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Construction and Study of Numerical Teaching Platform for Underground Building
Structure

LIU Jun—xiu, MA Wei, XIAQ Bo—wen

{School of Civil Engineering of Anhui Jianzhu University, Hefer Anhui §

Abstract; A numerical teaching platform was proposed as an auxiliary teaching method to overcome the limitations of the
conventional teaching process of the underground building structure. Taking the building foundation excavation as an example,
the finite clement software PLAXIS was used to cstablish a numerical model including the structure of the diaphragm wall,
anchor and strut. It could clearly exhibit the deformation of the soil and the stress of the retaining structure. The influence of
the factors on the deformation of the excavation and the stress of the structural could be analysed by changing the model soil
parameters, the length and pre-tension of the anchor, the strut spacing, the excavation process and the depth of dewatering.
The education reform was of great significance to improve the disadvantages of simple theoretical teaching and to enhance the
interests of the undergraduates.

Fey words: Education reform; Underground building structure; Excavation; Numerical teaching platform; Finite ¢lement
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Study on the Teaching Reform of Engineering Geology for Civil Engineering

Shao Yan
{ Anhui Institute: of Architeeture and Todustry , Hefei 230022 , China )
Abstract:This thesis discusses the teaching reform of engineering geology for the new— established eivil engineening how to encirele Less class hour and not
ta lower training targel in the emphasis of charwter education now. Combining wilh teaching experiences for many years, we hravely try in reform teaching
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Establishment and improvement of practical teaching system for urban
underground space engineering in Anhui University of Architecture

Wu de-yi

{ Anhui Jianzhu University, Hefei, Anhui, China }

Ahstract: Urban underground space engineering is a new application with strong application, and it is especially important
to establish a perfect practical teaching system, According to the professional training target of our school (ie Anhui University
of Architecture), combined with the needs of professional talents in Anhui Provinee, we started from the practical teaching links
of experimental teaching, internship, design and college students practice, and established a perfect urban underground with
local characteristics. The practical teaching system of space engincering has met the reguirements for training professionals,

Keywords: urban underground space engineering; training objectives; professional talent demand; practical teaching system.
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Abstract—Taking the Crossing Underneath construction and the
subway engineering as the background, considering the Crossing
Underneath construction and the subway station structure
located in the upper and lower two layers structure will influence
each other, which has caused great difficulties of the excavation
of deep foundation pit, using the three-di ional finite el
software to model and established the Mingguang road station
numerical analysis, That obtained the structure and deformation
of soil data which is consistent with the actual measured structure,
as well as conform to the support force of support force and the
bending moment value of wall. Using Madis GTS to solve
problems of foundation pit finite el t analysis established
model to comprehensive analyze the mutual influences between
construction excavated process in the crossing underneath
construction and the subway station.

Keywords-subway  station;  construction phase;  supporting
structure; numerical model

L INTRODUCTION
In recent 10 years, with the increase of traffic volume in
China, the construction of tracks, viaducts, undemneath
overpasses is gelting more and more. It leads to the Integration
construction of different kind’s traffic channels. This new kind
of construction will be groped slowly, and deep foundation
treatment is an important part of it.

[l PROJECT OVERVIEW

This project is the retaining structure of Ilefei metro Line |
in Mingguang station, which is continuous wall and internal
support system, partly is the artificial dig-hole pile. The project
is start from Ké61179.787 to K61448.697. This station is
located in the intersection of Shengli road and Mingguang road.
The foor structure of Mingguang station is about 21 (o
23.7m.Along Shengli road from south to north. The Shengli
road’s main road is two-way 6 lanes and the side road is a
motor vehicle lane A crossing underneath will be built at the
intersection of Shengli road and Mingguang road along Shengli
road. Mingguang road station is set up together with the
crossing underneath. The southeast of the station is phase Il of
the Golden Phoenix Tree Residence which is being constructed,
phase | of the Golden Phoenix Tree is a 30-storey Commercial
residential, Hefei Hotel, (the clear distance of station
foundation pit is about 15 m). Northeast corner is lower layers,
multilayer shops and residences. Low layers, multi layer at the
northwest have already been found out. North part of the

© 2015 The authors - Published by Atlantis Press
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station is abandoned Huainan railway. Many pipelines are
buried under Mingguang read station. [1]

1. FINITE ELEMENT NUMLERICAL SIMULATION
In this paper, the Helei metro line 1 in Mingguang road
station deep foundation is simulated by the FEM software|2|
Midas G Compare the simulation date with the finally
actual monilering data 1o confirm the reasonable and stable ol
the structure.

