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The effect of farfield and nearfield earthquakes on the seismic behavior of micropile

group in loose and dense granular soils
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ABSTRACT: Studying the performance of micropile system as an effective, practical and affordable
method for seismic retrofitting of the site and foundation and considering the different characteristics
and effects of nearfield and farfield earthquakes on structures, justifies the need to study the performance
of micropile group under nearfield and farfield earthquakes. In this research, using Opensees software,
two types of loose (Dr =40%) and dense (Dr = 80%) granular soils with elastoplastic behavior and
two reinforcement models including vertical and inclined micropiles with elastic behavior and concrete
material were affected by three sets of farfield and nearfield earthquakes due to the shear wave velocity
of'the site (Vs30). The responses of the micropile group, including horizontal displacement, acceleration
and internal forces, were studied and compared and important results were presented to use the micropile
group in order to seismic retrofitting of areas close to and far from the epicenter. The results showed that
the effect of near-fault records significantly increases the horizontal displacement, especially in the loose
granular site. The increase in lateral displacement due to near earthquakes compared to far earthquakes
is 125% and 124% for the vertical and inclined micropile group in the loose granular structure and 15%
and 13% for the vertical and inclined micropile group in the dense granular site, respectively. Also, the
inclined micropile group shows almost similar performance in controlling horizontal displacements and
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better performance in controlling internal forces than the vertical micropile group.

1- Introduction

Micropiles are piles with a diameter of less than 300
mm that are accompanied by light steel reinforcement and
grout injection. Micropiles are used for a variety of purposes,
including bearing axial and lateral loads, enhancing soil
or foundation performance, and generally as part of a soil-
micropile system, depending on the design purpose [1].

Numerous laboratory and numerical studies were
conducted on the seismic performance of vertical and
inclined micropiles. The study of Shahrour et al. (2012) and
Ghorbani et al. (2013) confirmed that inclined micropiles
have a completely positive effect on seismic performance
and a significant reduction effect on the amount of shear and
bending forces [2, 3]. In addition, using physical models, the
seismic performance of the micropile group was studied on
a laboratory scale by Jalilian et al. (2018). The study clearly
showed the positive effect of micropile group performance,
especially inclined ones [4].

The above studies indicate the efficiency of the micropile
group and also show the important differences between
farfield and nearfield earthquakes in the frequency content
and the formation of surface deformations despite the
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inherent similarities. Also, the study of Moradi Moghaddam
et al. (2021) using laboratory physical modeling showed that
the different percentages of relative densities in granular
soils could cause a significant difference in the load-bearing
capacity of micropiles [5]. Based on the facts, two types
of granular elastoplastic soils with different mechanical
characteristics, including loose granular soils (Dr = 40%)
and dense granular soils (Dr = 80%) were reinforced by
two groups of vertical and inclined concrete micropiles with
linear elastic behavior. The responses of the micropile group,
including horizontal displacement, acceleration and internal
forces, were examined and compared and important points
were presented for using the micropiles group for seismic
improvement in areas close to and far from the epicenter.

2- Materials and Methodology

A homogeneous soil mass consisting of eight-node Brick
u-p elements was considered for soil modeling. The nodes of
this element have four degrees of freedom, which includes
three degrees of freedom for transitional movement and one
degree of freedom for pore water pressure. Pressure Depend
Multi Yield (PDMY) material was used to define granular soil
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Table 1. Characteristics of granular soil [7]

Parameters Nevada Sand
Relative density (%) 40 80
Saturated mass density p (ton/m?) 1.96 2.03
Reference shear modulus Gr (MPa) 46.2 88.4
Reference bulk modulus Br (MPa) 123.3 236
Friction angle ¢° 32 36.5
Peak Shear Strain ymax 0.1 0.1
Void Ratio 0.73 0.618
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Fig. 1. Details of modeling of micropile and concrete cap

materials [6]. Two types of granular materials with different
mechanical properties were considered for soil block. Soil
characteristics are given in Table 1.

