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Homework 1
Soil investigation report

This report resumes the estimated values after an accurate analysis of the results of a geotechnical
investigation of the soil present in the industrial plant of Mantova.
The motive of the investigation is the construction of a new underground tank within the area.
The customer is Versalis S.p.A.

The soil investigations took place between 08/08/2013 and 09/08/2013.

The following images show respectively the general layout of the tank, the vertical section A-A and
the vertical section D-D.

o

o | T=CNO IN
5 SERVIZI DI INGEGNERIA
LABORATORIO PROVE SUI TERRENI
Conc.Min.LL.PP. N° 53363
del 00-05-05

SEZIONE A-A

'*I:::!u o COPERTURA IN GRIGLATO
SU TRA VETALCHE
oy

;. CARATTERISTICHE FISICHE GENERALI

SEZIONE D-D

B0

The soil investigation was made by doing the following tests:

1 borehole S-01 drilled to a depth of 20 m

12 SPT tests within the borehole

6 Lefranc tests within the borehole

1 undisturbed sample was taken from the borehole
2 CPTU tests

Laboratory tests: UU test, granulometry

Loredana Mihaela Chiforeanu
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Relative Density
of Sand Strength of Clay
Penetration Penctration Unconfined Compressive
Resistance N Relative Resistance N Strength
(blows/ft) Density (blows/ft) (vons/h?) Consistency
04 Yery loose <2 <025 Very soli
4-10 Loose 2-4 0.25-0.50 Soft
10-30 Medium 4-8 0.50-1.00 Medium
30-50 Dense 8-15 1.00-2.00 SuifTt
>50 Very dense 15-30 2,00-4.00 Very still
=30 >4,00 Hard

From Terzaghi and Peck, 1948,

As said before, also the description of the soil done by the operators and the following granulometric
analysis in the lab is good to understand the profile. This considerations are reported in the tables.

. Observations
Depth range N . N
Consistency Classification =
[m] of blows reaction lasticit
with Hel | Pty
3,00 | 3,45 24 medium GP - gravel with low silty sand
490 | 5,35 31 dense SM, SC - silt with low clayey sand low non plastic
6,00 | 6,45 44 dense .
SM, SP - low silty sand
7,50 | 7,95 39 dense
8,50 | 8,95 41 dense SM - silty sand
9,50 | 9,95 32 dense
10,50 | 10,95 33 dense SM, SP - low silty sand
11,50 | 11,95 34 dense no reaction | non plastic
12,50 | 12,95 27 medium SW, SP - low silty sand
13,50 | 13,95 36 dense .
SW, SP - low silty sand
16,50 | 16,95 40 dense
19,50 | 19,95 37 dense SM, SP - low silty sand
N° Granulometry [%
Depth range ry [%] .
of . Description
[m] Silt Clay Sand | Gravel
blows
3,00 3,45 24 3 8 44 46 Medium low silty sand — brown colour
4,90 5,35 31 7 51 42 0 Medium sand — brown colour
6,00 6,45 44 1 8 87 4 Medium sand — brown colour
7,50 7,95 39 1 10 39 0 Medium sand, with located low silt content —
brown colour
8,50 8,95 a1 3 14 30 3 Medium sand, with Ioca?ted low silt content —
brown greyish colour
9,50 9,95 32 0 3 90 ) Medium sand, with Ioca.ted low silt content —
brown greyish colour
10,50 | 10,95 33 0 8 92 0 Medium coarse low silty sand — brown colour
11,50 11,95 34 1 7 92 0 Medium coarse low silty sand — brown colour
12,50 | 12,95 27 1 9 89 1 Medium coarse low silty sand - grey colour
13,50 | 13,95 36 0 9 91 0 Medium coarse low silty sand - grey colour
16,50 | 16,95 40 0 7 93 0 Medium coarse low silty sand - grey colour
19,50 | 19,95 37 2 8 90 0 Medium coarse low silty sand - grey colour

Loredana Mihaela Chiforeanu
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different peaks while advancing in depth. For this reason, the red line is defined by the engineer, who
choose the criteria to estimate the parameters for the classification.

We estimate the needed values obtained from the two tests in order to get a final soil profile with
averaged parameters.
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The pore pressure graphs are very different, and, in the test number 1 (on the left), the behaviour is
constant up to 8m depth, then it increases. That depth coincides with the water table and that
means that the soil in this test is consolidated, even the clayey layers.

In the second test, at a level of 4m depth, we found a higher value of pressure: this could be
explained due to the presence of the clayey soil in the form of lenses of clay or due to the
consolidation process.

From the previous graphs we try to find suitable values to use for engineerical calculations, so in the
following table, our estimations are collected.

Depth | Qcl Qc2 Qc :;/;e;?ge Qc average
[m] | [MPa]| [MPa] [MPa] [MPa]
0,0 / / / /
1,0 / / / /
15 / / / /
2,0 / / / /

2,5 22 18 20
3,0 22 18 20 15,83
3,5 11 4 7,5
4,0 2 4 3
8,50
4,5 9 19 14
5,0 18 19 18,5
5,5 22 7 14,5
6,0 22 7 14,5
6,5 22 7 14,5
7,0 28 7 17,5 17,61
7,5 28 7 17,5
8,0 28 7 17,5
8,5 20 19 19,5
9,0 30 19 24,5
9,5 30 19 24,5
10,0 30 23 26,5
10,5 30 23 26,5 27,30
11,0 22 37 29,5
11,5 22 37 29,5
12,0 15 19 17
12,5 15 19 17
13,0 15 19 17
13,5 15 11 13
14,0 15 11 13
14,5 15 11 13
15,0 15 11 13
15,5 15 11 13
16,0 15 11 13 14,71
16,5 15 11 13
17,0 15 11 13
17,5 15 11 13
18,0 15 11 13
18,5 15 22 18,5
19,0 15 22 18,5
19,5 15 17 16
20,0 15 17 16

The following chart shows how can be interpreted a CPTU test using the friction ratio and the cone
bearing:

Loredana Mihaela Chiforeanu 9
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Soll type k; (cm/s) Description Drainage
Clean gravel (GW, GP) 1.0 High Very good
Clean sands, clean sand and gravel _
mixtures (SW, SP) 10t0o10* Medium Good
Fine sands, silts, mixtures comprising
sands, silts, and clays (SM-SC) 10 't010 " Low Poor
Weathered and fissured clays
Siit, siity clay (MH, ML) 10 *t0o10’ Very low Poor
Homogeneous clays (CL, CH) 0’7 Practically impervious Very poor

Since we have established that there is a clay layer, we can now calculate this parameter.

Where:
e g, =tip stress resistance [kPa]

e ', = vertical effective stress [kPa]
14 for NC clays

e N.= 17 £ 5 for OC clays
10 =+ 30 for stiff fessured clays
To choose the N, value, it is necessary to estimate the OCR so we need to know the pre-
consolidation stress: it is employed the following graphical procedure using the curve obtained
in the oedometric test.

