




� Consolidation is the process of gradual 
transfer of an applied load from the pore 
water to the soil structure as pore water is 
squeezed out of the voids.

� The amount of water that escapes 
depends on the size of the load and 
compressibility of the soil.

� The rate at which it escapes depends on 
the coefficient of permeability, thickness, 
and compressibility of the soil.



g ram Demonstratin g  

Consolidation

Diagram from Terzaghi 
and Peck (1948)



� Two questions need to be answered 
by consolidation analysis:

� How much will the structure settle?
� Generally referred to as the “settlement” 

question

� How long will it take for it to do so?
� Generally referred to as the “consolidation” 

question



Apparatus

� Consolidometer
� Porous stones more pervious than the 

specimen of soil should be used to permit 
effective drainage.A clearance of about 
0.010” to 0.015” around the stone generally 
will be adequate; however, if very soft soils 
are tested, a smaller clearance may be 
desirable or retainer rings may be used.



Apparatus

� Consolidometer
� Loading devices of various types may be 

used to apply load to the specimen.  The 
most commonly used is the beam-and-
weight mechanism. The loading device 
should be capable of transmitting axial 
load to the specimen quickly and gently.  
In addition, the equipment should be 
capable of maintaining the load constant 
for at least 24 hours.

� Dial Indicator.



Apparatus

� Equipment for Preparing 
Specimens.

� A trimming turntable 
operated as a vertical lathe is 
commonly used in preparing 
specimens. Suitable 
trimming knives notched to 
fit the thickness of the 
consolidation ring, a wire 
saw with 0.01” diameter 
wire, and a metal 
straightedge or screen are 
also required.



Apparatus

� Other items needed
� Balances, sensitive to 0.1 g and 0.01 g.

� Timing device, a watch or clock with second 
hand

� Centigrade thermometer, range 0 to 50º C, 
accurate to 0.1º C.

� Distilled or demineralised water

� Filter papers and glass plates

� Apparatus necessary to determine water 
content and specific gravity 



Preparation of Specimens

� General Notes
� Specimens shall be prepared in a humid 

room to prevent evaporation of soil 
moisture.  Extreme care shall be taken in 
preparing specimens of sensitive soils to 
prevent disturbance of their natural 
structure.

� Preferably, specimens of compacted soil 
should be compacted to the desired 
density and water content directly into 
the consolidation ring, in thin (1/4 to 
3/8”) layers.



Preparation of Specimens

� Using a wire saw, knives, or other tools, trim the 
specimen into approximately cylindrical shape 
with a diameter about ½” greater than the inside 
diameter of the specimen ring.  

� Place the specimen ring on the rotating wheel 
and the specimen on the ring, starting the bottom 
into the ring.  Use a cutting tool to trim the 
specimen to accurate dimensions, place a glass 
plate on top of the specimen, and gently force 
the specimen down during the trimming 
operation.  The specimen shou1d fit snug in the 
consolidation ring.



Preparation of Specimens

� Cut off the portion of the specimen remaining 
above the ring with a wire saw or knife (or 
other convenient tool for harder specimens). 
Carefully true the surface flush with the 
specimen ring with a straight edge.  If a 
pebble is encountered in the surface, remove 
it and fill the void with soil.  Place a glass 
plate (previously weighed) over the ring and 
turn the specimen over.   Cut off the soil 
extending beyond the bottom of the ring in 
the same manner as that described for the 
surface portion.  Place another glass plate on 
this surface, and again invert the specimen to 
an upright position, removing the metal disk 
if one was used. 



Procedure
� Record all identifying information for the 

specimen, such as project number, boring number, 
and other pertinent data, on the data sheet; note 
any difficulties encountered in preparation of the 
specimen.

� Measure and record the height and cross-sectional 
area of the specimen.  Record weight of specimen 
ring and glass plates.  After specimen is prepared, 
record the weight of the specimen plus tare (ring 
and glass plates), and from the soil trimmings, 
obtain 200 g of material for specific gravity and 
water content determinations.

� Record the wet weight of the material used for the 
water content determination on the data sheet.