A. Model Overview

The deepest point of the station floor is about 19m, located
al strong rock layer, choose Tm thick underground continuous
wall as the principal part maintenance structure of the station,
which is 30m deep. 6 braces are set during construction (The
first line is Tm*1m, The The fifth linc are®609 stecl
braces).Since the underground water in excavation of
foundation pit area is quite deep, the influence of underground
water to model is neglected [3].

B. Hvdrogeological Conditions in the Field Engineering

TABLE 1. MINGGUANG ROAD STATTON SOIT. MAIN PHYSICAL AND

MECHANICAL PROPERTIES
maisiure | specific weight void rafio
Layer number -
%) HWhN/nr') e
embankment )1 17.5
clayl2; 237 20 0.692
silly clay@ 1 215 20 0.642
52 26.2 20.3 0.598
fine sand2.; 20.5 0.55
fine sand1 21 05
Weathered ”.'—Eddy 2
sandstone5i2

C. Foundarion Pir Monitoring Content and Analysis

Aiming at MingGuang road station engineering, Detection
mainly include: horizomal displacement monitoring, inclination
monitoring, settlement monitoring, supporting axial force
monitoring,  water lever monitoring, cracks monitoring.
structures till monitoring.pipe deformation monitoring.
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Abstract—The top-down construction method has complex
construction organization and many courses. Whether on
theory or practice, quite a lot of problems need to be solved.
In this paper, researchers used the finite element program
Midas GTS to simulate THE foundation pit excavation of
subway station in Hefei which used top-down construction
method. The purpose is to research the regulation of the
ground scttiement and deformation of retaining structure.
According to the theoretical data, researchers can know
what time and where the maximum of the horizontal
deformation of retaining structure and ground settlement
may appear. Researchers may predict the risk and take
measures to prevent accidents. All of it will provide the
theoretical data to serve engineering practice.

Keywords-Top-down  Construction  Method;  Midas;
Ground Settlement; Retoining Structure; Deformation

[ INTRODUCTTON

Top-down construction method was first mentioned by
Japan in 193510, In the 1950s, it was for the first time to
vse in building the subway station in Italy. Now it has
become home and abroad in the city center with heavy
traffic around subway station, a wvalid suggestion
Methods™. Tn Tapan, top-down construction method has
formed the complete supporting system of stecl and flat,
which can be used repealedlym. With the development of
science and computer technology, outside menitoring and
numerical analysis has become the main method to study
the top-down construction method™, According to
numerical analysis, researchers can predict the ground
seftlement and deformation of retaining structure in order
to prevent accidents. At the same time, according to the
data of outside monitoring, researchers can put forward
practical advices to guide the construction process[s]. n
China, the key technology and points of the top-down
construction methed is still not mature. Many problems
such as how to design the joint of the structure and control
the uneven seftlement need to be solved®. Therefore,me
scholars simulate the structure of station by Wave equation
to analyze the deformation””. Therelore.me analyze the
slability ol retaining structure during the process ol
construction and optimize the main structure®l It is
reported that the top-down construction method is first
used in the construction ofthe subway station in Hefel.

Naiyang Guo
School of Civil Engincering, AnhuiJianzhu University
Hefei, China
guonaiyang(@126.com

1. THE PROCESS OF FINITE ELEMENT
SIMULATION

A.  The related parameters

The related parameters are shown in table 1 and table 2.
B, Numerical model estublishment

The foundation pit of subway station & 6dm length,
23.3m width, 24m depth. According to the impact duting
the process of excavation, researchers finally establish the
numerical model which is 64m length, 100m width, 60m
depth. In the numerical model, the size of the grid is 1.5m.
Each unit is regular hexahedron. The subway station’s
main structure is frame structure of three floors
underground. Researchers define the beam and column as
1D unit. Researchers deline diaphragm wall and lloor as
2D unil. Researchers deline soil as 3D unit. The sice ofthe
conponent is design value!"™. The detailed structure model
is presented in Fig. 1.

ol

&

Tigure 1. The main structure model.

C. The numerical simulation process

{1)Researchers activate all soil unit and exert gravity
load. At the same time the authers apply fixed constraint to
the model. Then researchers get an initial stress field.

