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Settlement of Shallow Foundations
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Question:
Ignore the immediate settlement, and calculate total consolidation settlement of soil
profile composed of two different types of clay, 1.e. Clay 1 and Clay 2 due to 150 kPa net

foundation loading. Take unit weight of water as 10 kKN/m’ Note that G . (or sometimes

shown as 6 p) is the preconsolidation pressure.
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Yary = 19 kN/m?

Y= 20 KN/m’

6 m C,=0.05:C.=0.15
e, =0.80: 6 . = 80 kPa

L]

Vsat = 20 KN/m’
C,=0.03;:C.=0.10
CLAY 2 6 m| e, =0.60; 6. =200 kPa

////////'/////////////////////
INCOMPRESSIBLE
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Solution:

Settlement will take place due to loading (quet = 150 kPa) applied at a depth of 2 m. Thus,

all (consolidation) settlement calculations will be performed for clayey soil beneath the
foundation (z > 2 m).

Reminder: General equation of 1D consolidation settlement (one dimensional vertical
consolidation) for an overconsolidated clay 1s;

C o! C o,
Scip = d Hlug( f ) +— Hlng( U',f)
1+e, Ty o 1+e, g/

Note that, all calculations are done for the mid-depth of the compressible lavers under
the loading.
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Consolidation settlement i Clay 1:

Initial effective overburden stress, ij?.] =(2*19) + (3*(20-10)) = 68 kPa

Stress mcrement due to foundation loading, Ac=[150*(10*10)] / [(10+3)*(10+3)] = 88.8
kPa

Final stress, 6 vs= 68 + 88.8 = 156.8 kPa

This 1s an overconsolidated clay (overconsolidation ratio OCR = Ge! csjv:_{. =80/ 68 =
1.0) : and the final stress, G yr1s greater than 6 . ( 6 v¢ > G . ) therefore we should use both
C; and C. m consolidation settlement calculation (see figure below).
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This 1s an overconsolidated clay (overconsolidation ratio OCR = Go! csjv:_ﬂ =80/ 68 =
1.0) : and the final stress, ¢ r1s greater than 6. ( 6 vf > 6 ) therefore we should use both
C; and C. 1n consolidation settlement calculation (see figure below).

e (void ratio) Recompression curve: C, = Ae / Alogo’
A

Compression curve (virgin
line): C. = Ae / Alogo’

, i > )
6.=80kPa | log o

G v =68 kPa 6 vr=156.8 kPa
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This 1s an overconsolidated clay (overconsolidation ratio OCR = Go! csjv:_ﬂ =80/ 68 =
1.0) : and the final stress, ¢ r1s greater than 6. ( 6 vf > 6 ) therefore we should use both
C; and C. 1n consolidation settlement calculation (see figure below).

05

S _{ 0. " (80)} {0.15 (1568)}—0158 _ e @
e1p = 1T 080 » 108 (53 +J]l+0.80()“g 30 J_ m=Lo.ecm
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Consolidation settlement in Clay 2:

Initial effective overburden stress, G’v?.;, =(2%19) + (6™(20-10)) + (3*(20-10)) = 128 kPa

Stress increment due to foundation loading, Ac=[150*(10*10)] / [(10+9)*(10+9)] = 41.6
kPa

Final stress, 6 ys= 128 + 41.6 = 169.6 kPa

This 1s an overconsolidated clay (overconsolidation ratio OCR = G/ G},ﬂ =200/128 =
1.0) : and the final stress, 6 y¢1s less than 6. ( 6 v < 6 . ) therefore we should use only C;
1in consolidation settlement calculation (see figure below).

[Note: If a soil would be a normally consolidated clay (OCR =¢ . / ij}ﬂ =1.0), we would
use only C. 1 consolidation settlement calculation. ]
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e (void ratio) Recompression curve

Compression curve (virgin
Line)
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Total Consolidation Settlement (1D):

Seip =159+ 14 =17.3cm
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