Consolidation curve for saturated clay

LT CoOmpression
A b ne
\\ Haorizontal
| fine (1)
0.48 - \
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paint
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E
=
E D44 =
Tangent at__+"
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Dressure point curvature
point
.49 - 5
Basic Inelastic
domain ; domain
19.103 NLD'I 1 19:'05
Effective stress (kPa)
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The results are reported in the following table. Don’t forget that after 7.63m depth we there is the
water level, so we subtract the pressure from the vertical stress.

Depth v 6'vo Nsot CN CN CN DR soil tvpe ey @°cv
[m] |[kN/m3]| [kPa] P fine | coarse | max [%] P M average layer
3 21 12,60 24 1,78 1,41 1,78 84,3 sand and gravel | 44,70 45
4,4 19,79 | 40,31 / / / / / / /
6,45 18 | 7721 | a4 |113| 108 | 1,13 | 91,0 | W gg::zd fine | 4500
7,95 18 89,49 39 1,06 1,04 1,06 82,8 | uniform fine sand | 39,60
8,95 18 97,68 41 1,01 1,01 1,01 | 83,1 | uniform fine sand | 39,70
9,95 18 |10587| 32 |097| o098 | 008 | 723 | We! gg::gd fine | 35,80 40
well graded fine
10,95 18 114,06 | 33 0,93 0,96 0,96 72,5 sand 39,80
well graded fine
11,95 18 122,25 34 | 0,90 0,93 0,93 72,6 sand 39,90
12,95 18 130,44 | 27 0,87 0,91 0,91 63,9 | uniform fine sand | 36,80
13,95 18 138,63 | 36 | 0,84 0,89 0,89 72,9 | uniform fine sand | 37,00 37
16,95 18 163,20 40 | 0,76 0,83 0,83 74,2 | uniform fine sand | 38,40
19,95 18 187,77 | 37 0,69 0,77 0,77 69,1 | uniform fine sand | 37,70

It was estimated the effective elastic modulus E’ for each sandy layer, using D’ Apollonia’s criterion.
The sandy layers in the profiles were assumed as over consolidated layers. That is because its stress
history must be similar to the clayey layer, from which was calculated the OCR, resulting in a value

equal to 11.

Loredana Mihaela Chiforeanu
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Finally we can create a soil profile which is more useful for the engineerical purpose to construct a
tank.
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Infunre beam subjected to a4 concentrated load P, Semi-infinite beam loaded by a vertical force Pyat the free end

Py Hn
My

——————————— Mll -
y ,
W
. [
L X . P o 4
l M ¥(x) = A(x): x) = D{x) 2T
?—\_/‘__ o "
- . ¥
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x P

Tntinite beam subjected to a concentrated exrernal moment M,
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where K=K, - B, |'1Fillg_ B

where K= K, + B, being B
the breadth of the beam

-4 -3 -2 -1 0 1 2 3 4 the breadth of the beam

—Ax - . -
e " (cosAx +smiAx)

2~
&
I

B(x)=e " sinhx
C(x) = e ™ (coshx —sin Ax)

D(x)=e " coshx
For the solution of this first case it was used the Excel file software, proposed by the professor.

Using the fundamental cases mentioned previously, one can obtain the solution for a finite beam
subjected to a concentrated load in two ways: with an approximate solution or with an exact
solution.

For both it must be evaluated the case of an infinite beam, subjected to a concentrated load, like in
the figure:

0.5m 4m Jm 4m 0.5m
- | I | =
300 kN 500 kN 500 kN 300 kN

Loredana Mihaela Chiforeanu 17
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9,5 9 -0,03 0,03 -0,10 -0,06 -24,94 9,40
10 9,5 -0,04 0,02 -0,08 -0,06 -20,41 8,69
10,5 10 -0,04 0,01 -0,06 -0,05 -16,28 7,84
11 10,5 -0,04 0,00 -0,05 -0,05 -12,59 6,91
11,5 11 -0,04 0,00 -0,04 -0,04 -9,37 5,96
11,5 11 -0,04 0,00 -0,04 -0,04 -9,37 5,96
12 11,5 -0,04 -0,01 -0,03 -0,03 -6,62 5,04

-100,00
= 0,00
5 _ 100,00
EE 20000
EZ 30000
£ o 1 2 3 4 5 6 7 8 9 10 11 12
C
2 Horizontal distance from left-hand end of beam, x (m)

200,00
100,00
0,00
-100,00
-200,00

o
=

2 3 4 5 6 7 8 9 10 11 12

Shear force, V (kN)

Horizontal distance from left-hand end of beam, x (m)

Load P 500 kN
P2 =500 kN applied at x=4.5m
xP 4,5 m
X x' A B (o D M (kN-m) T (kN)
0 4,5 0,33 0,26 -0,19 0,07 -82,03 16,74
0,5 4 0,41 0,29 -0,17 0,12 -70,44 30,12
0,5 4 0,41 0,29 -0,17 0,12 -70,44 30,12
1 3,5 0,49 0,31 -0,12 0,19 -51,40 46,56
1,5 3 0,58 0,32 -0,05 0,27 -23,34 66,27
2 2,5 0,68 0,32 0,04 0,36 15,44 89,41
2,5 2 0,77 0,31 0,16 0,46 66,64 115,97
3 1,5 0,86 0,27 0,31 0,58 131,96 145,82
3,5 1 0,93 0,22 0,50 0,71 212,95 178,59
4 0,5 0,98 0,13 0,73 0,85 310,93 213,63
4,5 0 1,00 0,00 1,00 1,00 426,81 250,00
4,5 0 1,00 0,00 1,00 1,00 426,81 -250,00
5 0,5 0,98 0,13 0,73 0,85 310,93 -213,63
5,5 1 0,93 0,22 0,50 0,71 212,95 -178,59
6 1,5 0,86 0,27 0,31 0,58 131,96 -145,82
6,5 2 0,77 0,31 0,16 0,46 66,64 -115,97
7 2,5 0,68 0,32 0,04 0,36 15,44 -89,41
7,5 3 0,58 0,32 -0,05 0,27 -23,34 -66,27
7,5 3 0,58 0,32 -0,05 0,27 -23,34 -66,27
8 3,5 0,49 0,31 -0,12 0,19 -51,40 -46,56
8,5 4 0,41 0,29 -0,17 0,12 -70,44 -30,12
9 4,5 0,33 0,26 -0,19 0,07 -82,03 -16,74
9,5 5 0,25 0,23 -0,21 0,02 -87,65 -6,14
10 5,5 0,19 0,20 -0,21 -0,01 -88,59 2,00
10,5 6 0,14 0,17 -0,20 -0,03 -86,01 7,99
11 6,5 0,09 0,14 -0,19 -0,05 -80,90 12,17
11,5 7 0,05 0,11 -0,17 -0,06 -74,09 14,84
Loredana Mihaela Chiforeanu 19
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-200,00

= 0,00

§ 20000

EE 400,00

EZ 60000

£ o 1 2 3 4 5 6 7 8 9 10 11 12

C

3 Horizontal distance from left-hand end of beam, x (m)

400,00
200,00
0,00
-200,00

-400,00
0 1 2 3 4 5 6 7 8 9 10 11 12

Shear force, V (kN)

Horizontal distance from left-hand end of beam, x (m)

