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Abstract

The study on micropiles for seismic improvement and reduction of structure
settlement has received much attention by structure theorists. This is due to the
performance of these piles in improvement of seismic performance of bed soil and soil
density and reduction in structure settlement.

This study is modelled on different arrangements of these micro-piles in different
states and the arrangement is modelled in three states of thickness and three states of bed
soil and four states for arrangement under steel 10-story building and is tested in Bam
earthquake. Also, the effect of batter micro-piles on relative displacement of structure is
evaluated.

The arrangement and samples are evaluated based on relative displacement of
structure and are compared together. Then, based on the results of arrangement of micro-
piles, the effect of angle of micro-piles on relative displacement of last story is
investigated. For parametric studies, finite element ABAQUS software is applied. In this
sample, micropile around the foundation environment is better in terms of arrangement
than seismic performance and in terms of thickness, for each 5¢cm increase in diameter of
micro-piles, 4-5% of relative displacement of structure is reduced and these changes are
no considerable in different soils. Also, micro-piles with angle 60 degree can improve
relative displacement in structure about 16.6% and other angles 45, 30 can create 5% to
the bearing piles for behavior improvement and reduce relative displacement and stress in
structure.
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1-Intruduction

The study on micro piles for seismic improvement and reduction of structure settlement
has received much attention by structure theorists. This is due to the performance of these
piles in improvement of seismic performance of bed soil and soil density and reduction in
structure settlement.

This study is modelled on different arrangements of these micro-piles in different states
and the arrangement is modelled in three states of thickness and three states of bed soil and
four states for arrangement under steel 10-story building and is tested in Bam earthquake.
Also, the effect of batter micro-piles on relative displacement of structure is evaluated.

The arrangement and samples are evaluated based on relative displacement of structure
and are compared together. Then, based on the results of arrangement of micro-piles, the
effect of angle of micro-piles on relative displacement of last story is investigated. For
parametric studies, finite element ABAQUS software is applied.

2-Study purpose
Soil and structure interaction is an important issue namely for hard and heavy structures
being built on flexible grounds. This issue changes structure responses considerably. Thus,
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the interaction effect should be considered in dynamic responses of structure. The analysis
and design of structures against earthquakes is studied in most of studies. During earthquake,
soil behavior of sub-structure plays an important role in structure response. Mostly, soil is not
modelled and its important effects are ignored. Due to infinite soil environment, it's modelling
his much more complex than structure modelling. In structures under the effect of earthquake,
beside dynamic forces and stresses in structure, earth and soil parameter and soil and structure
interaction play important role and the system behavior is affected considerably. This has
been received much attention in recent years.

3-Review of soil and structure interaction

Witman and Richard (1967) modelled substructure elastic half -space as a concentrated
mass and spring and in this model, springs and dampers are independent from load frequency
content.

In 2000, Rodrigues and Montez determined the existing parameters in one degree system
in ATC3-06 code for common structures in Mexico and by consideration soil conditions, the
effect of interaction on non-linear behavior of structure was evaluated and they found that by
improving the structure period, we can consider the effects of soil-structure interaction.

Hong et al., (2007) in finite element modelled the region around soil and applied viscose
elements and attempted to apply non-linear properties of soil in their model.

4-The introduction of modelled samples

To continue study and evaluate the behavior of micro-piles in a steel 10-storey average
structure as modelled already in ETABS software and is modelled on a 1.5m foundation. To
create dead and live load weight of structure in analyses, 10 ton is introduced to each structure
node to software. The samples are called and arranged for different types of micropiles under
foundation in Table 1. In all samples, the diameter of micropile is 20cm and their length is
10m as shown in the Table. As shown in the table, all samples are 16 and only their
arrangement is different from each other.

Table 1: Coding and arranging of micro piles

. . Numbers and
Coding Arranging Diameter Comment
A0 Without micro pile - -
Al 16-(20 cm) In corners

23 33|

A2 16-(20 cm) Surroundings
A3 : : : : 16-(20 cm) Uniform distribution
A4 coan 16-(20 cm) Centeral distribution
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In all samples, the only difference is in the site of micro-piles. The size of bed soil in all
samples is 30m*30 and height 20m above which foundation 10.08m*14.3m with depth 1.5m
is modelled.

