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Abstract

In the current work, a series of three-dimensional finite element analyses have been
carried out to understand the behaviour of piles when the adjacent tunnelling passes
underneath grouped piles with a reinforced pile cap. In the current study, the numerical
analysis studied the computed results regarding the ground reinforcement condition
between the tunnel and pile foundation. In addition, several key issues, such as the pile
settlements, the axial pile forces, the shear stresses and the relative displacements have
been thoroughly analysed, and the IoT platform based preliminary design guidelines
were also presented. The pile head settlements of the nearest pile from the tunnel with-
out the ground reinforcement increased by about 70% compared to the farthest pile
from the tunnel with the maximum level of reinforcement. The quality management
factor data of the piles were provided as API (Application Programming Interface) of
various forms by the collection and refinement. Hence it has been shown that it would
be important to provide the appropriate API by defining the each of data flow process
when the data were created. The behaviour of the grouped piles with the pile cap,
depending on the amount of ground reinforcement, has been extensively analysed, and
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the IoT platform regarding the quality management of piles has been suggested.

Keywords: Three-dimensional (3D) numerical analysis, Pile behaviour, Group piles, Ground reinforcement, loT
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Fig. 1. Relative tunnel-pile configurations observed in practice (Pang, 2006)
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Fig. 2. A representative 3D finite element mesh used in the current study (a 4 x 3 pile group, D: tunnel diameter)
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Fig. 4. Longitudinal section of analysis geometry

Table 1. Summary of numerical analyses

Anayss sres | | entocement Remarks
PL - - Pile load test
G - - Greenfield
PG - - Pile group without ground reinforcement
PG (1-180) I m 180° Pile group with ground reinforcement
PG (2-180) 2m 180° Pile group with ground reinforcement
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Fig. 5. Location of piles inside a 4 x 3 pile group

Table 2. Summary of the location and condition of the pile

Pile name Thickpess of ground Angle of ground Pile locatign number Remarks
reinforcement reinforcement of Fig. 4

DLP-1 - - 1 Design load condition
DLP-2 - - 2 Design load condition
DLP-3 - - 3 Design load condition
NRP-1 - - 1 ol "
T - - s | lemmmr
NRP-3 - - 3
IRP-1 I m 180° 1
IRP-2 Im 180° 2
IRP-3 I m 180° 3 Pile group with
2RP-1 2m 180° 1 ground reinforcement
2RP-2 2m 180° 2
2RP-3 2m 180° 3
2 22 MU 0l S|

B o] =2kS RALSE] flote] B-AAdsliAlo] A Glom E5] ZHETHE Ato] o] ZAH A /gy
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Table 3. Material parameters assumed in the numerical modelling

; Ve , E' ¢ o’
K 2
Material Model (/) 0 v (MPa) (kPa) ©)
Soil (Lee, 2012a) Mohr-Coulomb 20 0.75 0.35 80 50 35
Grouted material Mohr-Coulomb 25 0.01 0.2 800 250 35
.. 5,000 (s)
Linin, 25 0.01 0.2 - -
£ Elastic 15,000 (h)
Pile/Pile cap 25 0.01 0.2 30,000 - -

Note: v, (unit weight of material), K&; (lateral earth pressure coefficient at rest), v (poisson’s ratio), E' (Young’s modulus), ¢' (cohesion),
@’ (internal friction angle), s (soft shotcrete), h (hard shotcrete)
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Fig. 6. Location of piles inside a 4 x 3 pile group
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Fig. 7. Relation of axial pile forces and pile head settlements
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Fig. 8. Distributions of normalised pile head and soil surface settlements with tunnel advancement (8gr max = 8.93 mm)
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Fig. 9. Distributions of normalized axial pile forces with depth
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Fig. 10. Distributions of normalized axial pile forces with depth
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Fig. 11. Distributions of normalised tunnelling-induced axial pile forces with depth
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Table 4. Computed maximum axial pile forces

Analysis series Pret(max/Pa Pretchmax/Pa
NRP-1 -0.19 -
IRP-1 -0.15 -
2RP-1 -0.15 -
NRP-2 -0.03 -
1RP-2 -0.02 -
2RP-2 - 0.06
NRP-3 - 0.04
IRP-3 - 0.03
2RP-3 - 0.03

Note: Prei-yma/Pa (maximum tensile pile force), Phei+ymax/Pa (maximum compressive pile force)
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Fig. 12. Distributions of interface shear stresses with depth
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Fig. 13. Distributions of interface shear stresses with depth
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Journal of Korean Tunnelling and Underground Space Association 145



Young-Jin Jeon - Gyu-Seol Lee - Jae-Cheol Lee - Chinzorig Batbuyan - Cheol-Ju Lee

3.6 Z=522| loT SHZ ofiH| 24| 7jo|=2fel

A At i 8=2 HE %Z*Ei sl Fda] o= EAYsh= 2 Zistel| ofet EEe] FokH Rl As=
AJofA o = FARE T H]

AVZS AN et 2 Ao Bl
ek 7 Wt o, leuﬁ AL 22 2 Aefsel A

3.6.1 TARA Qeldol 75 4 71 Ffo]=ziel

Table 5+= 2| U Yl =(framework) TE{F|o] 7 o]l dieh Tt 7] HE Hojal ok, E25-2 1
Lo Tt Tl AR, Elole @A 9 SR A RS O a s
QIE|sjo] A 7ol =atelo] o] Hagt AAolr). whhA, TEE] ToT S3EA A= e HlolH 3
A 2of] et QI o] A BF FFShe A2 52 Av| A B 7lo| Eafelo] HufE 2z QlEfs|o] A 7o)
L oAF-E Ak 71 7ol =2tele 85kl Sl ofE flsh e Als @l A defstal A= HE

Of A, AREEAL, E552] 35t odE 5ol et 7ol =aiele AN Bart 3ls 2o = ey

o
=2
[E
&
o
o,
I
lo

Table 5. A standard of judgment for selected development of framework interface

Classification Content
* When the multiple users utilise the information resources of specific data and process on the [oT
platform in common.

US‘“g the * If the specific information resources required for each systems are developed individually, the
multiple systems -
e efficiency maybe reduced.
(institutions) * The interface development is carried out by dividing into the data and sharing process according
to the type of information resource.
Using the * When a large number of users need to access in the real-time connection by requesting and

real-time receiving the information on the 10T platform for pile management.

connection * Avoid the link of batch data.
. * When the various UX are used in channel, such as the web, mobile apps and kiosk, the data are
Using the L
multi-channel shared through the standard link interface.
service * In the case of standard link interface such as the SOAP and REST, the supports of multi-channel
service are possible with an interface without the duplication in various channels.
Usine the * When the interfaces using a loT platform are performed in various middleware platforms, such as
gt J2EE, NET and PHP.
multi-middleware . . . .
platform * Ifthe interfaces in the heterogeneous environments are developed by operating independently the

language and technical standards in the individual middleware.

Note: UX (user experience), J2EE (java 2 enterprise edition), NET (NET framework), PHP (hypertext preprocessor)
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