Load P 300 kN
P4 =300 kN applied at x=11.5m
xP 11,5 m
X x' A B (o D M (kN-m) T (kN)
0 11,5 -0,04 -0,01 -0,03 -0,03 -6,62 -5,04
0,5 11 -0,04 0,00 -0,04 -0,04 -9,37 -5,96
0,5 11 -0,04 0,00 -0,04 -0,04 -9,37 -5,96
1 10,5 -0,04 0,00 -0,05 -0,05 -12,59 -6,91
1,5 10 -0,04 0,01 -0,06 -0,05 -16,28 -7,84
2 9,5 -0,04 0,02 -0,08 -0,06 -20,41 -8,69
2,5 9 -0,03 0,03 -0,10 -0,06 -24,94 -9,40
3 8,5 -0,02 0,05 -0,12 -0,07 -29,78 -9,89
3,5 8 0,00 0,07 -0,14 -0,07 -34,78 -10,05
4 7,5 0,02 0,09 -0,16 -0,07 -39,76 -9,77
4,5 7 0,05 0,11 -0,17 -0,06 -44,45 -8,90
4,5 7 0,05 0,11 -0,17 -0,06 -44,45 -8,90
5 6,5 0,09 0,14 -0,19 -0,05 -48,54 -7,30
5,5 6 0,14 0,17 -0,20 -0,03 -51,60 -4,80
6 5,5 0,19 0,20 -0,21 -0,01 -53,15 -1,20
6,5 5 0,25 0,23 -0,21 0,02 -52,59 3,68
7 4,5 0,33 0,26 -0,19 0,07 -49,22 10,05
7,5 4 0,41 0,29 -0,17 0,12 -42,26 18,07
7,5 4 0,41 0,29 -0,17 0,12 -42,26 18,07
8 3,5 0,49 0,31 -0,12 0,19 -30,84 27,93
8,5 3 0,58 0,32 -0,05 0,27 -14,00 39,76
9 2,5 0,68 0,32 0,04 0,36 9,26 53,64
9,5 2 0,77 0,31 0,16 0,46 39,99 69,58
10 1,5 0,86 0,27 0,31 0,58 79,18 87,49
10,5 1 0,93 0,22 0,50 0,71 127,77 107,15
11 0,5 0,98 0,13 0,73 0,85 186,56 128,18
11,5 0 1,00 0,00 1,00 1,00 256,09 150,00
11,5 0 1,00 0,00 1,00 1,00 256,09 -150,00
12 0,5 0,98 0,13 0,73 0,85 186,56 -128,18
Loredana Mihaela Chiforeanu 21
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These steps must be followed:
1) From the infinite beam solution obtained in the previous step must be extracted the values
of moments and shears at the edges (12 m length beam):

PG
Vi M, l Vi My

) — e — — - — ——

2) The fundamental cases of semi-infinite beam subjected to a concentrated load in the edge
must be solved using the values extracted in the previous step, but with the contrary sign.

Vosl g

/N oA

.

M, -3[\013

v o4 )

3) Using the superposition principle, the solution is the sum of the 3 cases.

Vs M,

g —— e —

{ v v

'\T
——_ DB
J.-\ J: 0B *__f ™,

|
N
7 My T
+

Py
V:M a0 l V:M=a=0
I....... A I

4) The solution is not exact because there are residual values of moments and shear in the
edges that come from the semi-infinite beams.

Moment Mg, | -31,6464 | kN-m
M
i - i JI
xMOA 0 m |
X X' A B C D M (kN-m) V (kN)
0 0 1,00 0,00 1,00 1,00 -31,65 0,00
0,5 0,5 0,98 0,13 0,73 0,85 -31,03 2,34
0,5 0,5 0,98 0,13 0,73 0,85 -31,03 2,34
1 1 0,93 0,22 0,50 0,71 -29,42 3,99
1,5 1,5 0,86 0,27 0,31 0,58 -27,13 5,08
2 2 0,77 0,31 0,16 0,46 -24,42 5,70
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Load Voa | 123,61 kN A
Xpa 0 m T
X x' A B C D M (kN-m) V (kN)
0 0 1,00 0,00 1,00 1,00 0,00 -123,61
0,5 0,5 0,98 0,13 0,73 0,85 -53,19 -90,05
0,5 0,5 0,98 0,13 0,73 0,85 -53,19 -90,05
1 1 0,93 0,22 0,50 0,71 -90,91 -61,67
1,5 1,5 0,86 0,27 0,31 0,58 -115,69 -38,22
2 2 0,77 0,31 0,16 0,46 -129,89 -19,30
2,5 2,5 0,68 0,32 0,04 0,36 -135,67 -4,47
3 3 0,58 0,32 -0,05 0,27 -134,96 6,76
3,5 3,5 0,49 0,31 -0,12 0,19 -129,43 14,89
4 4 0,41 0,29 -0,17 0,12 -120,51 20,40
4,5 4,5 0,33 0,26 -0,19 0,07 -109,39 23,76
4,5 4,5 0,33 0,26 -0,19 0,07 -109,39 23,76
5 5 0,25 0,23 -0,21 0,02 -97,04 25,38
5,5 5,5 0,19 0,20 -0,21 -0,01 -84,23 25,66
6 6 0,14 0,17 -0,20 -0,03 -71,55 24,91
6,5 6,5 0,09 0,14 -0,19 -0,05 -59,44 23,43
7 7 0,05 0,11 -0,17 -0,06 -48,21 21,46
7,5 7,5 0,02 0,09 -0,16 -0,07 -38,04 19,19
7,5 7,5 0,02 0,09 -0,16 -0,07 -38,04 19,19
8 8 0,00 0,07 -0,14 -0,07 -29,04 16,79
8,5 8,5 -0,02 0,05 -0,12 -0,07 -21,25 14,37
9 9 -0,03 0,03 -0,10 -0,06 -14,65 12,04
9,5 9,5 -0,04 0,02 -0,08 -0,06 -9,19 9,85
10 10 -0,04 0,01 -0,06 -0,05 -4,77 7,86
10,5 10,5 -0,04 0,00 -0,05 -0,05 -1,29 6,07
11 11 -0,04 0,00 -0,04 -0,04 1,35 4,52
11,5 11,5 -0,04 -0,01 -0,03 -0,03 3,26 3,19
11,5 11,5 -0,04 -0,01 -0,03 -0,03 3,26 3,19
12 12 -0,04 -0,01 -0,02 -0,03 4,58 2,09
-150,00
425 -100,00
3 -50,00
EE
£ = 0,00
® = 50,00
° o 1 2 3 4 5 6 7 8 9 10 11 12
@ Horizontal distance from left-hand end of beam, x (m)
__ 50,00
< 000
= -50,00
S 100,00
S )
= -150,00
2 0 1 2 3 4 5 6 7 8 9 10 11 12
” Horizontal distance from left-hand end of beam, x (m)
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Load Vs | 123,61 kN Vep
Xpg 12 m I
X x' A B C D M (kN-m) V (kN)
0 12 -0,04 -0,01 -0,02 -0,03 4,58 -2,09
0,5 11,5 -0,04 -0,01 -0,03 -0,03 3,26 -3,19
0,5 11,5 -0,04 -0,01 -0,03 -0,03 3,26 -3,19
1 11 -0,04 0,00 -0,04 -0,04 1,35 -4,52
1,5 10,5 -0,04 0,00 -0,05 -0,05 -1,29 -6,07
2 10 -0,04 0,01 -0,06 -0,05 -4,77 -7,86
2,5 9,5 -0,04 0,02 -0,08 -0,06 -9,19 -9,85
3 9 -0,03 0,03 -0,10 -0,06 -14,65 -12,04
3,5 8,5 -0,02 0,05 -0,12 -0,07 -21,25 -14,37
4 8 0,00 0,07 -0,14 -0,07 -29,04 -16,79
4,5 7,5 0,02 0,09 -0,16 -0,07 -38,04 -19,19
4,5 7,5 0,02 0,09 -0,16 -0,07 -38,04 -19,19
5 7 0,05 0,11 -0,17 -0,06 -48,21 -21,46
5,5 6,5 0,09 0,14 -0,19 -0,05 -59,44 -23,43
6 6 0,14 0,17 -0,20 -0,03 -71,55 -24,91
6,5 5,5 0,19 0,20 -0,21 -0,01 -84,23 -25,66
7 5 0,25 0,23 -0,21 0,02 -97,04 -25,38
7,5 4,5 0,33 0,26 -0,19 0,07 -109,39 -23,76
7,5 4,5 0,33 0,26 -0,19 0,07 -109,39 -23,76
8 4 0,41 0,29 -0,17 0,12 -120,51 -20,40
8,5 3,5 0,49 0,31 -0,12 0,19 -129,43 -14,89
9 3 0,58 0,32 -0,05 0,27 -134,96 -6,76
9,5 2,5 0,68 0,32 0,04 0,36 -135,67 4,47
10 2 0,77 0,31 0,16 0,46 -129,89 19,30
10,5 1,5 0,86 0,27 0,31 0,58 -115,69 38,22
11 1 0,93 0,22 0,50 0,71 -90,91 61,67
11,5 0,5 0,98 0,13 0,73 0,85 -53,19 90,05
11,5 0,5 0,98 0,13 0,73 0,85 -53,19 90,05
12 0 1,00 0,00 1,00 1,00 0,00 123,61
-150,00
=
> -100,00
3 -50,00
EE
£ = 0,00
@ = 50,00
. 1 3 6 8 10 11
& Horizontal distance from left-hand end of beam, x (m)
150,00
£ 100,00
= 50,00
§ 0,00
5 )
» 50,00
2 0 1 4 6 8 10 11
v Horizontal distance from left-hand end of beam, x (m)
Then, summing all the cases (the 4 semi-infinite beams and the infinite one) it is obtained:
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In order to get the exact solution, these steps must be followed:
1) From the infinite beam solution obtained in the previous step must be extracted the values
of moments and shears at the edges (12 m length beam) :
Py