To model the behavioral model of soil, Mohr coulomb plasticity is applied and for elastic
behavior of elastic module is 254.85km/cm? and Poisson coefficient 0.3. Plastic behavior for
friction angle is 22.12 and for dilation angle 1 and for cohesion stress is shown in Table 2-5.

For structure foundation concrete, concrete damage plasticity is applied and 28-day

cylinder compressive strength is 240 kg/cm? and elasticity module is 200000 kg/cm? and
Poisson coefficient is 0.25.

Table 2: cohesion stress and strain of bed soil
Cohesion Yield Abs Plastic

Stress Strain
T o
2 0.815 0.02
3 0.938 0.04
4 1121 0.08
5 1.22 01
] 132 012

5-Loading
For gravity load loading, gravity is used and 981 value is applied at the bottom of structure

that nodes apply 10-ton load on foundation and to apply acceleration under the bed,
acceleration along x is used as shown in Bam accelerograph.

o & A N o N » o ®

-10
Figure 1: Seismic acceleration

6-Results
6-1 Evaluation of the results of A0 sample

The maximum stress in structure is 2172 kg/cm? in columns and relative structure
displacement to foundation in roof level is 101.123cm.
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Figure 2: Stress in A0 sample
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Figure 3: Relative displacement of roof level versus time in A0 sample

6-2 Evaluation of the results of A1 sample
The maximum stress in structure is 2107 kg/cm? in columns and relative structure
displacement to foundation in roof level is 92.77cm.
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Figure 5: Relative displacement of roof level versus time in Al sample
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The maximum stress in structure is 2078 kg/cm? in columns and relative structure

displacement to foundation in roof level is 85.15cm.
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Figure 6: Stress in A2 sample
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Figure 7: Relative displacement of roof level versus time in A2 sample

6-4 Evaluation of the results of A3 sample

The maximum stress in structure is 2143 kg/cm? in columns and relative structure

displacement to foundation in roof level is 89.84cm.
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Figure 8: Stress in A3 sample
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Figure 9: Relative displacement of roof level versus time in A3 sample

6-5 Evaluation of the results of A4 sample
The maximum stress in structure is 2244 kg/cm? in columns and relative structure
displacement to foundation in roof level is 87.41cm.
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Figure 10: Stress in A4 sample
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Figure 11: Relative displacement of roof level versus time in A4 sample

6-6 The introduction and evaluation of results of sample A5

Sample A5 is considered based on the results of four states of A3 sample and the diameter
of micro piles is considered 30cm instead of 20cm and arrangement and all other items are
similar to that of sample A3.
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Figure 12: Relative displacement of A5 sample

According to the above curve, displacement is 85.56cm and compared to A3,
displacement is reduced as 4cm and behavior improvement is achieved in relative
displacement and 2043 is maximum stress of structure as to the diameter is less than A3 state.
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Figure 13: Comparison of relative displacement of A3 and A5 samples

6-7 The introduction and evaluation of results of sample A6

Sample A6 is considered based on the results of four states of A3 sample and the diameter
of micro piles is considered 15cm instead of 20cm and arrangement and all other items are
similar to that of sample A3.
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Figure 14: Relative displacement of A6 sample

According to the above curve, displacement is 90.45cm and compared to A3,
displacement is decrease as lcm and behavior improvement is achieved in relative
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displacement and 2168 is maximum stress of structure as to the diameter is more than A3
state.
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Figure 15: Comparison of relative displacement of A3, A5 and A6 samples

6-8 Introduction and evaluation of results of sample A7

Sample A7 is selected based on results of four states of A3 sample and type of soil with
low elasticity module 60kg/cm? and cohesion angle 36degree and type of clay soil is studied
for type of different soils.
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Figure 16: Relative displasment of A7 sample

Figure 17: Comparison of relative displacement of A3 and A7 samples

Accourding to the figure 17, variation of the bed soil type doesnot have significant effect
on relative displacement of structure.

