Maintenance of Tunnels

July 7t 2016 Lecture at Waseda Univ.
Shinji KONISHI



1 Case studies on tunnel deformation

2 Inspection and diagnosis of
railway tunnels in Japan

3 Primary inspection

4 Secondary inspection

S Diagnosis of soundness

6 Countermeasures (Repair & Reinforcement)

7 Conclusion of My Lectures (My Advice)




1 Case studies on tunnel

deformation



Types of Tunnel & Construction Methods

What’s Tunnel?

What’s a tunnel made of ?



Types of Tunnel

Cut & Cover
Tunnel

Shield Tunnel

Mountain
Tunnel

Difference of ground
Difference of

- construction method



Total length of tunnels in Japan
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Total quantity of Tunnels in Japan

Railway tunnel About 4800 tunnels, 3,300km (at 2002)

Road tunnel About 8500 tunnels, 2,700km (at 2001)

Headrace tunnel for power generation

About 4,700km (at 1997)

Sewage tunnels of Tokyo About 15,000km

Railway shield tunnel About 250km (at 2002)
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Shimizuyato tunnel

Between Yokohama and
Higashitozuka in JR Tokaidou line 127 years old

= Tunnels are very long life structures.



Age distribution of railway tunnels in Japan
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600

900

400

300

200

100

13%0 Lining deterioration

6% Clearance deficiency
[J Concrete 8% M Lining displacement
M Bricks Blocks,etc.  12% 0 Icicle and freezing

x

Sound

61%

— Breakdown of
deformation

10 20 30 40 50 60 70 80 90 100
Age (year)

Railway tunnel age in Japan 10



1 Case studies on tunnel deformation

The State of Mountain Tunnels
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Examples of deformation

What’s happen ?
Why do those deformations happen ?

Punching failure A number of cracks Compressive failure
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Examples of deformation caused by earth pressure

3 Plastic earth pressure

~—=__\ Loosening

(

l

Q “Landslide ( w

Punching failure

A number of cracks Compressive failure
caused by
. caused by caused by
vertical pressure ) .
landslide plastic earth pressyre

due to ground loosening



Heaving

Example of deformation by earth pressure




Distribution of Neogene rocks in Japan

N
&
. “—Neogene
( BN Green Tuff Region
B Non-Green Tuff Resin

Tectonic Line



Primary deformation —
/
| “ompressi

‘Crack |
l Reduction of Cross section —
N —36mm/year
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id pumplng Heaviiig
Different in level

Damage of side drain

=>Poor drainage,
stagnant water

Compressive crack of crown

=>spolling
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Spolling, Hung down
Secondary deformation

Ground

Radial crack

Compressive
crack

Spolling, Hung down

Development view "



Tunnel lining test unit
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Accident occurred by spalling of tunnel lining concrete

Fukuoka Tunnel (Sanyo Shinkansen line), 1999

Crown
= Spalling concrete block
g Cold joint e :
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Spalling mechanism (As a result of examinations)

1) During Construction

(2) After being in operation

Cold joint

rack

(stripping of forms)

= V=
For 25 year:

Crack progress
(gradually)

Leakage
Pressure change

\*

Train vibration

Attention was not paid to
the cracks

( not enough Inspected)

(3)Spalling occured

)

Train passing




eB tunnel

Outline of spalling part

Lining thickness Crown
0.8m Shape of spalling part
Crown
Spalling

part
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Lining of B tunnel after spalling
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7

Spalling
surface

&2 Breaking surface
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External factors

eEarth pressure and
water pressure

eAdjacent
construction

e [rain vibration
eAir pressure change
etc

Internal factors

eCast in chloride t

e|mproper construction

-compaction

-placing

-early removing
of form

-Form oll
-Settlement of
side wall leg
-Settlement of
form
etc

\

Assumed main factors of the accident
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Aanges o
Generation temperature, Growth of
of crack Train-vibratior crack
etc
Growth
rojecti
Leakage

@ Self-weight . Spalling

Assumed mechanism of spalling
in B tunnel

Spalling
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Outline of spalling part

C tunnel

Higashimuroran side
Crack L_ 7 [
Construction joint

Spalling part
" Thickness 0.45m

F.L
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Lining of C tunnel after spalling
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Load point

(break)

Inside

Load point

Outside
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Radial cracks Tensional crack
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Shear crack
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Precepts of accidents

1. Crack generated at initial stage.

= ¢ Sure 1nspection.
(Observation,Hammer tapping)

¢ Initial comprehensive inspection.

2. A blind spot 1n 1inspection.
(Cold joint,Projection)

=& Reconsideration of check points.

¢ Perfection of reference book.
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Seismic hazard of Railway Tunnel
- Chuetsu earthquake(M.__S) (004)

HEE

Jyoetsu Shinkansen Uonuma T. = Restoration work for 2 months

=Countermeasure of tunnels for large earthquake is importarit.