i

2) The general equation must be solved with the new boundary conditions:

515 (0) = Mc0) = —m
J o (0) = M(0) = ~Ma
déy .
EJ22(0) =V(0) = ~Va
dy
= ﬂr = —
EJ=2 () = M() = ~Mb

déy
Efﬁ[_f} =V{l)=-Vb

3

3) The constants are obtained solving the system of equations:

Matrix constant term vector

0 ! 0 1 0,165812

-1 1 1 1 2,2113505

12,238919 | -31,28902 | -0,010842 | 0,027719 0,165812

Linear system to be | 43,527941| -19,0501 | -0,016877 | -0,038561 -2,21135

solved to take the

finite length . solution for

into account Inverse matrix arbitrary constants
-0,001254 1 0,0002847 | -0,016919|0,0277374 -0,063721| «c1
-0,001725| -0,000236 | -0,038633 | 0,0108572 -0,031222 | «c2
1,0021965| 1,000756|0,0603475| 0,006023 2,3758858 | ¢3
-1,001725| -0,000236 | -0,038633 | 0,0108572 -0,197034 | c4

4) Using them, it can be obtained the exact solution for a finite beam subjected to moments
and loads at its edges by putting the coeffcients into the system’s equations.

\ ,
0AL_ 4, ny
"/-i..\‘}‘ I{:':__'L ‘ 1'_];:'3*,«' *- B

[ R

5) Using the superposition principle, summing the infinite beam subjected to a concentrated
load to the case of opposite loads at the edges, the final moments and shears at the edges
are going to be eliminated giving in this way an exact solution.

Loredana Mihaela Chiforeanu 29

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 31 di 66



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 33 di 66

Foundations Master Course 2017/2018
-0,20 152,16 -3,36
-0,19 152,61 4,14
-0,18 -153,15 -4,88
-0,17 -153,78 -5,58
-0,16 -154,49 -6,22
0,14 -155,27 -6,80 ) )
012 156,12 731 Horizontal distance from left-hand end of beam, x (m)
-0,10 -157,02 -7,74 0 1 2 3 4 5 6 7 8 9 10 11 12
-0,08 157,97 -8,09 0,50
-0,05 -158,96 -8,34
-0,02 -159,97 -8,49
0,00 -160,99 -8,53 0,00
0,04 -162,01 -8,45
0,07 -163,02 -8,25 .
0,10 -163,99 -7,91 £
0,14 164,91 7,43 £ 050
0,18 -165,76 -6,80 >
0,22 -166,53 -6,01 O
0,27 167,20 -5,05 S 1,00
0,31 -167,74 -3,91 g
0,36 -168,13 -2,59 o
0,41 -168,35 -1,07 2 1,50
0,46 -168,38 0,64 A
0,52 -168,19 2,57
0,58 -167,75 4,72 2,00
0,63 -167,05 7,09
0,70 -166,04 9,71
0,76 -164,71 12,56
0,82 -163,02 15,67 2,50
0,89 -160,94 19,04
0,96 -158,44 22,69
1,03 -155,48 26,60
1,11 -152,04 30,81
1,18 -148,08 35,31
1,26 -143,55 40,11
1,34 138,44 45,22
1,42 -132,69 50,64
1,50 126,27 56,39
1,59 119,14 62,47
1,68 -111,26 68,88
1,76 -102,60 75,64
1,85 -93,10 82,74
1,94 -82,73 90,19
2,03 -71,44 98,00
2,13 -59,19 106,17
2,22 -45,94 114,71
2,31 -31,65 123,61