Displacement-Based Beam-Column element was selected
for micropiles and cap modeling. This element has the ability
to produce beam-column with prismatic or non-prismatic
sections by considering the effect of plasticity. The micropiles
are made of concrete and have a diameter of 0.2 meters

According to the research topic, two categories of farfield
and nearfield earthquakes are required to apply earthquakes
to the model floor (bedrock). For this purpose, farfield and
nearfield earthquakes, according to the shear wave velocity
(Vs30) based on the classification method of Verdugo et al.
(2018) [8], were selected from the proposed accelerogram
of P695-Femma instruction [9]. Thus, the farfield and
nearfield records of the Imperial Valley, Kocaeli, and Chi-
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Chi earthquakes were considered for the loose site and the
farfield and nearfield records of the Northridge, Loma Prieta
and Landers earthquakes were considered for the dense site.

3- Results and Discussion

The results show a significant effect of nearfield
earthquakes on increasing lateral displacement in both
vertical and inclined micropile groups compared to farfield
earthquakes in the loose granular sites. The increase in lateral
displacement due to nearfield earthquakes compared to
farfield earthquakes is 125% and 124% for the vertical and
inclined micropile group in the loose granular site and 15%
and 13% for the vertical and inclined micropile group in the
dense granular site, respectively.

In dense granular sites, nearfield earthquakes have
increased lateral displacement in both vertical and inclined
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(a): Loose granular site

micropile groups, which is far less than similar values for
the loose sites. The ratio of values in the two groups of
earthquakes shows that the effect of nearfield records on
increasing lateral displacement in loose granular soils is on
average about 96% and 98% more than dense granular soils
for vertical and inclined micropiles. It seems that the increase
of Riley damping which is due to the increase of shear wave
in the dense site, plays a decreasing role in the enhancing
effect of near-fault records on the lateral displacement of the
micropile group.

In general, the increase in maximum acceleration of the
vertical and inclined micropile group due to near-fault records
in both loose and dense sites is significant and the effect of
these records should be considered in the design of the soil-
micropile-cap system. The increase in acceleration due to
nearfield earthquakes compared to farfield earthquakes is
35% and 33% for the vertical and inclined micropile group
in the loose granular site and 36% and 21% for the vertical

(b): dense granular site

and inclined micropile group in the dense granular site,
respectively.

The acceleration of the vertical and inclined micropile
group in the dense sites and in nearfield earthquakes recorded
larger numbers. This seems reasonable considering the larger
input acceleration in these earthquakes and confirms the
results of previous studies in increasing system acceleration
due to increased input acceleration [4].

4- Conclusion

Since the effect of three components affecting the system,
including the type of site, the type of input record and the
micropile reinforcement model was seen simultaneously in
this study, it was possible to make comprehensive conclusions
about the seismic performance of the micropile group in a
variety of possible conditions during farfield and nearfield
earthquake.

1) The results showed that the studied parameters in
the micropile group including displacement, acceleration,
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bending and shear force are a function of one of the three
characteristics of site type, input record and reinforcement
model and other factors have less effect on responses. In a
general view, it can be said that the shear and bending forces
of micropile depend on the type of reinforcement and the type
of site and input earthquake have less effect on these responses
while the acceleration and displacement of the system are
more affected by the site type and input earthquake.

2) The effect of nearfield earthquakes on the increase of
lateral displacement and acceleration in both vertical and
inclined micropile groups is significant especially in loose
granular sites, which have weaker mechanical properties.
Therefore, the effect of near-fault records should be considered
in the design and deformation control of foundations or sites
reinforced with a group of micropiles.

3) The acceleration changes of the vertical and inclined
micropile groups are a function of the two components of the
earthquake, input acceleration and magnification coefficient
of the site. The system acceleration recorded larger numbers
in dense sites and in nearfield earthquakes and in conditions
of reinforcement with vertical micropile groups.

4) From the point of view of comparing the performance of
vertical and inclined micropile groups in two granular sites, it
can be concluded that the inclined micropile group has almost
the same performance in controlling lateral displacements
and system acceleration and better performance in controlling
internal forces than vertical micropile group. Also, the results
showed that the performance of both micropile groups is
better in reducing acceleration and lateral displacement
in dense sites. This feature was more clearly observed in
inclined micropiles.
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Fig.3. Modeling of soil and inclined micropiles — shaking table test of Manus et al. (a): Physical model in the
laboratory (b): Numerical model in the Opensees
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Fig. 4. Comparison of shaking table test results and numerical modeling for soil vertical strain in each load cycle in
the case of soil reinforcement with two inclined micropiles
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Fig. 5. Comparison of shaking table test results and numerical modeling for soil shear strain in each load cycle in
the case of soil reinforcement with two inclined micropiles
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Fig. 6. Details of finite element modeling of soil - micropile — superstructure (a): Cheng and Jeremic Numerical model
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Table 4. Characteristics of far-fault and near-fault earthquakes - Femma P695
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Table 5. Maximum horizontal displacement of vertical and inclined micropile group in loose granular soil

