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CEE 3514 – INTRODUCTION TO SOIL MECHANICS Course Handout #7 By Dr. M. Gutierrez STRESSES IN SOILS Effective Stress Principle Contact area = a
 a
 Pn P1 Cross-sectional area, A.
 a’
 A
 In-situ or geostatic stresses:
 A
 Dry soil γd
 Hs
 The total load or stress σ across line a-a’ consists of two parts: 1) The load carried by the water (the pore pressure) 2) The load carried by the soil grains at the point of grain contacts (the effective stress) Effective stress:
 APPPP n++++
 =...
 ' 321σ
 If as=a1+a2+a3+…+an is the cross-sectional area occupied solid-to-solid grain contact, then the space occupied by water per unit height is : A-as. Consequently, the total stress along a-a’ is:
 )1('' ss ap
 aAp −+=
 −
 += σσσ
 Effective stress law: Total stress = effective stress + pore pressure Effective stresses and not total stresses control the mechanical behavior of soils.
 A Since as is very small: σ =σ’+p
 Vertical stress at a point a:
 Areasoildry ofWeight
 =sσ
 sdsdd
 v HAAH
 AW
 γγ
 σ ===
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INTRODUCTION TO SOIL MECHANICS 2 DR. M. GUTIERREZ
 Note: The height of water above a soil deposit has no influence on the effective stress in a saturated soil (provided the pore pressure in the soil can dissipate freely).
 The vertical stress at point a: σv = γsatHs + γw(Hw-Hs) Pore pressure at point a: p = γwHw Effective stress at point a: σ'v = σv – p=( γsat - γw)Hs = γbHs where γb=( γsat- γw)is the buoyant unit weight of the soil
 Example calculation:
 At A: σ=9.81x1=9.81 kPa p=9.81x1=9.81 kPa, σ’=9.81-9.81=0 kPa At C: σ=9.8lxl+18.9x2+2l.2x2=90.01 kPa, p=9.81x5= 49.05 kPa, At B: σ=9.81x1+18.9x2=47.61 kPa, σ’=90.0l-49.05=40.96 kPa p=9.81x3= 29.43 kPa, σ’=47.61-29.43=18.18 kPa
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INTRODUCTION TO SOIL MECHANICS 3 DR. M. GUTIERREZ Quick Sand Condition
 Horizontal Stresses in Soils Soils, unlike water, do not develop equal stresses horizontal layer of soil, idealized as a first approxknown Young’s modulus E and Poisson’s ratio, v.deformation along the lateral directions is small inthe lateral strains εx and εy may be assumed to be strain relation.
 1
 1
 −−=
 z
 y
 x
 vv
 Eddd
 εεε
 Equating dεx and dεy to zero and assuming axisymtwo equations of (3.1) yield:
 1'' yx
 vdd σσ−
 ==
 The ratio between horizontal and vertical effectivecondition is termed as Ko (also called the effectiveelastic material this coefficient is equal to:
 ; 1'
 '−
 == xz
 xo d
 vv
 dd
 K εσσ
 At A: At B: σ=H1γw σ=H1γw+H2 γsat p=H1 γw p=(H1+H2+h) γw At C: σ=H1 γw +z γsat p=(H1+H2+hz/H2) γw σ’=z γb - iz γw where i=h/H2 is the hydraulic gradiant caused by the seepage Quick condition: σ'=z γb - icr zγw = 0 where icr = critical hydraulic gradient
 bγ
 wcri
 γ=
 (or pressures) in all directions. Consider a imation as a linearly elastic material with a For a typical horizontal soil layer, the comparison to the horizontal dimensions that
 zero. From the linear isotropic elastic stress-
 )1( '''
 11
 −−−−
 z
 y
 x
 ddd
 vvvv
 σσσ
 metric conditions (i.e., dσx’ = dσ’y) the first
 (2) ' zdv
 σ
 stress during uniaxial (i.e., zero lateral) strain horizontal stress coefficient at rest), and for
 )3( 0== ydε
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INTRODUCTION TO SOIL MECHANICS 4 DR. M. GUTIERREZ Note that Ko approaches 1.0 as the Poisson’s ratio approaches 0.5 corresponding to incompressible conditions like water. For v=0.2, Ko=0.25 that is, the effective horizontal stress is only 25% of the effective vertical stress. For granular soils, is related to the friction angle according to the relation (Jaky, 1967):
 oK
 φ−= sin1oK
 Stresses Due to Applied Surface Loads Vertical stress due to a point load (Boussinesq, 1883)
 Vertical stress change at point (x,y,z) due to a surface point load:
 [ ] 2/52B2 1)/(1
 23 ,
 +==∆
 zrNN
 zP
 Bz πσ
 22 yxr +=
 Expressions for the other stress components are available. However, only the change in vertical stress σz is needed for most applications in geotechnical engineering.
 Boussinesq’s equations predict that except for σz and τzx, the other stress components are functions of the Poisson’s ratio ν. A slightly more complicated set of equations for stresses due to different types of surface loads are given by the Westergaard equations. Stresses below line loads, and circular and rectangular footings are obtained by integrating the Boussinesg equation for point load over a line, and over circular and rectangular areas, respectively.
