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GeoMechanica Desktop

The GeoMechanica desktop is a suite of programs that were written to help increase the
productivity in the GeoMechanica consulting house. In GeoMechanica, the norm was to use c#
functions in all routine geotechnical calculations. Now, all code is being transformed into user
friendly interfaces that can be used by all geotechnical engineers so they can focus on engineering
rather than decrypting computer code. So far 4 programs have been completed with a plan to
add more in the upcoming releases. The 4 programs are all for shallow foundations’ bearing
capacity and settlement calculations. Rafts, footing, and strip foundations can be analyzed. The
GeoMechanica desktop should be used in early stage of foundation prototyping and for routine
geotechnical analysis in conjunction with extensive subsurface soil investigation.

1. Shallow foundations
1.1. Elastic settlement on uniform soil

For a foundation that rests on a uniform soil with a constant modulus of elasticity as shown in
figure 1.1, the settlement of the foundation can be calculated as follows,

N1 us
S = qo(aB") I I (1.1)
Es
Where:
S. : Foundation settlement
qo : Foundation pressure
ol : Factor that depends on the location of the calculated settlement. « = 4 for

settlement at the center and a = 1 for settlement at the corner of the foundation.
B' : Adjusted width. B' = B/2 for settlement at the center of the foundation and B’ =
B for settlement at the corner of the foundation.

B : Foundation shortest dimension
Us : Poisson’s ratio of the soil
E, : Elastic modulus of the soil

I, : Shape factor
Iy : Depth factor
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Figure 1.1: Foundation on uniform soil

1.1.1. Example on elastic settlement on uniform soil

The following examples is taken from Das Principle of Foundation Engineering 7™ edition. The
parameter provided in the example are given as

qo : 167.7 Kpa

B : 244m

us : 0.3

E; : 11362 KPa
The depth to bed rock or end of stress bulb, H was given as 10.98 m. the parameters are inserted
in the program and the settlement at the center of the foundation was found to be 2.54 cm while

at the corner, it was found to be 0.0113 m.



r— Foundation S The Foundation and soil properties are as following:
1677 The applied load on the foundation, g0 = 167.7 KN/m?#
g 2200 KN/mE H 10.983 m The depth of fill of the foundation, Of = 122 m
244 - The width of the foundation, B = 244 m
B 2T 0m Es 11362 KM/m? The length of the foundation, L = 244 m
244 - The thickness of the compressible layer, H = 1058 m
L 2T 0m us D3 The modulus of elasticty of the soil, Es = 11362 KN/m?
of 1922 m - The Poisson's ratio of the soil, ps = 0.3
R — Calculation of settlement at the center of the foundation
Factorm = 1
Factorn = 39
A q0 = 167.7 KN/m? Factora = 4
J' i l i FactorF1 = 0491
Factor F2 = 0.017
2=t Shape factor = 0.5007
v Depth factor = 0.7751
PR, L —— The settlement at the center of the foundation, 5 = 0.0254
A ( ) CFalcuIatinn of ieﬁlement at the comers of the foundation
actorm =
B=244m Factorn = 45
Factora = 1
Factor F1 = 0.424
- Factor FZ2 = 0.034
Lo Es = 11362 KN/m? Shape factor = 0.4434
Depth factor = 0.7751
us =03 The settlement at the comer of the foundation, 5 = 0.0113
Y

1.2. Elastic settlement on Gibson soil

Gibson soils can be defined as soils which stiffness increases in depth. Naturally as confinement
increases with depth, the modulus of elasticity should increase. If foundation is placed on a soil
where the modulus of elasticity increases with depth as shown in figure 1.2, its settlement can be
calculated as:

_ qoBe(gIplp)(1 — p3) (1.2)
e — .
ESO
Where:

S. : Foundation settlement

qo : Foundation pressure

B, : Diameter of an equivalent circle

Us : Poisson’s ratio of the soil
Eso, : Elastic modulus of the soil at the bottom of the foundation

