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1. Introduction

The equation was derived from a continuous foundation with general shear. The
supporting material was assumed to be a thick layer of homogenous soil [1]. Theory
of the UBC of two-layer soil to the cases of three-layer soils. The analysis compared

well with the results of model tests and the strip and circular footing on a two-soil
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layer. The same theoretical failure mechanism was assumed by considering a soil
mass of the upper two layers is pushed into the lower layer and the same force acting
on the failure surface [2]. The UBC of dense sand overlying medium clay increases
as increasing in the sand thickness ratio, H/B, and width of footing, B [3]. There was
an increase in the UBC of clay overlying sand with an increase in clay thickness ratio
H/B While there was a decrease in cases of sand overlying clay with the increase in
2020) [4]. Sand thickness ratio. In this, the paper studied some cases of the UBC of
strong soil layer over weak soil layer for square footing as follows:- strong sand layer
over weak clay layer [ @, =0 ], Strong sand layer over weak sand layer [C; =(, =0],
Strong clay layer over weak clay layer [ @;= 0, =0, C; > (; ], Strong layer over weak
layer [ two layers ( C - @ ) soils. Operation analysis and compassion results value the

UBC for the previously studied cases [5].

2. Equations for Calculation of the UBC of Strong Soil Layer over
Weak Soil Layer.

There are special for a strong soil layer over a weak soil layer based on the general

equations, some special cases may be developed they are as follows:
2.1  Strong Sand Layer over Weak Clay Layer [ @, = 0].

Equation of the UBC for a strong sand layer over a weak clay layer for this case [ (;
=0, Ca =0. Also for @, =0, Ny, =Ny =0, Njp =11].

B D
qu =C, N¢z Scz + v, H? (1 +Z) (1+2?f)(K5 tan @ ) +y; Dy < (v1 Df) Ny Sq1+% v1 B
N)/l S]/l ) (1)

Where B = Width of foundation, H = thickness of the stratum from the base of the
footing K =gpunching shear coefficient, Dy = the thickness of the foundation
embedded in the subsoil [6].

Y = unit weight of soil, N, Ng N, = bearing capacity factors, S, SqSy = shape factors
2.2 Strong Sand Layer over Weak Sand Layer [C; = C; = 0].
In this case, [ (; =0 and C, =0 ]. The equation of the UBC can be given as:- q,= v,

1 D Kgtan @
(Df +H ) =Ny Sq2 + > VZBNVZS)/2+V1H2(1+27f)(%)'V1HSQt

1
gt =(v1 Df) Ng1 Sqa+ > " BN, 51 ). (2)
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2.3  Strong Clay Layer over Weak Clay Layer [@, =®, =0, C; > (,].

In this case,N,; and N, are both equal to one and N,,= N,, = 0. The equation of the

2CqH
B )V1Df = q;

=(C1N¢1 Scq) + vaDy - (3)

ultimate bearing capacity can be given as:- q,= C, N¢p Sco +(1+ ; ) (

2.4 Strong layer over weak layer [ two layers ( C- @ ) soils]. [2]

Using the equation Purushothamaraj et . al (1974) [7] to estimate the UBC for two
layers system ( C - @) and the bearing capacity factor for Terzaghi, Meyerhof,
Hansen, and Vesc, and give many charts for N, factors and to obtain modified @ C

values as follow:-

1- Compute the depth H=0.5B tan [ 45 + % ] using @, for the top layer. 4)

dp, +(H-d) 0,

2- If H > d compute the modified value @ for use as: @' = [ - ]

c, _ [ dCi+(H-d)Cy

— ] and using the bearing capacity equations. %)

3. Ultimate Bearing Capacity Calculation for Layered Soils
Models

Calculated the UBC of layered soils for square footing using  different theoretical

by assuming some models for previous cases.