(2)Researchers activate retaining structure and column .
Rescarchers remove the displacement of the soil at the
same time. All the component's constrain is fixed except
the column. Thecolumn's constrain is Rzl '],

(3} Excavating to the first floor underground and
activating the [irst [loors componenl.  Meanwhile
researchers should exert construction loads.

{4)Researchers backfill the hollow and restore the
traffic.
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In the actual engineering of steel structures, the nodes are divided into two categories:
rigid and semi-rigid. But semi-rigid joints, which transfer part of the bending moment,
are used most in practical engineering applications. Its performance in transmission of
bending moments is between that of the hinged joint and rigid nodes. However. in the
actual structural modeling and calculation, it is not considered as a semi-rigid joint
problem, but as a rigid or articulated problem because of the lack of theory and methods.
This causes a divergence between the theoretical calculations and the actual process. In
this paper, the finite clement software SAP2000 is used for the elastic time-history
analysis of the scismic response of steel frames, and to set up rigid and semi-rigid stecl
frame node models. The study focuses on the action of rigid and semi-rigid connection
multi and tall steel frame structures when subjected to frequent carthquakes, in terms of
their natural vibration period and lateral displacement. Based on the results obtained, the
lateral displacement of the steel frame with rigid connections can meet the specification’s
requirements.

Keywords: Light steel framework: Time-history analysis; Lateral displacement; Based on
reaction; Seismic performance.

1. Introduction

by LA TROBE UNIVERSITY on 05/31/17. For personal use only.

Depending on the diffident nodes, the frame structure is divided into three basic
types such as rigid frame, bracing system frame and semi-rigid frame. For rigid
frame, it is connected by rigid nodes which have greater rigidity, even if there is
no other lateral force resisting system, the frame can provide all the carrving
capacity and space stiffness. For semi-rigid frame| 1], it is located between fully
rigid and ideal articulated, and is composed of semi-rigid connection. Its lateral
stiffness is smaller than rigid frame and bracing system framework. For lower
floors, it cannot be set up to support.

According to the results of the current research [2~5], compared with rigid
frame structure, the seismic performance of semi-rigid connection steel frame [6]
has the advantages of rigid and articulated structure. Its superiority lies in the
following:

Mechanics and Mechanical Enginecring Downloaded from www. worldscientific.com
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Dry-type joints are an advanced type of sustainable beam-column connection mode used in the prefabricated concrete frame
structural system. This paper proposed an improvement scheme for high-strength bolt dry-type joints and designed a new type of
comumon bolt dry-type joints. A pseudo test involving low-cycle repeated loading is conducted to assess the seismic resistance
propertics of new joinls including damage mode, hysteretic curve, skelelon curve, and duclility factor. Numerical simulation is
applicd to validate the rationalily of experimental results. IUis found that when the bending capacily of the end block of the beam is
consistent with that of the boll, the deformation of the bolt will no longer increase greatly after a period of large deformation; at
this period, the bolt does not fully enter the plastic stage, but at this time, the end block of the beam begins to appear large cracks
and enter the plastic deformation and has good energy dissipation performance.

1. Introduction

Prefabrication is considered as the best way to realize
building industrialization and sustainable construction be-
cause of its socio-economic and environmental advantages
such as higher construction efficiency, better controlled
quality, and less waste and pollution compared with the
traditional cast-in-place method [1, 2]. Joints, as the most
vulnerable part of the whole prefabricated structural system,
usually determine the capacity of whole structure [3, 4]. The
failure of joints semetimes results in the failure of the whole
building. Therefore, the design of joints is the key link in
prefabricated structure design. The construction of cast-in-
place joints requires a lot of wet work on-site, which will
produce more waste and pollution.

Currently, the most common types of beam-column
joints for prefabricated concrete frame structures are cast-
in-place joints and welded joints. The construction of cast-
in-place joinls requires a lot of wel work en-sile, which will
generate much waste and pollution. Because of the need for
high temperature, welded joints need to consume a large