Cracks due to conditions of environment or using
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1 Case studies on tunnel deformation

The State of Shield Tunnels
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Shield tunnel

Rate of shield tunnels suffering from deterioration

Neutralization

Settlement

Lack of
concrete cover

Lack of grout,
Poor grouting

Drying shrinkage
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No unknown

Leakage of water

unknown

43%
No
14%

Degradation of concrete Corrosion of iron joint
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Shield tunnel

Newly-made Shield tunnel

Degradation of segment and joint 39



Aperture of a joint

Chips
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Leakage of Secondary Lining
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Leakage from Joints of Segmental Lining
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Adhesion of Dust due to Leakage
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Corrosion of Rail Track due to Leakage
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Iron Bacteria
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Corrosion of bolts Explosion of a Joint Bolt
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Longitudinal Crack of a Secondary Lining
due to Settlement
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Cracks of Secondary Lining due to
Behind Restraining Stress
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Shield tunnels

* Leakage from joints
* Bolts beginning to rust

e Rebar corrosion

Deformation (Salt Damage-2)
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Exposure of Reinforcing Bar due to
Lack of Cover Concrete
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Cracks of shield tunnels
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1 Case studies on tunnel deformation

The State of Cut & Cover

Tunnels
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Flaking of cover concrete Defection of concrete section

Exposure and corrosion Crack
of reinforcing bar
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Efflorescence Free lime

Water leakage Segregation (Rock pocket etc.)
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Cracks of cut & cover tunnels
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Corrosion of reinforcing bar in the slab
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Water Leakage

Spalling

Tokyo Metro Tunnels (Deformation)

57



Tokyo Metro manages a list of 89,000 deformations

*Many deformations are minor, but in some sections (such as
those suffering from salt damage) concentrated deformation 1s
more major.

Tokyo Metro Tunnels (Deformation)
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Deterioration of Concrete Members due to Leakage
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e —— lvllele Repair Method by Using
=SB sealing Sacrificial Anode

e
A

-
—

-

Inner tunnel
surface

A S

Salt water fills an improperly sealed section or
through crack, leaks into a tunnel and
chloride 10n 1n salt water infiltrates a concrete

The sacrifcial anode is rusted in
substitution for a reber

surface

Salt Damage
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Caisson tunnels

Caisson tunnels

 Leakage of saline water
* Chloride ions infiltrating concrete

* Rebar corrosion

Picture of Salt Damage-1
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Inner tunnel
surface

(1) Water fills an improperly sealed
section or through crack, leaks
into a tunnel and infiltrates a
concrete surface

Salt Damage

(2) When cracks like those in example (1)
on the left cross the rebar, they provide
a place for highly saline water to leak
onto the rebar and corrode it from that

Localized corrosion
and fracturing at the
i t

Crack crossing
with rebar

(3) Sealant not functioning well in a
location where construction work
was difficult - groundwater
infiltrated from outside, and the
rebar suffered widespread
corrosion.

Improper
sealing
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2 Inspection and diagnosis of

railway tunnels in Japan
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Transition of Maintenance System for Railway structures

D> Old maintenance System(Before 1965)
Corrective maintenance
Counter the problem after it happen.

-

D> Current maintenance System(After 1965)

Advance (always) inspection. <4msm Extract weak or deformed points .

8

Soundness Judgment.

&2

Measures. (Monitoring or repair work)

Preventive
maintenance
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Number of disasters

Transition of the number of disasters for Railway
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Transition of an approach to maintenance for Railway structures

Before 1965 Corrective maintenance
g

Introduce preventive maintenance
After 1965 (Inspection, Soundness judgment, Measures)

1973 Enacted the standard for replacement
1975°s Maintenance -free (High performance concrete, Bare steel)

J L

About 2008 Problems of Carbonation and spolling

Consider structure to use for 100 years

1 L

Now Minimum maintenance

Efficient maintenance.

Combined preventive maintenance with corrective maintenance.
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Maintenance in the performance based design system

i PerIormache \
E \\
S
= Performance demand
= :
- . (Inspection)
;“'*:5 Operation start {bikype o, (Medqsure)
=21 - >
Plan - A | , Year
. > Execution > Viaintenance Feritormance
Design i Based evaluation
»| Plan of maintenancej.......... I ................ _
! Review of :
plan
Lsssssnnnns x -----------------
Estimate for change Measure
of performance (Repair work)

Keep performance by design, execution and maintenance o7



Examples Performances and Performance Items for Tunnels ‘

Stability of tunnel structure Collapse of tunnel

Margin between clearance gauge

and tunnel lining Clearance gauge

Safety Stability of roadbed section Upheave/settlement/displacement of roadbed

Safety against spalling Spalling off of concrete fragments, repair
materials, etc.