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INTRODUCTION TO SOIL MECHANICS 5 DR. M. GUTIERREZ
 Vertical stress beneath a strip foundation and a square footing
 Fig. 1 - Contours of equal vertical stress beneath a strip foundation and a square footing
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INTRODUCTION TO SOIL MECHANICS 6 DR. M. GUTIERREZ Vertical stress at any point beneath circular footing
 ),( nmqN zz =σ
 Rzm /= and Ran /=
 z
 a
 Values of Nz as function of m and n are given in Fig. 2.
 Fig. 2 – Influence factor Nz as function of m and n for vertical stress at any point below a uniform circular loading.
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INTRODUCTION TO SOIL MECHANICS 7 DR. M. GUTIERREZ Vertical stress beneath the corner of a uniformly loaded rectangular area
 ),( nmIqz σ⋅=σ
 +++++
 +++++ −
 112sin
 12
 2222
 221
 22
 22
 nmnmnmmn
 nn
 zbnza /,/ ==m
 +++++
 π=σ 1
 1241
 2222
 22
 mm
 nmnmnmmnI
 z
 b
 a
 Values of as function of m and n are given in Fig. 3. For points not directly below the corner, subdivide the area into rectangles such that a common corner is located over the point of interest. Examples are shown below:
 σI
 2 1
 At the corner: Determine directly from Table 4.
 F
 E
 D C
 B A
 On side: Load = load from rectangle 1 + rectangle 2
 4 3
 2 1
 Inside:
 H Load = load from rectangle 1 + rectangle 2 + rectangle 3 + rectangle 4
 I G
 Outside: Load = load from AEGI – BEGH – DFGI + GHCF
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INTRODUCTION TO SOIL MECHANICS 8 DR. M. GUTIERREZ
 Fig. 3 - Influence factor Iσ as function of m and n for vertical stress beneath the corner of a uniformly-loaded rectangular area.
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INTRODUCTION TO SOIL MECHANICS 9 DR. M. GUTIERREZ Newmark‘s influence chart Normalized vertical stress under the center of a circular footing.
 +
 −= 2/322 )1/(11
 zRqzσ Equation for concentric circles normalized radii R/z
 corresponding to normalized stresses σz/q. This equation is plotted below.
 Procedure for obtaining the vertical stress below a loaded area using Newmark’s influencehart:
 1 e stress increased is
 required.
 2h z equal to the unit length of the chart
 AB.
 3
 mined is located at the center of the chart.
 4 the loaded area
 ncluding fractional areas).
 5) The increase i der the point is: σ = (IV)Mq
 influence chart), =surface surcharge (pressure).
 c
 ) Determine the depth z below the uniformlyloaded area at which th
 ) Plot the plan of the loaded area with the lengt
 ) Place the plan (plotted in Step 2) on the influence chart in such a way that the point below which the stress is to be deter
 ) Count the number of elements (M) of the chart enclosed by the plan of(i
 n pressure unz
 where IV = influence value of the chart (=1/total no. of elements in the q
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INTRODUCTION TO SOIL MECHANICS 10 DR. M. GUTIERREZ Approximate methods for estimating vertical stress Assume that the applied surface load spreads downward to a wider horizontal plane. The dimensions of the horizontal planes increases 1:2 with the depth of the plane. Another assumption is that the horizontal increases tan(30o)=0.577:1 with the depth of the plane.
 Example calculations: Calculate the vertical stress change 4 m below points A and B of the 2x2 m2 footing shown using
 a) Boussinesq’s influence factors b) Newmark’s influence chart c) The approximate 1:2 method
 Area = 2x2 m2
 B q=2000/4=500 kPa
 a) Using Boussinesq’s influence factors At the corner, m=n=2/4=0.5. From Fig. 3, =0.08403, thus σI
 σ⋅=σ Iqz =500(.084)=42 kPa
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INTRODUCTION TO SOIL MECHANICS 11 DR. M. GUTIERREZ At the center, divide the footing into four 1x1m2 segments. For each segment, m=n=1/4=0.25. From Fig. 3, =0.08403, thus σI
 σ⋅=σ Iqz =4(500)(.027)=53.5 kPa b) Using Newmark’s influence chart. Since the depth=4 m then the length of AB in the Newmark diagram is equal to 4 m. Hence, each side of the square footing will be drawn with length =AB/2 in the diagram (see below). Counting the number of squares enclosed by the footing yields M≈l9.5 for the corner point A and M≈24 for the central point B. The footing load gives q=2000 kN/(4 m2) = 500 kPa, and the above diagram has IV=0.005. For point A: σz=500(.005)(19.5)=48.8 kPa For point B: σz=500(.005)(24)= 60 kPa
 M=19.5 for point A
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INTRODUCTION TO SOIL MECHANICS 12 DR. M. GUTIERREZ
 M=24 for point B
 c) Using the approximate 1:2 method The vertical stress change using the 1:2 method, for both points A and B is equal to:
 σz=2000/((2+4)(2+4))= 55 kPa Table 3 summarizes the vertical stresses at points A and B calculated using the three methods.
 Table 3 – Summary of calculated vertical stresses at Points A and B using three methods.
 Method Point A (kPa) Point B (kPa) Boussinesq 42 53.5 Newmark influence chart 48.8 60 1:2 method 55 55
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