amount of energy and emit carbon dioxide. Both of them are
not sustainable enough [5-11]. Dry-type joints are the Jatest
development. All structural components faslenings arc all
prefabricated in factories, and connection between beam and
column members is realized by bolt on-site. These advanced
joints can not only reduce negative environmental impacts
caused by construction activities but also have good me-
chanical properlies and structural performance [12, 13].
Qur project group has designed a new dry-type joint
using high-strength bolts 1o achieve good antiscismic be-
havior [14, 15]. Experimental results show that this new dry-
type joint can have good ductility and energy dissipation
capacity. However, the design still has many disadvantages.
First and foremost, the displacement of high-strength bolts
is very small in the process of experiment. This means they
cannot dissipate energy efliciently. In addition, the size of
reserved holes is not big enough, which caused that reserved
holes are likely to be blocked when grouting in the gap.
Based on identified disadvantages of previous design,
this paper aims to (1} improve the design of dry-type joint;
(2) test the seismic resistance properties of improved joint
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Developing new sell-oscillating systems would greatly expand their applications in intelligent machines,
advanced robotics, and biomedical devices, due to their advantages of directly harvesting ambient en-
ergy and self-control, In this paper, we crearively proposed a light-fueled self-oscillating liquid crystal
elastomer (LCE) balloon with sell-shading coating, which is capable of self-oscillating under steady am-
bient illumination, Based on the well-established dynamic LCE model and the ideal gas model, the gov-
erning equation of the [ree-standing LCE balloon is formulated, and dynamics ol Lhe sell-oscillation is
studied theoretically. Numerical calculations show that the balloon always evolves into two kinds of mo-
tion modes: static mode and oscillation mode. The mechanism of the self-oscillation is elucidated by the
self-shading effect of the opagque power coating, and the conditions for triggering the self-oscillation are
further obtained numerically. In addition, the effects of system parameters on amplitude, frequency and
equilibrium position are also investigated. Amplitude and frequency are mainly affected by light intensity,
damping coefficient, mass density and contraction coefficient, while are independent on initial velocity.
It is anticipated that the self-oscillating balloon constructed in this paper would be of benefit in au-
tonomous, self-sustained machines and devices with the core feature of photo-mechanical transduction.

@ 2021 Flsevier Ltd. All rights reserved.

1. Introduction

Self-excited oscillation is a self-sustained motion of a system
under external steady stimulations [1-6], which is helpful in un-
derstanding non-cquilibrium thermodynamic processes [7,8], and
has potential applications in diverse fields [9,10], such as active
machines [11-15], mobile robots [15,16], energy harvesters [17-19],
mills [20], and motors [21]. Self-sustained oscillation has numer-
ous unique advantages. First of all. self-sustained oscillation can
directly harvest energy from the envircnment to maintain the mo-
tion of active machines [22-26]. Secondly, the frequency and am-
plitude of the periodic self-sustained oscillation only depend on
the inherent parameters of the system, which can lead to self-
control without additional complex controller. In addition, the self-
sustained oscillation has robustness, which can ensure the stability
and normal operation of various systems based on self-sustained
oscillation [27,28],

The self-oscillating system is usually accompanied by damping
dissipation, and its motion is a non-equilibrium dissipation pro-
cess. In order to realize and maintain the self-sustained oscilla-

¢ Corresponding author.
E-mail address: kli@ahjzucducn (K. Li),

hrrps:/{doi.org 10.10: 205.2021.111646
08960-0779)@ 2021 Elsevier Lid rights reserved.

tion, various mechanisms of the feedback for inputting net en-
ergy to compensate damping dissipation are proposed [8,29,30].
Self-shading mechanism can transform light energy into mechan-
ical energy, and realize self-sustained swing [31], expansion [32],
torsion [33], vibration [34], rolling [35] and buckling [3G] based on
optically-responsive structures. The coupling mechanism of chemi-
cal diffusion, chemical reaction and large deformation can achieve
autonomous expansion and contraction of ionic gels [30,37.38].
The coupling mechanism of droplet evaporation, motion and mem-
brane buckling leads to self-sustained oscillations of droplets
[8.37]. In the various self-oscillating systems mentioned above, the
time-cependent response to excitations is often required to en-
able the system move back to the equilibrium position and oscil-
late continuously [11,28,29]. However, for the self-oscillating sys-
tem without equilibrium position, it is always unbalanced which
can spontaneously maintain its self-sustained motion, and thus the
time-dependent response is not necessary [20,22],

Among all the excitations, light is a kind of stimulus with
unique advantages, such as remote and precise control, no noise
and clean. Furthermore, these advantages of light make it more
convenient to induce tailored feedback to realize self-excited os-
cillation by various means, such as mirror reflection, self-shading
coating, etc. LCE is one of crucial optically-responsive materi-
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