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Introduction

The condruction of a tunnd in a granular soil produces complex soil-Structure
interaction effect. This is compounded when the tunnd is congructed close to any
exiging bdow dgructures, egpecidly piled foundations in urban city aea In an
attempt to better understand the effect on buried Sructures due to adjacent
tunnelling, research, both physicd and andytica, is being carried ¢ UCL. The firg
pat of this research is amed a moddling the basc case of a pile in a granular
materia. In this sudy, the pile was assumed to be an end bearing pile, not a friction
pile. The dip dements were, therefore, applied around the pile in the numerica
andyss usng Crisp. The numericd andysis was carried out in order to compare the
displacement patterns and falure mechaniams in teems of dran fidds with the
laboratory 2D pile load test usng a photogrammetry technique. The New Mohr-
Coulomb soil modd based on linear eadic pefectly plastic mode was used to
introduce the dilation effect into this idedised granular materid. In connection with
the New Mohr-Coulomb soil modd, al parameters were assumed.  Stiffness and
dilation angle were then changed to approach the red experimental behaviour of this
idedised materid. The am of this dudy is to find an efficdent mesh, which is
related to low CPU time and to investigate the main factors, related to satisfaction of
digplacement norm convergence in connection with the MNR iterdtive solution
scheme of SAGE CRISP. This paper findly presents experimentd results in
comparison with the numericd anayss.

Laboratory 2D pileload test

The pile load tet is the most commonly adopted method of checking the
performance of a pile.  The pile load tex may be ether satic or dynamic. In this
sudy, Setic tests were carried out at laboratory scade. The am of this laboratory 2D
pile load test is to measure the pile head settlement using a did gauge on the pile
head resulting from pile loading (i.e. 5kg, 10kg, 15kg, 20kg, 25kg and 30kg) and to
take a picture for the image processng usng the photogrammetry technique. Fig 1
shows the laboratory 2D pile load test including reflective points (or/ bead marks) on
the black duminium rods and 25 reference points on the sed frame. The load
agang pile head displacement (P-S curve) is shown in Figure 2. In the RS curve,
plastic behaviour is evident after 20kg of pile loading.
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Plane strain meshes

In this study, two meshes were constructed, shown in Figure 3 and 4, to compare the
CPU time under the same parameters and the same analyss conditions. The mesh A
has totd 639 nodes and 1160 dements including 1132 LSTs (Linear Strain Triangle
elements) and 28 LSQs (Linear Strain Quadrilatera eements).
total 195 nodes and 176 eements including 4 LSTs and 172 LSQs. The boundary

Load(Kg)

Figure 1. 2D modd pile load test
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and geometry conditions were dso shown in Figure 3.
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Figure 3. Mesh A
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Figure 2. P-Scurve

The mesh B has
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Figure4. Mesh B

In drained condition, al parameters were summarised as below Table 1, 2 and 3 and

materid zones were dso shown in Figure 5.

Table 1. Granular soil based on the New Mohr-Coulomb modd

CKpa) | () | y() n Eo(Kpa) | me(Kpalm) | me(Kpalim) | gu(KN/mf) | Yo(m)
0.1 0 20 0.35 1600 40,000 0 24 0.72
Table 2. Sip dement
C(Kpa) d°) Kn(Kpa) Ks(Kpa) Ksres(Kpa) t(m)
0.005 5 16,000 8,000 08 0.1
Table 3. Concrete pile based on the isotropic eastic model
E(Kpa) n Shuk(KN/n)
1.55e7 0.2 23
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Figure 5. Materia zones (drained condition)

Analysis conditions

For the andyss of pile loading, the experimentd vaues of pile head settlement
were gpplied on the centre node point of the pile head as shown in Figure 6. In this
study, the author focused on the DCM (Displacement Control Method) rather than
LCM (Load Control Method)

applied Dy

|

[ Pile element

Slip element

Soil element

Figure 6. DCM according to the pile head settlements

MNR (Modified NewtonRaphson) iterative solution was used in association with a
tolerance of 0.05 and maximum iteration number of 40. K, =0.5 was used for the in-
Stu dress conditions.  For the digplacement norm convergence in the MNR, tota
320 increments were used as summarised below Table 4.
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Table 4. Increment block parameters