e Finite beam with concentrated loads

5

=
Jn

m
— - - - - -

300 kN 200 kN S00 kN W0 kN

C : |
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4,10 146,39 194,42 134,32
4,09 140,69 -289,47 -134,02 Horizontal distance from left-hand end ¢
4,08 106,91 273,41 -133,66
4,07 75,07 257,40 133,25 beam, x (m)
4,06 45,14 -241,43 -132,81 0123 456 7 8 9101112
4,04 17,12 225,52 -132,36 __-144,00
4,03 -8,99 209,67 131,89 fél -142,00
4,01 -33,20 193,87 131,43 <
4,00 -55,52 178,13 130,98 é -140,00
3,99 75,96 162,43 130,56 o "138,00
3,98 94,51 -146,79 130,17 - -136,00
3,96 111,19 131,19 129,82 g -134,00
3,96 -126,00 -115,63 -129,51 2 132,00
3,95 138,94 100,11 129,26 o
3,94 -150,02 84,61 129,07 2 -130,00
3,94 -159,25 -69,13 128,94 8 -128,00
3,94 -166,61 -53,66 -128,88
3,94 172,13 -38,19 128,89
3,94 -175,78 22,72 128,97
3,94 177,58 7,24 129,13
3,95 177,52 8,27 129,36
3,96 -175,59 23,81 -129,67
3,97 -171,80 39,40 -130,05
3,99 -166,13 55,03 -130,50
4,00 -158,59 70,72 131,03
4,02 -149,16 86,48 131,62
4,04 -137,83 102,31 132,27
4,06 -124,60 118,22 -132,99
4,09 -109,46 134,23 -133,75
4,11 -92,38 150,33 134,57
4,14 -73,37 166,53 -135,42
4,16 52,41 182,83 -136,30
4,19 -29,49 199,24 -137,20
4,22 -4,59 215,76 138,12
4,25 16,30 -67,61 -139,04
4,27 9,19 -50,87 -139,95
4,30 4,09 -34,02 -140,86
4,33 1,03 -17,07 141,77
4,36 0,00 0,00 142,68
Max 146,39 289,47 | -128,88
Min -177,58 -289,47 -142,68
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Using the numerical approach, obtain shear, moment and displacement diagram of the following

beam on an elastic foundation.

O'SE» |= 4m qu 3m I- 4m rI }.[)75 m
300 KN 500 EN 500 KN 300 kKN
mﬂ] KN-m 100 KN-m 150 KN-m 60 kN-m
| |
| |
| |
| T — 17 imn |

In this case we add the external moments applied on the beam in the same sections defined before.
We do the calculations only numerically, because analytically it would be very long and we should
write the moments are pairs of concentrated vertical loads, then compute the variables (y,V,M) for
each case and then sum all the found values.

e Input data
Sections
Layer Length Load Spring
m kN/m? kN/m?
1 0.500 0.000 28764 000
2 4.000 0.000 29764.000
3 3.000 0.000 29764.000
4 4.000 0.000 28764 000
5 0.500 0.000 29764.000
Forces
Point X F M
m kN kNm
0 0.000 0.000 0.000
1 0.500 60.000 60.000
2 4 500 100.000 100.000
3 7.500 150.000 150.000
4 11.500 60.000 60.000
5 12.000 0.000 0.000
e OQOutput data
w
P— [Trrrrre [T e .
Iﬂ‘l I| II T I‘.'I
] |‘ |
\
Al
M T Ty \

,fmmﬂﬁmﬂml
\

Minimum displacement : 0.000 m
Maximum displacement : 0.002m
Minimum shear force - -124_ 138 kN
Maximum shear force : 1271282 kN
Minimum moment :  -68.458 kNm
Maximum moment : 140.909 kKNm
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Now it is interesting to see what happens in the following cases:

0.5 m 05m
o k ofe e " e
300 kN 1500 KN 500 kN _L300 kN
Kl 4300 A0 200 _
/ N60KN-m [/ N0 EN-m N30 KN-m /) \60 KN-m
f \ { ¥ / ) f A
- w I
v . .

Ky, =735 MN/m? Ky, =7.35 MN/m?

Foundation soil: variable
) K, =735 MN/m? (from plate load test of side b= 0.305 m)
2) K,,=7.35MN /m? (from plate load test of side b = 0.305 m)

3) Klp= 73.5 MN,/m and Klp= 7.35 MN/m? as shown in the figure

This case is exactly the same as in section 2. Case 2.

e Input data
Sections
Layer Length Load Spring
m kN/m* kNim*
1 0.500 0.000 2976.000
2 4.000 0.000 2976.000
3 3.000 0.000 2976.000
4 4.000 0.000 2076.000
5 0.500 0.000 2976.000
Forces
Point X F M
m kN kNm
0 0.000 0.000 0.000
1 0.500 300.000 60.000
2 4.500 500.000 100.000
3 7.500 500.000 150.000
4 11.500 300.000 60.000
5 12.000 0.000 0.000

e Qutput data

R

Minimum displacement : 0.040 m
Maximum displacement : 0.050 m
Minimum shear force - -326.851 kN
Maximum shear force 1406521 kN
Minimum moment :  -214 467 kNm
Maximum moment :  209.8459 kNm
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Now we want to see the behaviour of the beam when it’s located on a soil having two different

stiffnesses.

e Input data
Sections
Layer Length
m
1 0.500
2 4.000
3 3.000
4 4.000
5 0.500
Forces
Point X
m
0 0.000
1 0.500
2 4500
3 7.500
4 11.500
5 12.000

e OQutput data

)
WinklerSsam - Bsam on Elactio Fo

Cistft Univerciy Geotsobnlos, Sagbsld

Graphc

Wi dspleose snt

Maxmor deciosraT |

MU e oo
ez m o shaar focs
Mirimur moment
Baxmon morens

Load

kN/m?
0.000
0.000
0.000
0.000
0.000

F

kN

0.000
300.000
500.000
500.000
300.000

0.000

Spring

kN/m?
29764.000
29764 000
29764.000
2976.000
2976.000

M
kNm
0.000

60.000
100.000
150.000

60.000

0.000

o
=
e
=
i

=

l
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e The concentrated moments cause jumps in the bending moment diagram. In the Verruijt’s
software this causes an error in the shear force diagram, showing a very high and no sense
value. This is because the shear force is the derivative of the moment, and the slope of a
vertical line (the jumps) is infinite, so a very high value of the shear is calculated wrongly.

e Comparing the 1st and 2nd problem, it can be seen the following aspects:

= The values of the moments and shears are very much higher in the 2nd problem.
That is because the soil is very much compliant in the second case, causing that the
beam has to carry more loads. In the other hand in the 1st case the soil is stiffer and
collaborates more with the beam.

= The vertical displacements are very much higher in the 2nd problem. This happens
because of the compliance of the soil that allows having much more displacement in
this case.

e Inthe 3rd case can be observed the following:

= |t can be observed the loads are pretty much higher than in the 1st case, but lower
than the second. This happens because the change in soil’s subgrade reaction. The
difference between the 2 parts of the beam causes that a very high negative moment
value exists near the limit zone.

= Since the difference in the soil subgrade reaction causes that the right part of the
beam suffers more vertical displacements, the beam is rotating. This rotation causes
the dangerous relative displacements in structures.
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We need firstly to check if a depth of embedment of 6 m is sufficient to guarantee the stability with a
suitable margin of safety (make reference to the collapse of the structure for a rigid rotation around
a given point — Design approach 1 — combination 2: A2+M2+R2).

First of all, the Design coefficients corresponding to the design approach mentioned previously
are mentioned in order to develop the following calculation.