6-9 Introduction and evaluation of results of A8 sample
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A8 sample is selected based on results of four states of sample A3 and type of soil with
low elasticity module 1200kg/cm? and cohesion angle 39 degree and type of soil is selected
similar to hard soil to study the type of different soils.
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Figure 18: Comparison of relative displacement of A3, A7 and A8 samples

The comparison of these three samples shows that stiffness of bed soil reduces relative
displacement of structure and structure vibration is reduced and soft soil increases vibration
for the required structure. This value is low and is not considerable in studies regarding the
type of soil.

7- Conclusion

As shown in Table 3, in the previous section sample A2 has low value based on absolute
value of relative displacements of structure.

Table 3: absolute value of relative displacements of structure in samples
absolute  value of
) . . . Number and . :
Coding Arranging of micro piles di relative displacements
iameter

of structure

A0 Without micro pile - 59327.39

Al 16-(20cm) 58102.83

£33 kX |

A2 16-(20cm) 52436/89

A3 o 16-(20cm) | 58476.8

A4 16-(20cm) | 58267.2

Relative displacement of structure shows reduction 12% compared to AO in A2 sample.

As shown in Chart 19, by increasing thickness of diameter of micro piles, their
displacement is reduced and the reduction of system displacement for each 5cm diameter
increase shows 4-5% reduction of relative displacement of structure.
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Figure 19: relative displacement of structure in A3, A5 and A6 samples

8-The evaluation of the effect of angle of micro piles on relative
displacement of last floor
8-1 The introduction of modelled samples

The samples arranged surrounding under foundation. In all samples, diameter of micro
piles is 20cm and their length is 10m as based on Table 4. As shown in the following Table,
all samples are 16 and only their angle are different.

Table 4: micro piles angle

Coding Arranging Angle Diameter
A0 Without micro pile - -

Al ; i REL 20

A2 ) T |45 20

A3 ) ) 60 20

A4 ) T |30 20

8-2 Evaluation of the results of A0 sample
The maximum stress in structure columns is 3700 kg/cm?.
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figure 20: stress in A0 sample
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Figure 21: Relative displacement of A0 sample

8-3Evaluation of the results of A1 sample
The maximum stress in structure columns is 3178 kg/cm?.
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figure 22: stress in Al sample
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Figure 23: Relative displacement of Al sample
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8-4Evaluation of the results of A2 sample
The maximum stress in structure columns is 3504 kg/cm?.
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figure 24: stress in A2 sample

Chart Title

100

45

Figure 25: Relative displacement of A2 sample
8-5Evaluation of the results of A3 sample
The maximum stress in structure columns is 3150 kg/cm?.
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figure 26: stress in A3 sample
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Figure 27: Relative displacement of A3 sample
8-6Evaluation of the results of A4 sample
The maximum stress in structure columns is 3150 kg/cm?.
Figure 28: stress in A4 sample
Chart Title
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Figure 29: Relative displacement of A4 sample

8-7 Conclusion
As shown in Chart 30 in Bam earthquake, displacements show angle 60 degree with
horizontal direction or 30 degree to bearing shows the highest displacement in A3 about 16.6

reduction compared to the sample without pile and these reductions are created as percentage
for all models in Table 5.
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Figure 30: relative displacement of structure in Bam earthquake

Table 5: Ralative displacement of structure in Bam earthquke

Sum of displacement on Percent of relative

Code 0.02 sec in Bam| . .

displacement reduction

earthquake

A0 72545 -

Al 67314 7.7%

A2 64215 12.9%

A3 62183 16.6%

Ad 64325 11.2%

Angle 60 degree to horizon in micro piles can improve relative displacement in structure
about 16.6% and other angles 45, 30 can create 5% compared to bearing micro piles of
behavior improvement and relative displacement and stress in structure are reduced.
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