Increment Increment Pile head settlements | Time-Step Number of increments

block No. block list (mm) (sec) casel | Case2 | case3 | casea
1 Install pile 0 1 5 5 5 5
2 Dy;=0.08mm 0+0.08=0.08 1 5 10 20 5
3 Dy>=0.6mm 0.08+0.6=0.68 1 5 10 20 20
4 Dy3=0.32mm 0.68+0.32=1 1 5 10 20 40
5 Dys=1.34mm 1+1.34=2.34 1 5 10 20 50
6 Dys=1.95mm 2.34+1.95=4.29 1 5 10 20 50
7 Dys=3.71mm 4.29+3.71=8 1 5 10 20 50
8 Dy7=3.83mm 8+3.83=11.83 1 5 10 20 50
9 Dyg=8.56mm 11.83+8.56=20.39 1 5 10 20 50

Total 20.39 9 45 85 165 320

Results

1. Displacement norm convergence check for the MNR

Table 5 shows the displacement norm convergence according to the number of
increments.  The convergence is clearly dependent on the number of increments (or/
increment Sze) in this sudy (i.e. with dip dements).
are not goplied aound the piled foundation (i.e without dip eements), the
convergence isindependent of the number of increments.

Table 5. Increment size effect (basedony = 20°)

However, if the dip dements

Convergence

Number of increments

With dlip elements

Without slip elements

45 No Yes
85 No Yes
165 Yes Yes
320 Yes Yes

Table 6 dso shows the displacement norm convergence according to the vaues of
dilation angle in the New Mohr-Coulomb soil modd. The convergence with dip
dements is only saidied a the dilaion agle of 20 degrees.  However, the
convergence without dip dements is satisfied except for the dilation angle of 0 and

5 degrees.
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Table 6. Dilation angle effect (based on 320 increments)

Dilation angles Convergence
) With slip elements Without slip elements
0 No No
5 No No
10 No Yes
15 No Yes
20 Yes Yes

2. Comparison of CPU times

CPU time was compared between the mesh A and mesh B as shown in Figure 7.
The mesh B is most cost effective in terms of computer resources.

CPU time (sec

3. Comparison of MNR methods
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Figure 7. Comparison of CPU times

According to Potts et d. (1999), the MNR results are insendtive to increment size as
shown in Figure 8. However, in Crigp, the MNR results are dependent on increment
gze in connection with the dip dements The MNR solution in Crisp was not fully
implemented in connection with relationship between load norm and displacement
norm, being based only on the displacement norm convergence checking system a
the moment. Therefore, Crigp needs to add the load (or/ force) norm convergence
checking system in association with stress point agorithms.
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Fig. 8. Pile problem (After Potts et ., 1999)

4. Comparison of results between the experiment and the numerical andysis
The experimenta results are plotted using the photo image processing as follows:

(1) Vector movements, (2) Horizontd displacements, (3) Verticd displacements. (4)
Dilatant volumetric drains, (5) Maximum shear drains (6) Mgor principd dran
directions; (7) Zero extension line directions (or dip line directions).

These digplacements are associated with gtrain fidds in soil mechanics problems.  In
connection with above displacement plots, the results of the numericd andyss
based on the mesh B were compared with the experimenta results. There is good
agreement between both results in connection with displacement patterns and failure
mechaniams through the dip line directions as shown in Figure 9.

Scale: 15 M.F.=10

Figure9. (@) Vector movements
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Horizontal displacement contour
(Pile loading: 200 - 300N)
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Figure 9. (b) Horizontd displacements
Vertical displacement contour
(Pile loading: 200 - 300N)
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Figure9. (c) Vertica displacements

Volumetric strain contour
(Pileloading: 200 - 300N)
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Figure 9. (d) Dilatant volumetric strains
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Shear strain contour
(Pile loading: 200 - 300N)
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Figure 9. (g) Sip line directions
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Conclusions

The CPU time can be improved usng the linear drain quadrilateral dements (i.e
LSQs) rather than the linear drain triangular dements (i.e. LSTs). This does not
mean that quadrilaterd dements are in any way sSuperior to triangular dements.  In
the numericd andyss of the pile load test usng the dip dements the displacement
norm convergence of the MNR is very sendtive to the number of increments (or/
increment Sze) in contrast to the comment by Potts et d. (1999). In the New Mohr-
Coulomb linear dadtic perfectly plastic soil modd, the value of dilation angle § ) is
a key factor in order to satisfy the displacement norm convergence using the MNR
solution.
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