I : Factor to account for Gibson’s soil

Ir : Factor to account for the rigidity of the foundation

Iy : Factor to account for the embedment of the foundation



Vil

Rock

Figure 1.2: Foundation on Gibson soil

1.2.1. Example on elastic settlement on Gibson soil

The following examples is taken from Das Principle of Foundation Engineering 7™ edition. The
parameter provided in the example are given as

qo : 239.6Kpa
B, : 243m
us : 0.3

E,o : 9660 Kpa

Using the software with the following input gives



r Foundation Soil

The Foundation and soil properties are as following:
0 2356 KN/m? Ez0 9860 KN/m? Applied load, q0 = 2356 KN/m?
0 e N m _— m Foundation width, B = 3.05 m
Foundation length, L = 152 m

k 2 Foundation modulus of elasticity, B = 15.87E6 KN/m*
. :“}5— m 5555— KN/m/m Foundation thickness, t = 0305 m
depth of fil, Df = 152 m

Soil modulus initial modulus of elasticity, Es0 = 9660 KN/m*

03 m -
it — soil Poisson's ratio, ps = 0.3
increase in soil modulus with depth, k = 5656 KN/m¥m

- H _ soil layerthickness H = 3.66 m
H M KN/m? 386 m Foundation settlement calculations:
equivalent width, Be = 243 m

L 1582 m HE

t 0305 m beta = 7.0285
O 152 m Gibson Sail influence factor, IG = 0.4531
foundation rigidity influence factor, IF = 0.7854
A q0 = 239.6 KN/m? embedment influence factor, [E = 0.9076
DF =152m ¢ i ¢ ¢ ¢ the seftlement of the foundation, 5 = 0.0178 m
L 2 { t-0305m & - 158786 KN/m? Es
A < > Es0 = 9660 KN/m?
Be = 2.429555212254
k = 565.6 KN/m%
H=366m ps =0.3 e
Y Depth 2 w £ - 11730.096 &

The settlement differs form that found in the book, mainly because of the factor I;. Most factors
here are calculated using finite element models and not from the reference mentioned in the
book.

1.3. Consolidation settlement

Consolidation settlement is a phenomenon that occurs in clay soils. It happens when saturated
clay is subjected to pressure. This pressure raises the pore water pressure between the clay
particles. With time the additional pore pressure dissipates, and the pressure is transferred to the
clay particles. The procedure takes a long time. To calculate the consolidation settlement of a clay
layer, a one-dimensional consolidation test is performed to obtain the coefficient of
consolidation, coefficient of rebound and the pre-consolidation pressure if the clay is over
consolidated. Over consolidated clay is that which was exposed to pressure in the past but then
the pressure was removed. This pressure can be due to geologic events such as the build up of
snow over a clay layer in the Ice Age. It also can be a result of human activity such as building and
demolishing a structure on clay. In any case, once the clay is subjected to a certain pressure, it
can be detected using the consolidation test, even if the pressure is removed from the clay.



Once consolidation tests are performed and the needed parameters are obtained the
consolidation settlement can be calculated as

If the clay is normall CH oy + 4oy
e v Se=—S" Log—2——" (1.3)
consolidated 1+e g
If the clay is over consolidated C.H oy + 4oy
/ Y ’ ’ SC = o LOg 0 7 d (14)
and oy + 40, < o, 1+ e 0y
If the clay is over consolidated CsH o, CH ag + 4oy,
, , , Sc = 0g — Log (21.5)
and oy + 40, > o, 1+e o, 1l+eg (o4
Where:
Se : Foundation settlement
qo : Foundation pressure
B, : Diameter of an equivalent circle
Us : Poisson’s ratio of the soil
Eso : Elastic modulus of the soil at the bottom of the foundation
I : Factor to account for Gibson’s soil
Ir : Factor to account for the rigidity of the foundation
Iz : Factor to account for the embedment of the foundation