OO0y doniiy Imperial Valley Kocaeli Chi-Chi
(m) a3l 399 Suoy 8% S0 399 SGoy
B oy 0.239 0.719 0.424 0.457 0.362 1.133
Jilo otz 0.231 0.696 0.413 0.439 0.332 1.053
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Table 6. Maximum horizontal displacement of vertical and inclined micropile group in dense granular soil

OL0 ki’ i Northridge Loma Prieta Landers
(m) sl 9% oo 299 S0 299 oo
w8 &y 0.146 0.396 0.134 0.121 0.415 0.281
Jlo godo i 0.136 0.375 0.128 0.122 0.419 0.274

2,5 Ol 325 dlge 3 Glgiee b )15

e s Gl 2 055 sladly g LB 5 Sl ol )
29> sl @ Cund bl B gedi) 095 9> 0 (b
sldls 31 b e s Giliel ol o slahy oKL
oisl )3 hlo g w38 gadin) 09,5 sl y9> slodljlj & Cond S35
JLl J)Loe f”jb é.o.w)J) ba)fd‘fs Z\Y\c 9 Z\YO w)Jd; Cninnns d‘dul.)
eyt 4o, Bl oo ZNY 9 /N0 s 5 & oSt (sl oSt L
Qb udl dad o Hlis 1S e g o o8B Lo 93y j0 (5 JSUS) a8
O s Gl Seap ladljl 3 edig) i e 50
s g3l p> dlanMo By g 0392 e gedin) 09,5 93 2 ) (I
5 Comtygyd eyl 8 o Sl b8 o ol S 5 B oIS
Eobiny 09,5 L oA e Cannnr SolSB Lo b g S8y S
D9 a8 S 5 3 S5 sl S

2 S0 sladly 5l pey e oSyt (dlaily oSl 3g5g L (¥
OBl (e g @3B gede) 09)5 93 2 p3 (Sl (e yu Ll
5 ).:.)LO.A Cunnd L] G 03 Lo LSI)J wlie ).:.)LO.A )‘ )4.45 w‘).o &
OB s GBIl 2 S5 sdysS) il md oo (Lis ) 095 9

09,5 lp oSl (ail SB & Caws G b SB b

b plcod ojlug) = redi) — SB piasw (Swelod Jiloo (¥
a djl;oye8) Jlosl g mas gy bl i b dls o ol p 13l

Do o (sloj au )b (Sealind Jdow piin oy i) Jdo &S

aob32) 095 (I e i — - -0

@ bgedy) Jlail Jow 3 (Bl (e i ool A S
095 slp (Bl ey Ak (S w300 (LIS ) e
Owed ol YIVO G (gils S 5 Sonp sladlJ; 0 5B rosifo
Sl (Bl B 5 Ay bawgle job 4l 95 (sladl ;) ke
2 VIVY s iy S50 Koo sladljls 50 hlo zeddssy 09,5
aodjy 0955 (8ly sl e o8 sl o> sladljl ) ke (ypem
Lol (56

O o Al e o i WSye (laily olKs b (gl ols
oShie slais SB 5> S5 sy ) @B padjy) 09,5 sl )
S Ay bawgle pobo . Canl 93 (Sladllj )3 Jlade (el VO
S S > S35 bl 53 e gmiy 095 sl Bl
ol 93 sladl 5 55 Jlude pued pl VY 15120

Y )3 a5 1) padjay 09)5 (Bl alomle yolie (o) S Cn et

yFay



VY B AFAY doxio VF) Jlo oF o)l OF 095 ¢pusS ol () po i 4yl

0.8

Imperial Valley-1979

LS ONA TN

Inclined Micropiles-Farfield

0.4} | l|

Horizontal Displacement(m)

Northridge-1994

Inclined Micropiles-Farfield

I Inclined Micropiles-N earfield Inclined Micropiles-N earfield
L Vertical Micropiles-Farfield 04 Vertical Micropiles-Farficld
Vertical Micropiles-Nearfield : Vertical Micropiles-N earfield
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Times{s) Times{s)
Keocaeli-1999 Loma Prieta-1989
0.5 01