Procedure
� Fill the grooves in the base of the 

consolidometer with water. Fit the porous 
stone (previously saturated with water) 
into the base of the consolidometer.  Add 
sufficient water so that the water level is at 
the top of the porous stone.  Place a moist 
filter paper  over the porous stone.  Place 
the ring with the specimen therein on top 
of the porous stone.  If the fixed-ring 
consolidometer is used, secure the ring to 
the base by means of clamps and screws.



Procedure

� Place a moist filter paper on top of the 
specimen, and then place the previously 
saturated top porous stone and the loading 
plate in position.

� Place the consolidometer containing the 
specimen in the loading device.

� Attach the dial indicator support to the 
consolidometer, and adjust it so that the 
stem of the dial indicator is centred with 
respect to the specimen.



Procedure

� Adjust the loading device until it just 
makes contact with the specimen.  The 
seating load should not exceed about 
0.02 kip/ft².

� Read the dial indicator, and record the 
reading on a data sheet  This is the 
initial reading of the dial indicator.



Procedure

� Apply a 0.5 kip/ft2 load to the specimen.  
The temperature should be constant 
during the loading cycle.  The humidity 
around the specimen should be around 
100%.  Avoid swelling of the specimen 
to produce a definite preconsolidation 
point.



Procedure

� Consecutive 
Loads on 
Specimen

� .5 ksf

� 1 ksf

� 2 ksf

� 4 ksf

� 8 ksf

� 16 ksf

� 32 ksf

� Times to Record Data 
for Each Load

� 0.1 min

� 0.2 min

� 0.5 min

� 1.0 min

� 2.0 min

� 4.0 min

� 8.0 min

� 15 min

� 30 min

� 1 hr

� 2 hr

� 4 hr

� 8 hr

� 24 hr



Time Consolidation Curve
(for each load)



Procedure

� Record the dial reading for each load 
increment at completion of primary 
consolidation for each load (usually 24 
hours)

� Remove load in decrements, recording 
dial indicator readings

� Conduct a water content test on 
specimen after unloading is complete



Computations

� Compute also:
� Void ratio for each point at 

the end of loading

� Dial reading correction



Presentation of Results
� Plot Void Ratio vs. Pressure Curve (including 

unloading curve)



Presentation of Results

� Better to plot semilog curve



Presentation of Results

� Compute coefficients Cr and Cc

Pressure p, tons/ft2

If p2 = 10p1, 
then Cc = e1-e2



Possible Errors

� Specimen disturbed during trimming

� Specimen not completely filling ring

� Galvanic action in consolidometer

� Permeability of porous stones too low

� Friction between specimen and 
consolidation ring

� Inappropriate load increment factor

� Unsatisfactory specimen height or 
thickness



Compression Index

Overburden Pressure

(Normally Consolidated Soils)

Compression 
Index



Estimates of Compression 
Index

Soil Cc

Inorganic soils
with sensitivity less than 4 0.009(LL - 10)
Organic soils, peat 0.0115Wn
Clays 1.15(eo - 0.35)
 0.012Wn

 0.01(LL - 13)
Varved clays

(1 + eo) [0.1 + 0.006(Wn - 25)]
Uniform silts 0.20
Uniform sand
Loose 0.05 to 0.06
Dense 0.02 to 0.03



Primary Compression 
Settlement

� Primary Compression Settlement

(normally consolidated soils)

� Ho = original height of layer being 
compressed

� eo = original void ratio

S pc�
H o

1�eo

Cc �log10 ��vf�log10 ��vo�



Sample Consolidation 
Problem

� Given
� Clay stratum, normally consolidated

� LL= 45

� 25' thick

� Water Content = 40%

� Specific Gravity of solids = 2.78

� Sand Layer above clay layer and at surface
� 35' thick

� Unit weight of soil above phreatic surface = 110 pcf

� Submerged weight of soil below water table= 65 
pcf

� Depth of water table = 15'



Sample Consolidation 
Problem

� Given
� Building placed on surface

� Increases the vertical stress in the clay layer 
by 1.2 tsf (2400 psf)

� Find
� Average settlement on building



Sample Consolidation Problem



Sample Consolidation Problem



Questions?