3.1 Strong Sand Layer over Weak Clay Layer Model.
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Figure (3.1) Strong sand layer over weak clay layer
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Table (3.1) The calculated UBC for a strong sand layer over a weak clay layer

Equation The UBC (KN/M?)
Terzaghi 472.12
Meyerhof 462.39
Hansen 513.293
Vesic. 281.08
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Terzaghi Meyerhof Hansen Vesic

Figure (3. 1) plan shows the values of the UBC for a strong sand layer over a weak

clay layer
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3.2 Strong Sand Layer over Weak Sand Layer Model [C;=(,=0,
Y1 > Y2l
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Figure (3.2) strong sand layer over the weak sand layer

Table (3.2) The calculated UBC for a strong sand layer over a weak sand layer

" Equation The UBC (KN/M?)
Terzaghi 2048.9
Meyerhof 2192.7
Hansen 2180.33
Vesic. 2031.4
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Terzaghi Meyerhof Hansen Vesic

Figure (3.2) plan shows the values of the UBC for a strong sand layer over a weak

sand layer.
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3.3 Strong Clay Layer over Weak Clay Layer Model[®,=0,=0, C;> C,].
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Figure (3. 3) strong clay layer over the weak clay layer

Table (3. 3) the calculated UBC for a strong clay layer over a weak clay layer

Equation The UBC (KN/M?)
Terzaghi 450
Meyerhof 406.63
Hansen 408.29
Vesic. 408.29
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Figure (3.3) plan shows the values of the UBC for

a strong clay layer over a weak clay layer

3.4 Strong layer over weak layer [ two layers ( C - @ ) soils

Model].
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Figure (3.4) Strong layer over weak layer [ two layers ( C - Q) ) soils]
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Table (3. 4) the calculated UBC for the Strong layer over the weak layer [ two
layers ( C - @ ) soils]

Equation The Ultimate Bearing Capacity (KN/M?)

Terzaghi 2563.88
Meyerhof 3120.36
Hansen 2967.17

Vesic. 3074.33
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Figure (3. 4) plan shows the values of the UBC for the Strong layer over the weak
layer [ two layers ( C - @) soils]

4. Results and Discussion

Analysis and comparison, the values of results of the UBC of a strong soil layer over
a weak soil layer for all the cases studied were in the case of a strong sand layer over
a weak clay layer for Hansen equation give large value, it is higher 15.7 % than
means average and Vesic equation is less 53.8% than the means average. As the
results values of the ultimate bearing capacity for a strong sand layer over a weak
sand layer, are approximate, the Meyerhof equation value is higher by 3.6% than the
means average and the Vesic equation value is less than 4 % than the means average.
while the results values of the UBC for a strong clay layer over a weak clay layer, the

Terzaghi equation gives a higher value it is higher by 7% than the means average
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and the Meyerhof equation value is less than 2.9% than the means average, while

the rest of the results are approximate. As for the results values of the UBC of the
strong layer over the weak layer [ two layers ( C - @ ) soils] are generally large. The Meyerhof
equation value gives a large value, it is higher than 6% than the means average and the
Terzaghi equation value is less than 14.3% than the means average.

5. Conclusion

1- The results achieved from the UBC for layered soil of the same case by using most

equations gave approximate values.

2- The results value the UBC of the layered sand is larger than the UBC of both cases
layered clay and sand layer over clay layer, they are approximately 80% higher

according to the means average.

3- Strong layer over weak layer [ two layers ( C - @ ) soils] are strongest to bear loads
of the square foundation than all other cases according to the results value of the
UBC that was greater than all other studied cases, while values of the ultimate

bearing capacity of layered clay are the weaker.

4-In the study it is important to use a lab model of layered soils in different cases
and calculate the values results of the UBC and compare results with theoretical

results of the same cases.

References

[1] Braja, m, Das, Shallow Foundations Bearing Capacity and Settlement, (1941), Second
Edition, Boca Raton, 334.

[2] Joseph, E, Bowles, Foundation Analysis and Design, (1997), Fifth Edition, Mcgraw —
Hill Book Company, New York, 1201.

[3] Barja, M, Das, Principles of Geotechnical Engineering, Fifth Edition, California State
University, Sacrament, 767.

[4] Barja, M, Das, Principles of Foundation Engineering, (2006), Sixth Edition, India, 480.

[5] Ian, Smith’s, 2006, Elements of Soil Mechanics, (2006), Eighth Edition. Napier
University, Edinburgh, Blackwell publishing company, 552.

[6] Sam Helwany, Applied Soil Mechanics: With Abaqus Applications, (2007), Sam
Helwany John Wiley & Sons, Inc, New Jersey, simultaneously, Canada, 398.

[7] Abdul Hafis O.Al-Sheneawy & Awad A.Al- Karni “Derivation of Bearing Capacity
Equation for a two Layered System of Weak Clay Layer Overlaid by Dense Sand
Layer, (2005), Pertanika J. Sci. & Techno . 13(2): 213 — 235, 23.

Vol. 2(2), October 2023