Horizontal Displacement{m)

\ / \ a
1\ e wf\\\f/f\f A
) = 7 e
WY s -
Inclined Micropiles-Farfield Inclined Micropiles-Farfield
0.5 Inelined Micropiles-N earfield 10 Inclined Micropiles-N earfield
rrrrr Vertical Micropiles-Farfield 194 s Vertical Micropiles-Farfield
Vertical Micropiles-Nearfield Y Vertical Micropiles-N earfield
o 3 10 15 20 25 30 0 5 10 15 20 25 30 35 40
Times(s) Times{s)
i ,\ ChiChi-1999 Landers-1992
.:Iii. oal N

‘IJ.

OMWN’ Ir\f\f *f\pm M‘{M O D ]
¥} \ |J

Horizontal Displacement(m)

Inclined Micropiles-Farfield

05 " . P
| W Inclined Micropiles-Nearfield
r Wertical Micropiles-Farfield
[ Vertical Micropiles-Nearfield
-1

303540455055606‘"0‘“803590

Timesis)

(AN

'(“‘:-_ fﬁ\"'\r\.‘ ]

~ph \
y,
VY fnclined Micropiles-Farfield
04 Inclined Micropiles-Nearfield
Vertical Micropiles-Farfield
Vertical Micropiles-N earfield
0 5 10 15 20 23 30 35 40
Timesi{s}

(<)

w510 (614013 BKALw-0  Cunnw (514313 KA - Jslo g 0318 Rowi 35 89,5 (81 (Ko et doeey , U A S

Fig. 8. History of horizontal displacement of the vertical and inclined micropile group (a): Loose granular site
(b): Dense granular site
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Table 7. Maximum acceleration of vertical and inclined micropile group in loose granular soil

(€)ool i Imperial Valley Kocaeli Chi-Chi
' T )90 Soo 399 SS90 )90 Soo
w8 @1 0.296 0.589 0.571 0.496 0.501 0.756
Jilo goity ) 0.254 0.541 0.503 0.395 0.510 0.732
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Table 8. Maximum acceleration of vertical and inclined micropile group in dense granular soil

) Northridge Loma Prieta Landers
(g)b.’L"‘“J M"”' 99 ‘_i’é}; 399 ‘_g,o)j 99 «-i’é}i
B ol 1.487 1.855 0.791 1.377 0.416 0.439
Sl goozsy 1.425 1.478 0.737 1.180 0.392 0.431
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Fig. 9. Acceleration history of vertical and inclined micropile group (a): Loose granular site

(b): dense

granular site
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Table 9. Maximum shear force of vertical and inclined micropile group in loose granular soil

g (59 Aol Imperial Valley Kocaeli Chi-Chi
(KN) 289 Suoy 598 ooy 239 SSo
w0 goliy ) 556.06 565.58 648.88 668.58 676.33 857.37
Jilo podo i 468.56 470.46 477.95 496.14 467.15 470.58
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Table 10. Maximum shear force of vertical and inclined micropile group in dende granular soil

3 (59 g At Northridge Loma Prieta Landers
(KN) 299 S 298 Kooy 299 EXT3Y
B oy 497.88 675.78 471.09 515.93 463.24 456.99
Jilbo otz 464.11 495.96 305.98 316.72 344.19 331.33
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Fig.10. Shear force curves along vertical and inclined micropiles (a): Loose granular site
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(b): dense granular site
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Table 11. Maximum bending force of vertical and inclined micropile group in loose granular soil

(0D (59 3 Aot Imperial Valley Kocaeli Chi-Chi
(KN-m) 9° S0 290 S0 29° S
B god 356.14 362.21 415.25 427.77 432.71 562.49
Jilo oty 262.16 273.07 360.71 359.93 270.29 276.82
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Table 12. Maximum bending force of vertical and inclined micropile group in dense granular soil

(o (69 g Aoy Northridge Loma Prieta Landers
(KN-m) 299 K283 299 e85 99 K983
w0 &odi s 387.04 501.48 320.95 348.16 350.08 330.59
Flo zoud 3y 366.73 417.24 239.75 285.49 253.56 233.19
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Fig.11. bending force curves along vertical and inclined micropiles (a): Loose granular site (b): dense granular site
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