4.75"
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Assume square foundation (B/H = 1)
For OCR = 22, from charty = 0.6

5 tsf load
Original Settlement = 3.42”
Adjusted Settlement = (0.6)(3.42) = 2.05”
7.5 tsf load

Original Settlement = 4.75”
Adjusted Settlement = (0.6)(4.75) = 2.85”




Multiple layers can be handled by computing
the single layer consolidation for each and
summing the displacements

Take care to properly compute or assign the
additional vertical stresses generated by the
surface load for each layer (not all of the
stresses will be the same)

Take care when dealing with overconsolidated
solls to properly understand the consolidation
region for each layer



Secondary compression settlement is a fokm o
soll creep that is largely controlled by the rate
at which the skeleton of compressible soills,
particularly clays, silts, and peats, can yield
and compress.

Secondary compression is often conveniently
identified to follow primary consolidation

when excess pore fluid pressure can no longer
be measured; however, both processes may
occur simultaneously.



Formula

C = coefficient of secondary consolidation

t = time at end of consolidation compression

t, = time at end of time period of interest in
settlement computations



Given

As shown

Expected time for
primary consolidation
~ 13 years

Desired life of
structure = 110 years

Find

Secondary
Consolidation




Primary Compression Calculation

FOR I00% PRIMARY mﬂﬁnumrﬂﬂ
-b-—-—!) -—[m—ltn.mhﬁ_mm

Po

Secondary Compression Calculation

(16'/2)(12 in./ft.)(0.010)(log(110/13))/(1+1) =
0.45”

Total Compression = 6.35 + 0.45 = 6.80”

AM. ; 0.0 0% (I






Consolidation Is a process that takes place
over time and is the result of two processes:

Dissipation of excess pore water pressures created
by surcharge or new foundation loads at the
surface. This takes place when the excess water IS
drained from the soll

Rearrangement of the soil particles (“soll
skeleton”) to reflect new effective stress conditions

created by foundation or surcharge
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Porosity Relationship

Ae
A N=

Coefficient of Volum 1 + eo
Compressibility

Substituting,
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(a) Vertical section through thin horizontal slice of consolidating layer
showing hydraulic pressure conditions at boundaries of slice; (b) section through
consolidating layer, showing hydraulic boundary conditions.




A AV, _ (V,—V,) Ot A
V- dz A

dv oV

AN=—0t=—210t1
dz 0Z

Substituting,
0z 1+e, Ot "ot







Rearraging,

Bounday conditions are the conditions of

drainae at the surfaces of the consolidgtin
layer

Initial conditions are the effective stress and
pore water conditions



Speed of the drainage depends upon the
conditions at the boundaries of the drainage

Drainage can be one or two ways

Distribution of initial pore pressure can affect
time rate of consolidation

TWO WAY DRANAGE DISTRIBUTION OF INITIAL
PORE PRESSURE
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Formula

T, = time factor for vertical drainage

H, = longest distance of drainage to pervious
surface

Usually depth of layer for single drainage, half of layer
depth for double drainage

C, = coefficient of consolidation



TIME FACTOR,Ty

CONSOLIDATION WITH VERTICAL DRAINAGE
INSTANTANEQUS LOADING
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Given
As shown
Find

Relationship of time of
consolidation with
time factor
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