The consolidation settlement calculation window is very different from the previous
windows shown in section 1.1 and 1.2. the window is shown in figure 1.3. the program allows for
the entering multiple soil layers. In addition, each layer can be checked for consolidation
settlement separately. This is important for multilayered soils where sand layers, which don’t
experience consolidation, might exist between clay layers. If the layer is over consolidated, a value
of the pre-consolidation pressure should be input into the soil layers table if not it can be left to
zero. Part 1 of the program is for foundation information. The foundation can be circular,
rectangular other than a strip foundation. Choosing the proper type of foundation allows for the
correct calculation of the stress on the clay layer. Part 2 is the soil layers input table. Multiple soil
layers can be incorporated in the analysis. The program distinguishes between consolidated and
non-consolidated layers in the analysis as per the user request. The soil properties needed as an
input are:

t : Thickness of the soil layer
y : Unit weight Foundation pressure
e0 : Voidratio
Cc : Coefficient of consolidation
Cs : Swelling index or coefficient of rebound (leave empty for NC clay)



0. : Pre-consolidation pressure (leave empty for NC clay)

The consolidation checkbox in the table checked if the soil layer should be included in the analysis.
If a layer is not included in consolidation analysis, only its thickness and unit weight are needed
as an input for overburden pressure calculations. You can delete any layer by selecting it and click
on the red x button. The water table level should be inputted into the textbox, a default value of
1 m below ground level is assumed. Part 3 is a 3D rendering of the foundation and the soil layers.
And part 4 is the log where analysis steps and results are shown.

Foundation

Circular  Rectangular  Strip 1
Diameter m Thickness m
Load KMN/m? Depth m
Sil
1 " el Ce Cs oc consolidation x
. 0
2 4

Depth of water 1000 m

Q@ Q $O..

Figure 13: Program layout for consolidation settlement



1.3.1. Example on consolidation settlement

The foundation shown in figure 1.4 is being analyzed for consolidation settlement. To use the
GeoMechanica Desktop, first the tab control is changed to rectangular foundation with the following input

Foundation
Circular  Rectangular  Stp

Width 1 m Thickness 0.2 m
length 2 m Depth 1 m
Load 150 KM/m2

The information of the soil is then inputted in the table of soil layers. Note that for the top sand layers,
only the thickness and the unit weight are used. The other fields are left empty. For the clay layer, the
initial void ration and the coefficient of consolidation are add to the table while the pre-consolidation

pressure is left empty since it is a normally consolidated clay. Finally the water table level is entered to the
program at 2.5 below ground level.

Soil
t ¥ el Cc Cs oc consolidation x
25 165 [
0.5 178 O

Depth of water 2.5

As simple as this, all the needed information is entered in the program and the analysis can be

run. After clicking on the calculate icon the 3D model viewer and the log will be updated. The final
window will look as the following,



Foundation
Circular  Rectangular  Strip

the soil layers are:
Width 1 m Thickness 0.2 m t WV el Cc Cs oc consolidation
length 2 m Depth 1 m m KN/m? KN/m?
- — 25 16.5
load 150 KN/m? 0.5 175
—— 25 16 08 032 True
Sol The water table is located at 2.5 m below the surface
i
t ¥ el Cec Cs oc consolidation x F;:giﬁg)uqaiﬂgumn:t;;
25 165 O ~ Width=1m
Length =2m
0.5 17.5 (] Pressure = 150 KM/m?

4 25 6 08 032 Consolidaiton settlement calculations:
. O

Consolidaiton of layer 2

NC clay

Effective stress &t mid layer = 53
Awerage increase of stress on layer = 14
Consolidatton settlement layer = 0.045

cFwater 25 N The total consolidaiton settlement is 0.045m

A 3d model is added to the window and the results are shown in the log. The final settlement was

found to be 0.045 m. the output in the log can be copied to be used in a report. In addition, the
window can also be printed as is to a pdf document.



