


Bearing Capacity
of shallow foundation systems

ظرفيت باربري شالوده هاي سطحيظرفيت باربري شالوده هاي سطحي



واژگانواژگان
سازه و  مجموعه بخش هايي از سازه و خاك در تماس با آن كه وظيفه انتقال بار بين:  پي

.زمين از طريق آن صورت مي پذيرد

.پي هايي كه در عمق كم و نزديك سطح زمين اجرا مي شوند:  شالوده

.بزرگتر باشد 6پي هايي كه نسبت عمق به كوچكترين بعد افقي آنها از :  شمع



Foundation is a structure that transmits loads to the underlying soils.
Footing is a foundation consisting of a small slab for transmitting the structural load to the underlying soil.
Footings can be individual slabs supporting single columns (Figure a) or combined to support two or more
columns (Figure b), or be a long strip of concrete slab (Figure 12.2c, d; width B to length L ratio is small,
i.e., it approaches zero) supporting a load-bearing wall, or a mat (Figure e).
Embedment depth (Df) is the depth below the ground surface where the base of the foundation rests.
Shallow foundation is one in which the ratio of the embedment depth to the minimum plan dimension,
which is usually the width (B), is Df /B < 2.5.
Ultimate bearing capacity is the maximum pressure that the soil can support.
Ultimate net bearing capacity (qu) is the maximum pressure that the soil can support above its current
overburden pressure.
Ultimate gross bearing capacity (qult) is the sum of the ultimate net bearing capacity and the overburden
pressure above the footing base.
Allowable bearing capacity or safe bearing capacity (qa) is the working pressure that would ensure a
margin of safety against collapse of the structure from shear failure. The allowable bearing capacity is
usually a fraction of the ultimate net bearing capacity.
Factor of safety or safety factor (FS) is the ratio of the ultimate net bearing capacity to the allowable net
bearing capacity or to the applied maximum net vertical stress. In geotechnical engineering, a factor of
safety between 2 and 5 is used to calculate the allowable bearing capacity.
Ultimate limit state defines a limiting stress or force that should not be exceeded by any conceivable or
anticipated loading during the design life of a foundation or any geotechnical system.
Serviceability limit state defines a limiting deformation or settlement of a foundation, which, if exceeded,
will impair the function of the structure that it supports

DEFINITIONS OF KEY TERMS



ULTIMATE bearing capacity qult حداکثر تنش قابل تحمل برای پی

SAFE bearing capacity qsafe پس از اعمال ضريب اطمينان بر 
qull

SERVICE bearing pressure  qserv حداکثر بار بر اساس معيار نشست

ALLOWABLE bearing capacity  qall یحداکثر بارمجاز قابل اعمال بر پ

1.  Safe bearing capacity or strength
2.  Allowable bearing pressure

ظرفيت باربري مجازظرفيت باربري مجاز
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ForceRotational Failure

Soil Heave Resistance
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BEARING CAPACITY OF SOILS



Soil Response to a Loaded Footing

Conventional failure mechanisms



اييروش هاي تعيين ظرفيت باربري نهاييروش هاي تعيين ظرفيت باربري نه
   

آزمايش بار گذاري تمام مقياس •

آزمايش بار گذاري بر روي مدل هاي مقياس شده •

آناليز تعادل حدي •

روش هاي عددي مثل اجزاء محدود •
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for u = 0 soils
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حل

:داريم ) گوشه پی(با ممان گيری حول نقطه مرکز

Disturbing moment = restoring moment

qullB(0.5B) = (cuB)B

qull = (2)cu

qull = 6.3 cu



for u = 0 soils
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حل
Shear stress

Active statePassive state
Principal stress

= HaHp qu

cu

0

qu = 4cu



• Lower bound estimate (safe)         

• qu = 4cu       

The correct answer:           

qu = 5.14cu

• Upper bound estimate (unsafe)    

• qu = 6.3cu

جواب دقيقجواب دقيق



COLLAPSE LOAD USING THE LIMIT
EQUILIBRIUM METHOD

The exact solution to our problem,
using more complex analysis than the
limit equilibrium method
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كيمكانيسم ترزاقي براي گسيختكيمكانيسم ترزاقي براي گسيخت
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رابطه عمومي ترزاقيرابطه عمومي ترزاقي



رابطه عمومي ترزاقيرابطه عمومي ترزاقي



     γqocu γBN5.0NqNcq 

Cohesion term

Surface 
surcharge term

Soil self-
weight term

Terzaghi Bearing Capacity Equation
- for a long “strip” footing















مثالمثال
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مكانيسم مايرهوف براي گسيختكيمكانيسم مايرهوف براي گسيختكي





Conventional failure surface.

1. The soil is a semi-infinite, homogeneous, isotropic, weightless, rigid–plastic material.
2. The embedment depth is not greater than the width of the footing
3. General shear failure occurs.
4. The angle u in the wedge is . Later, it was found (Vesic, 1973) that

5. The shear strength of the soil above the footing base is negligible. Later, Meyerhof (1951)
considered
the shear resistance above the footing base.
6. The soil above the footing base can be replaced by a surcharge stress
7. The base of the footing is rough.

BEARING CAPACITY EQUATIONS



Geometric Factors for Use in Theoretical Bearing Capacity 
Equations



اثر سفره آب زير زميني

























بارگذاري خارج از مركز



Eccentric Loads بارگذاري خارج از مركز



بارگذاري خارج از مركز



بارگذاري خارج از مركز



بارگذاري خارج از مركز

















ظرفيت باربري با استفاده ازبارگذاري صفحه









تحليل پي بر اساس سرعت بارگذاري

نقش سرعت بارگذاري -1
ارتباط زهكشي و سرعت -2
آناليز كوتاه مدت و دراز مدت -3



General Loading Conditions



Geometric Factors for Use in Theoretical Bearing Capacity 
Equations



The General Bearing Capacity Eqn.
Considers 
 rigidity of soil, (r)
 shape of footing, (s)
 depth of embedment, (d)
 Inclined load, (i)
 base inclination, (b)
 ground inclination, (g)

     γqoqqqqqccccccu BNγ5.0gbidsNqgbidsNcgbidsq  rrr qc

Note: shape factors not used with inclination factors
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تمرين هاي حل شده 




