A2 + M2 + R2 y coefficients
Yvariable load g 1.3

Ym (tane) 1.25

Ym (€s) 1.25

Ym (Cu) 1.4

Ym (vy) 1

R, 1.1

Then the Design soil mechanical properties are used, for each layer, to estimate the different
parameters that will be needed to the evaluation of the stability.
The following equations were used:

M =125 "rQ =13
Pg = atan| @n(p) 11 = deg
M)
. ‘A .. 2
bag = 5 = deg Bpd = 5P = -deg
44 =7Q4= kPa
L[ (sm(bag)) )
By = asin] ——— |84 = deg
2{ | sm(:pd] )
1 (sinfopg)) )
] :=—-| asin| ———= | +4 d‘= -deg
P™ 2 L4 sinfp ]/. P ]

cos|( 8, - 7 ... 2 . _
K, = |:|'—d]}| '[C"Slﬁad_}' -/ (512(4)) —(sin{8q)| J:|-EXPI:—3-Ga'mﬂ{"Pd” =

L+sinfypy )
1-sinfipg)
K:Rankine = T+ sin(pg)

1:0'.51-3 ] i [ . & R 3 ) .

% :{1 -sinf;;ﬂ '[“"‘“lﬁpd] +./(sinfeg) ) —(sin{dpq)) :|:|-6@L3-Gp-mn|: d)) -
_ Lesinfeq)

KpRankine = T “sin(eq)

Ko =1 —sin(¢@d) — for sands

Ko = (1 — sin(¢d)). OCR®® — for clays
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=  Where the used parameters are:

yw 10 | kPa
d 6 m | (-) on the right side of the wall
deltah | 1,5 m
Lflux | 13,5 | m | (+) on the left side of the wall
i 0,111

Utot = Ustatic T Udynamic

Uresultant — Utot, right — Utot, left

ov = z OV thiayer — Z Yi-thiayer " Z

/ —
O Vi_thiayer = (UU - utot)i—th layer
' = +K g’
i—thlayer — i—th layer i—th layer i—th layer
0Qi_thi 0qi—thi Ai—th1 OVi_thi

/ _ Lo
ODi—tn layer — Kpi—th layer OVi_tn layer

Diagrams with the resultant pressures, that have been obtained, are showed below and estimation
of the different forces associated to the area that these represents, will be calculated.

===g=== \Vater pressure on the right === \vater pressure on the left

Water prESSUrES e water pressure resultant wall
u (kPa)
-80,00 -60,00 -40,00 -20,00 0,00 20,00 40,00 60,00 80,00

0O-00
U, 00

0,00

Z(m)

-17,22]

1
/ 419, \
66,67 W 14,00 0,00 \
; 14,00 0,00
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kN
Q3 = 0Gos tness* Zrena o = Zrstancy) = 519 kPa- (955 m — 2.4m) = 37.108—

kN
Qs =0qof the " Zrena o — Zvstare o) = 5.62 kPa- (14 m —9.55m) = 25.010?

=  Surcharge arms with respect to the prop level

Zprop =1m
1 1
le = E ' (Z"end o — Zrstart I:I") = Zstarto — Zprop) = E (1.2-0)m+ (0 — 1)m = —0.4 m (over the prop)
1 1
bQ2 = E (Z"end o' — Zrstart I:I") = starto — Zprop) = E 24-12)m+ (12-1)m=08m
1 1
bQ3 = E (Z"end o — Zrstart EI") = Cstarto — Zprap) = E (9.55-2.4)m + (24-1)m=497m
1 1
bQ4 = E (Z”end o' — Zrstart I:I") = Zstarto — Zprop) = E (14 - 9.55)m + (955-1)m =10.77m
SOiI pressu res =@=active pressure == passive pressure wall
6'a ,6'p (kPa)
-250,00 -200,00 -150,00 -100,00 -50,00 100,00
6,00
- . & 37,07
N 8,004 \
-60,12 nd \
9,00
53,08 e 44 44,28
Dkl | \47,95
11,00
// 12,00
— 13,00 \‘1
15,00 T
This graph refers to the active pressures considering the surcharge and calculated as:
! _ L
0Qai_th layer — 0qi-th layer + Kai—th layer OVi_tn layer
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2 2
bp; = § “(Zrp enas' — Zoastaresm) + (Z"A starts" — Zprop) = § (9.55-6.5)m+ (6.5 - 1)m = 7.533m
1 1
bPaS = E : (Z"end o — Zrstart I:I") + (ZstartI:I - Zprop) = E ’ (14 - 9.55)7)’1 + (955 - 1)m =10.775m

2 2
bPa9 = § ' (Z"A ends" — Z"A starts") + (Z"A starts" — Zprop) = § ' (14 - 9-55)m + (955 - 1)771 =11516m

=  Passive loads

1 , 1 kN

Ppl = E . (0 a,earth)(at Zpase of A) : (Z"end A — Lostart A") = E -60.12 kPa - (1-55 - O)m = 46-593?
, kN
sz = (U a,earth)(at Zstart of D) ) (Z"end o' — Zrstart EI") = 53.08 kPa - (6 - 155)"’- = 236206?

1 , , 1 kN
Pp3 = E . (0 aearth, atend — O aearth, at start) ' (Z"end A — Lostart A”) = E : (205:47 - 53.08)kPa . (6 - 1-55)m = 339067;

= Passive arms with respect to the prop level

Z =1m
prop
2 2
prl = § (Znp ends" — Z"Astarts") + (Z"A starts" — Zprop) = § (1.55-0)m+ (8—1)m =8.033m
1 1
prZ = E (Z"end [ Z"start EI") + (Zstartzl - Zprop) = E (6 - 1-55)m + (9-55 - 1)m =10.775m
2 2
pr3 = § (Z"A ends" — Z"Astarts") + (Z"A starts" Zprop) = § (6—-1.55)m+ (9.55-1)m = 11516 m

With these forces and arms the Un-stabilizing moments can be calculated making the equilibrium in
the prop point.

Type Name Load |Arm b | Moment T Moment design unstabilizing
(kN/m) | (m) (kNm) (kNm)
Pal 3,04 -0,20 -0,61 1,0 0,00
Pa2 10,28 0,80 8,23 1,0 8,23
Pa3 4,84 1,00 4,84 1,0 4,84
Pad 52,11 | 3,45 | 179,78 1,0 179,78
Active pressure Pa5 78,56 4,13 324,67 1,0 324,67
Pa6 97,20 7,03 682,85 1,0 682,85
Pa7 22,02 7,53 165,88 1,0 165,88
Pa8 188,37 | 10,78 | 2029,67 1,0 2029,67
Pag 50,73 11,52 584,21 1,0 584,21
Ul 10,00 6,50 64,99 1,0 64,99
Water pressure
u2 39,99 9,00 359,91 1,0 359,91
Ql 4,84 -0,40 -1,93 1,3 0,00
Q2 8,16 0,80 6,53 1,3 8,49
Q3 37,11 4,97 184,43 1,3 239,75
Surcharge pressure | Q4 25,01 10,77 269,36 1,3 350,17
Moment design
unstabilizing total 5003,43
(kNm)
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Taking the values calculated in the previous step:

5q Z U static | U dynamic U tot U resultant
(kPa) | (m) | (kPa) | (kPa) | (kPa) | (kPa)
A 4,03| 0,00| 0,00 0,00| 0,00 0,00
B 4,03| 1,20| 0,00 0,00| 0,00 0,00
B' 6,80| 1,20| 0,00 0,00| 0,00 0,00
C 6,80| 2,40| 0,00 0,00| 0,00 0,00
c' 519| 2,40| 0,00 0,00| 0,00 0,00
D 5,19| 6,50| 0,00 0,00| 0,00 0,00
E 519| 9,55(30,50| -3,39|27,11 9,89
E' 562| 9,55(30,50| -3,39]|27,11 9,89
F 5,62 114,00 (75,00 | -8,33]|66,67 0,00
| 0,00| 0,00| 0,00 0,00| 0,00 0,00
H 0,00| 1,55]15,50 1,72 (17,22 0,00
H' 0,00| 1,55]15,50 1,72 17,22 0,00
G 0,00 | 6,00|60,00 6,67 | 66,67 0,00

Point

At the base of the grouting the total pressure is 66.67 kPa.
The total vertical stress is:

kN
OV = Y(un)treated " 4 = Zlﬁ -6m = 126 kPa
The design total vertical stress is:
ov 126 kPa

ﬁ = {5 86.896 kPa

oV =

The condition that must be satisfied is:

oV, > Utot
Which is verified.
Total vertical stress (86.896 kPa) > Total pressure (66.67 kPa) = Total water pressure verified

At the base of the grouting the total pressure is 6.67 kPa.
The effective vertical stress is:

' kN
ov = (y(un)treated - Vw) -Z =(21-10) ﬁ 6m = 66 kPa

The design total vertical stress is:

, dv 66kPa
ocvy =—=———=33kPa
Yr 2
The condition that must be satisfied is:
OVq > Ugor

Which is verified.
Total vertical stress (6.67 kPa) > Total pressure (33 kPa) = Dynamic water pressure verified
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all Properties of Soil Layers

Right Side
Mo | Sail Hame H wid s ] Cap q @ Ka Kp Kn D
m kM Arré feM Arré m m feM A feM A - - - m

1 |Sail1 1.000 21.000 21.000 £.500 0.000 26.000 0.000 0.202 8.588 0.376 0.061
2 [sail2 0.z200 21.000 21.000 £.500 0.000 26.000 0.000 0202 8.588 0.376 0.061
3 |50 3 1.200 18.740 18.740 £.500 0.000 26.000 0.000 0.340 3743 1.534 0.061
4 |50l 4 5.600 18.000 18.000 £.500 0.000 26.000 0.000 0.260 5631 0.457 0.0&1
5 [Sail5 1.550 18.000 18.000 £.500 0.000 26.000 0.000 0.260 5631 0.457 0.061
6 [Sail6 8.000 18.000 18.000 £.500 0.000 26.000 0.000 0282 4710 0.484 0.061

Mo.|Soill Mame H wid Wiz 2w Cap q = K.a Kp Kn D
m kM kM A m m kM fmé kM - - - m

1 (Saill 1.000 0.000 10.000 £.500 0.000 0.0o0 0.000 1.000 1.000 1.000 1.000
2 |5ail2 0.200 0.000 10.000 £.500 0.000 0.000 0.000 1.000 1.000 1.000 1.000
EEE 1.200 19.790 19.790 £.500 0.000 26.000 0.000 0.340 3743 1.834 0.061
"4 [Soil 4 5.600 18.000 18.000 £.500 0.000 26.000 0.000 0.260 5631 0.457 0.061
5 |50il5 1.550 18.000 18.000 £.500 0.000 26.000 0.000 0.260 5631 0.457 0.061
& |5ails 8.000 12.000 18.000 £.500 0.000 26.000 0.000 0.2a2 4.710 0.424 0.0&1

And finally with the prop located and the excavation in the design depth:

-l Properties of Soil Layers

o) Sail M amme H Wid RES 2 Cap q & Ka Kp kh D

m kM4 kM /e m m kM kM A - - - m
1 |Saill 1.000 21.000 21.000 £.500 0.000 26.000 0.000 0202 8588 0.376 0.061
2 [50i2 0.200 21.000 21.000 £.500 0.000 26.000 0.000 0202 8588 0.376 0.061
3 (5003 1.200 19.790 158,740 £.500 0.000 26.000 0.000 0.340 3743 1.834 0.061
4 [50i4 5.600 18.000 18.000 £.500 0.000 26.000 0.000 0.260 5631 0.457 0.081
5 (505 1.550 18.000 12,000 £.500 0.000 26.000 0.000 0.260 5631 0.457 0.0&1
5 (50l 8.000 18.000 12,000 £.500 0.000 26.000 0.000 0.2a2 4710 0.4284 0.0&1
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kN
K =939150—
m

200000 XN 4 m
Dw = m =0.852m

kN
939150 m

The results obtained are:

-

Loading Step: [1 | B Loading Step: [2 <] B

i = | w | owm | e | e | F | ~ i = | ow [ wM [ o [ @ [ F | i "
m | m | KNmm | RNAm | kN/m | KM/m | kN | m | m | WNmm | kNm [ kN [ kNAm | kN |
0 | 60doooon; 0M4516 | 0000000 0.000000 0000000 0000000 0.000000 0 | 000000 | 0015670 0OODODO 0000000 | 0.000000 | 000000 0.000000
1 | 003574 007408 0003398 0190277 | 0080277 | 0000000 5327739 | 1| oomre | omsoss 0072363 4052312 4052312 | 0.000000  -113.465644
| 2 | oo714z9) 0014295 0013688 0386%4 0385364 0000000 5479126 [ 2 | o749 004433 0269783 8123248 8123248 0L000D0D 113993528
[ 3 | 0107143 0014187 0031053 0567063 0SG7063 | 0.000000  -5.630B17 | 3| oto7a3 (UGG oes2832 12207465 12207465 0.000000  -114.358391
[ 4 | 014857 | 0014077 0086717 07A3ETY | 0733571 0000000 6782270 [ 4 | o14zes7 om30e 1761887 16299620 -16.299620 (L000000 -114.581257
[ 65 | 0178571 | 0073387 | 008784 1006491 | 1005481 (000000 -5 833807 [ 5 | 0178571 0012592 1817137 -20.394366) 20394368 0000000 114653661
| B | 0214286 001357 0127635 1222821 | 1222621 0000000 -6.085118 [ 6 | 0214286 0011976 2618575 24496364 24486364 (L000000 114573597
| 7 | ozs0000 0013747 0175285 1445562 1445562 0000000 -6.236738 [ 7 | 0250000 0011351 aBER0TE 28570258 28670253 0000000 114349975
[ 8 | noesri4 DI | 0290986 1E7ITI4 | 1E7II4 | 0OOO0OD 6388307 | 8 | o295ms | 00745 4653071 32640703 32640703 0.000000 113573344
8 | 32423 0m3eo8| 0294932 1907277 | 1907277 | 0000000 6539833 8 | 0321423 0010123 E89PIET 36692343 36632343 0000000 113 443651
10| 035743 0M3N8 | 03FI7 | 2146260 2146250 0000000 6631298 10| 0357143 0009513 7279521 40719821 40719621 0.000000 112770286
[ 11| 0207 | 0013308 0448332 239063 2390634 0000000 6842807 [11 | 0392887 0008897 BBOS193 44717777 44717777 0000000 111343664
| 12 | 0420571 0013193 0536173 2640423 | 2640429 0000000 6934316 [ 12| 0428571 0008201 10473025 -48.680844 ) 45630844 0.000000 110965764
| 13 | 04B4286 0013083 | 0B37031 2835634 2895634 0000000 7145557 [13 | Dapazsk | 0007685 12281677 52603851 52603651 0000000 109836359
| 14 | 0500000 0012973 | 0745100 -37156250 | -3156250 0000000 -7.297306 [ 14 | 0500000 0007048 14.229614 56.480820 -56.4808200 0.000000 -108.561500
| 15 | 0535714 | -0.012863 | 0862574 -3.422277 | -3.422277 | 0.000000 -7.448816 |15 | 053714 0006431 TEFIS1I0 E0.3069EE| 60305956 LODOODO -107.132345
[ 16 | 0571429 | 0012759 | 0989645 | -3.693714 | -3693714 | 0.000000 -7.600054 16 | 0571420 0005614 18536247 -64.076695 -64.076695 0.000000 -105.550301
| 17 | DBO7143 | 0012650 1126807 -38970562 3870582 0000000 7751808 [17 | 00743 | 0005197 20890913 -67.784606 67784605 0.000000 103822339
| 18 | O0EB42857 | 0012540 | 1.273354 | -4.262871 | -4.252821 | 0000000 -7.303315 [ 18 | 042857 0004573 3IVEADS F1A26283 71425283 (000000 101939340
| 13 | 0E78571 | 0012430 | 7430377 -4540431 | 4540431 0000000 -8.054824 |19 | oEresrl | 0003961 Z59ET4Z2 PA.993320 74993320 QO0OO00 -39 905667