1.4. Bearing capacity of shallow foundations

This program uses the general equation of Meyerhof to calculate the bearing capacity of shallow
foundations The general bearing capacity equation is written as follows:

qy = N F.sFcgFe + qNgFysFaaFq + %yB’yNyFysFdeyi (1.6)
Where:
q, : Ultimate bearing capacity of the foundation
¢’ : Cohesion of the soil
B’ : Effective foundation width
q : Effective stress at the foundation level
y : Unit weight of the soil
«»Ng, N, : Bearing capacity factors
Fs) Fys) s Shape factors
Fea, Faar Fya Depth factors
Fei, Foi, Fyi Load inclination factors

The program considers the effect of water table below or above the foundation level. If water
table exists above the foundation level, both the value of q and y in equation 1.6 should be
changed accordingly. If the water table is below the foundation at a depth that is less than the
foundation width, only the value of y in equation 1.6 needs to be reduced.

The program also takes into account the eccentricity of the loading either one way or two-way
eccentricity. Two-way eccentricity is delt with as per AASHTO LRFD bridge design specification
Article 10.6.1.3. The width and the length of the foundation are reduced as:

B' =B — 2ep (1.7)
L'=L-2e (1.8)
The value of the effective width and length are used in calculation of the shape factors and in
equation 1.6. These values are not used in calculation of depth factor and effect of water table.

1.4.1. Example on bearing capacity calculation of a shallow foundation

The example shown in figure 1.4 will be solved using the GeoMechanica Desktop. Nor eccentric loading
neither was a water table below the ground were reported.
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Figure 1.4: Foundation problem for example 1.4.1

The input and output of the program for this problem should look like

— Foundation
B 2

L 2

Q 250
Mb 0

M_L 0

— Soil
m DF 15 m
m WT 1000 m
kN v il 155 kN/m?
kMm y_soil 16.5 kM/m?
kMm c 20 kMN/m?
degrees P 25 degrees

11

The Foundation properites are:
Foundation width, B=2m
Foundation length, L =2m
Foundation load, @ = 250 KN
Foundation moment along width M_B = 0 KN.m
Foundation moment along length, M_L = 0 KN.m
Foundation load incalanation, B = 0 Degrees

The soil propertes are:
water table is located at 1000 m underground
The depth of fill, Df = 1.5m
Unit weight of soil fill, y_fill = 16.5 KNJ/m?
Unit weight of foundation soil , v_soil = 16.5 KN/m?
The soil cohesion, c = 20 KN/m?*
The sil friction angle, ¢ = 25 Degrees

Analysis:
The effective stress at the level of the foundation, g =24 75KN/m*
The water table is located below the foundation level at the level z_w = 1000m
The water dogsnt have any effect
The unit weight of the foundation soil, y_soil = 16 5KN./m?
Mo eccentricty along the shortest dimension of the foundation
The width of the foundation, B =2m
Mo eccentricty along the longest dimension of the foundation
The length of the foundation, L =2m
Bearing capacity factors
Ng = 10.66
Nc = 20.72
Ny =10.88
Shape factors
Fes =151
Fgs =147
Fys=06
Depth factors
Fed =1.26
Fqd =1.23
Fyd =1
Incalanation factors
Fci=1
Fgi=1
Fyi=1
The ulimate bearing capacity of the foundaiton, qu = 1374KN/m?
The allowable bearing capacity, q_all = 458KN/m*
The allowable foundation load, Q_all = 1832KN



A value of water table level of 1000 m was used to indicate that water had no effect. The bearing capacity
of the foundation is 1374 KN /m?, the allowable load shouldn’t exceed 1832 KN.

1.4.2. Example on bearing capacity calculation of a shallow foundation with water
table

The example shown in figure 1.4 will be solved using the GeoMechanica Desktop. The water table was
reported at 0.61 meters below ground.

L=13m ﬁ:

Figure 1.5: Foundation problem for example 1.4.2

The program input and output would look like
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— Foundation — Sail

The Foundation propertes are:

B 13 m DF 122 m Foundation width, B =1.3m
- - Foundation length, L=1.3m
L 13 m WT 061 m Foundation load, @ = 667 KN
bl —_— Foundation moment along width M_B = 0 KN.m
Q E67 kN v Al 165 kM/m? Foundation moment along length, M_L = 0 KN.m
il — e — Foundation load incalanation, § = 0 Degrees
il 3
Mb O khm el 1855 [JER The soil properites are:
: water table is located at 0.61 m underground
ML O kNm = U KR The depth of fil, Df = 1.22m
- Unit weight of soil fill, v_fil = 16.5 KN/m?
B O degrees p M4 degrees Unit weight of foundation soil , y_soil = 18.55 KN/m?

The soil cohesion, ¢ = 0 KN/m?
The saoil friction angle, ¢ = 34 Degrees

Analysis:
The effective stress at the level of the foundation, g =14.15KN./m*
The water table is located above the foundation level at the level z_w =0.61m
The unit weight of the foundation soil will be reduced
The unit weight of the foundation sail, v_sail = 8. 74KN/m?
Mo eccentricty along the shortest dimension of the foundation
Letam T The wicth of the foundation, B = 1.3m
| Mo eccentricty along the longest dimension of the foundation
The length of the foundation, L=13m
B=13m | Bearing capacity factors
i Ng = 29.44
Nec =42.16
| | Ny =41.06
I Shape factors
Df=1.2Zm I y_fill = 16.5 KN/m? Fecs=17

Fos =167
Fys=06
AT
Fed =1.25
AKX X S
[ YT Fyd = 1
.“ “‘ Incalanation factors
Fci=1
c =0 KN/m? Fgi=1
e Fyi=1
*= The ultimate bearing capacity of the foundaiton, qu = 1008.87KN/m?
y_soil = 18.55 KN/m? The allowable bearing capacity, g_all = 336.23KN/m?

The allowable foundation load, Q_all = 568.33KN

Note that the allowable load is less than the applied. The applied load was adjusted to a value equal to
the allowable load and a moment acting on the shortest dimension was added and its value is 112 KNm.
The program input and output would look like the following:
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— Foundation
B 13

L 13

Q 560

M_b 112

ML DO

g0

— Sail
m DF 122 m
m WT 061 m
kM vy il 155 kNsm?
kMm y_soil  18.55 kNsm?
kMN-m c 0 kNsm?
degrees p M degrees

The Foundation properites are:
Foundation width, B =1.3m
Foundation length, L=1.3m
Foundation load, G = 560 KN
Foundation moment along width M_B = 112 KN.m
Foundation moment along length, M_L =0 KN.m
Foundation load incalanation, B = 0 Degrees

The soil properites are:
water table is located &t 0.61 m underground
The depth of fill, Of = 1.22m
Unit weight of sail fill, v_fill = 16.5 KN/m?
Unit weight of foundation soil , v_scil = 18.55 KN/m?
The soil cohesion, c = 0 KN/m®
The soil friction angle, = 34 Degrees

Analysis:
The effective stress at the level of the foundation, g =14.15KN/m?
The watertable is located above the foundation level at the level z_w = 0.61m
The unit weight of the foundation soil will be reduced
The unit weight of the foundation soil, y_soil = 8. 74KN./m?
Eccentrically loaded foundation along the shortest dimension
The effective width of the foundation, B_eff =0.9m
Mo eccentricty along the longest dimension of the foundation
The length of the foundation, L=1.3m
Bearing capacity factors
Ng = 29.44
Nc =42.16
Ny =41.06
Shape factors
Fes =148
Fgs =147
Fys =072
Depth factors
Fed =125
Fqd =125
Fyd =1
Incalanation factors
Fci=1
Fgi=1
Fyi=1
The ultimate bearing capacity of the foundaiton, qu = 877 35KN/m?
The allowable bearing capacity, q_all = 252 66KN,/m?
The allowable foundation load, G_all = 342.42KN

The allowable load was further reduced due to the moment acting on the foundation.
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