20 0714286 -0.012320 0 1.897771 -4.833571  -4.833571 | 0.000000 -E.EDEDTE+ vL 20 | 0714285 0003343 28732075 78483268 7B 4B326E 0000000 97716590 W

Results after Step 1:

-0.060 W 0.(-400.0 M 40-300.0 Q 3000 -100.0 f 100.0
0 | I
17.550 m
Maxima : 0.014516 m 71.381983 kNm/m -50.593949 kN/m 70.762934 kN/m2

Results after Step 2 :

-0.060 w 0.(-400.0 M 40-300.0 Q 300.0 -100.0 f 100.0
0

17.550 m .
Maxima: -0.055331m ~404.277094 kNm/m 278.628958 kN/m 158.493823 kN/m?
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Homework 4
Piles: settlement and bearing capacity

From the following configuration of a group of piles, calculate the bearing capacity and the
settlement as individual one and as the group.

Bm

am L=20m

O O
O O

For the estimation of the solution we use the in situ test CPT (showed in Homework 1), in order to
use the values of the tip resistance qgc. The final results are in the two tables.
The input data for the calculation is:

Bored piles
D (m) 1
L (m) pile length 20
nr piles 5
S (m) spacing 5
Lr (m) raft length 8
Ap (m?) pile area 0,785
Ar (m?) raft area 64
Su (kPa) undrained shear strength in clay layer | 214,852

The a coefficient, for calculating the friction value in clays, was obtained from two authors, but the
used value was the S. and Kulhavy:

pa (kPa) atmospheric pressure | 101,325
a (S. and Kulhavy) 0,333
o (Skempton) 0,45
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Nr of soil profiles | 1 2 3 5
&3 1,71165| 1,6 | 1,5
&4 1,71155(1,48 | 1,34
R, In situ test

- — Analytical
Q (kN) | Average | Minimum | Selected

Qs 1390,13 | 1414,055| 1390,13 4356,30
Qb | 1540,00 | 1689,399 | 1540,00 | 14747,42
Qtot | 2930,13 | 3103,45| 2930,13| 19103,72

Where:
. Rc,k,average Rc,k,minimum
R., = min £3 ; 7
And finally the design resistance is:
Rd (kN) In situ test | Analytical

base resistance 2170,47 | 14150,90
shaft resistance | 2547,94 | 16611,93
overall resistance | 2253,94 | 14695,17

Where:

Rc,k,tot
Ry = —==
Yr

For the estimation of the bearing capacity of the group, we can assume the following equation:

_ _ Pg, analytical = 1" Qsingle, tot
Pgroup =n- Psingle,lim —1p

g, insitu, i—thtest =n- Qsingle, tot, insitu, i—th test

Then, as we have 4 piles the final result will be (for both methods):

Pgroup (kN)
Analytical 76414,881
. Pgl | 18527,026
In situ test
Pg2 | 16634,514
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E— 68 MPa + 21.5 MPa + 79MPa

3 = 56.20 MPa

E 56.20 MPa
= = 23.42 MPa

622(1+v)_ 2(1+02)

Then for the contribution of the tip, the G can be obtained directly:

Gpaee = = 2 MPA o5 92 Mp
base =51 +v) 2(1+02) O 4
Then the Kv is equal to:
Pyingte 1 , 2-1m-32.92kPa-10° kN
K, =29 _ ~ 5. 20m-23.42 kPa - 10% + = 818061 —
w2 1-02 m

From the bearing capacity analysis, we can get the values of the overall forces, Rd:
e Analytical approach = 14695,17 kN
e |nsitu test method = 2253,94 kN
e V=25

Now using:
Rd = Psingle "YrR

One can find:

Rd 14695.17 kN
Psingle, analytical = . = T = 5878.10 kN
Yr .

Rd  2253.94kN

— = = 901. N
”~ 55 901.57 k

Psingle, in situ test —
Now it’'s possible to obtain the maximum settlement because, assuming that the load comes from
the bearing capacity, the pile is mobilizing its maximum capacity.

Pg; i 5878.10 KN
Wanalytical = single I?nalytlcal = &N = 0.00718 m = 7.18 mm
v

818061W

_ Psingle, in situ test _ 901.57 kN

Win situ test = K, - 818061k—N
m

= 0.00110 m = 1.10 mm
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Then we can say that:

U1 = A13 = A1 = g = U317 = A34 = U3 = Uy
d1q = U3 = Ayq = A3

Then the results are:

In 275.§nm)
0(12 = = 0.424
4
In (27.3 m)
Ay = _\5v2m/ = 0.337
4
The equation of the rigidity for all the piles are:
kN
K = nopiles ‘K, 4-818061 m
L=

kN
= = 374398,7 —
nopiles : (all + alz + a’13 + 0(14) 4 - (1 + 0424 + 04‘24‘ + 0337) m

Finally, the settlement of the group of piles is:

nopiles ' Psingle, analytical _ 4-5878.10 kN

Wanalytical = = =0.0628m = 62.8 mm
K 374398,7 KN
m
Nn°,ites * Psi i si 4-901.57 kN
Win situ test = piles Sml'?le' sftu test = kN = 0.00963m = 9.63 mm
v 374398,7 —
m
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