Safety water leakage/freezing Water leakage/freezing

Serviceability against water

leakage/freezing Water leakage/freezing

Serviceability | Dirtying of surfaces Dirt that significantly interferes inspection

Affect on surrounding

] Harmful affect on surrounding environment
environment

Restorability during a disaster,

ete Tunnel collapse

Restorability
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Inspection Categories for Structure

o Initial Inspection

General Inspection g ,
Special general

- - Inspection
Individual

Inspection

Regular general
Inspection

Extraordinary

Inspection

69



Flow chart of tunnel maintenance

‘ Extract weak or
deformed points .

Urgent repair

ﬂi Primary inspection

Good
B,C,S

Soundness Judgment A

Not good rank A

H Secondary inspection H In-depth surv%ay

unnecessary
Soundness Judgment

Repair or monitor necessary

Repail' work or e i
Monitoring

| A1,A2

Yes NO

70
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Every 2 Years
* Presence / absence of deformations
* Understanding of their progression

A
' N\
Initial \| Normal \| Normal \ _ ____ | Normal \ Special
Inspection Inspection Inspection Inspection Inspection
) .
| Within 20 Years
* Before launching operation - Increase precision of grading

e Understanding of initial conditions

Visual inspections are the main survey method for normal inspections by rule
of the Ministry of Land, Infrastructure and Transportation.

Inspections
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Classification of Primary inspection

Construction

Initial inspection

Ordinary inspection
( Every 2 years )

Primary
inspection

10 years ( Sinkansen Ti
20




Contents of Inspection

. Inspection Item of
Inspection Purpose 1P . . Soundness
interval inspection
.o . Understand the initial New . Carefully
Initial Inspection state of the structure construction, observation
Reconstruction | +a if necessary | Divide into
A-B-C-S
Extract the deterioration .
Regular of the structure 2 years Observation For spalling,
General Divide i
Inspection Carefull ivide into
. Improve the precision of arctuty arfry
Special | . 20 years observation
judgment of Soundness .
+a if necessary
Presume causes of the Carefully
Individual Insbection deterioration , estimate . observation Divide A into
P the deterioration, check of Detail subdivisions
the performance demands investigations
Divide into A-B-
Ext di Put into effect. when it Observation C-S
xtraordinar ut into effect, when i .
Inspection ’ needs , B +o if necessary | For spalling,
P ’ Divide into a.=p=y
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3 Primary inspection
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Inspection methods of railway tunnels

>0Observation Photograph

>Measurement of cracks

>Measurement of tunnel deformation
(Inner section, convergence and leveling measurement)

>Investigation of lining thickness and behind ground
(Nondestructive inspection, Destructive inspection)

>Material testing

>Underground displacement measurement

>Measurement of lining strain
>Etc.
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Hammering

(Primary inspection)

A=k VIS UVEVALY

Crack Concrete lining

Ground
C\‘A“% Q&a
£y
Crack
H,
C\‘bo% IIOW
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Regular general Inspection (Tunnel, Observation)

Lighting Box-tunnel —Observation

Basis Observation [

Observation

If necessary, observation from near and hammering.
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Regular general Inspection
(Tunnel, Hammering, Hit down)

Hammering Hammering
on side on lateral of
walls segmental
lining
Measurement

of clack width. | <For spalling, hit down at that time.
-If impossible, hit down later day.

-

78

/8



Special general Inspection

High place working vehicle Box tunnel Observation from near, Hammering

Sign by a piece of chalk Entry, Take a photo

79
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Observation Hammering

Conventional method for

primary inspection —  Deformation
development map

New technologies in practical use

€ Crack measurement system

‘ (Line-sensor camera, Laser beam, etc.)

€ Lining separation measurement system

( Infrared camera, Lader etc)




 Every 2 Years

 Visual inspection from
tracks

 Verify the progression of
deformations

e Up to 3 months required
for completion of each
line

Inspections (Normal Inspections)
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* Every 20 years
* Close visual inspections
* Hammering tests

* 1 year is required for
completion of each line

Inspections (Special Inspections)
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Infrared image
photography

Visible image photography

\_

Naturally, equipment and instruments are also used to help with inspections.

Inspections (Mechanized Inspections)



Health Grade

AA | Urgent Action

A1l | Immediate Action

A2 ﬁ;gggpiti:& Time
B | Frequent Monitorin
C | Minor Deformation
S | Healthy / Repaired

Y

[* 2]

Creating deformation report for each A or B rank
deformation. One record for each deformation.

*Tokyo Metro rank each deformation according to its progression.

Inspections (Health Grade & Report)
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therefore;
Streamlines tunnel inspections are necessary
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Tunnel Work

(1) Simplify on-site record-keeping

(2) Reduce inspection equipment and paperwork

(3) Remove the need to re-inspect because a deformation was forgotten

Office Work

(4) Reduce data entry work at the office
(5) Verifty and relay inspection data more quickly

Old System
EW Inspection
DB
i Enter
N notes Store data
inspection :
(write notes into a in the DB
on a notepad) computer

i =
On-site
inspection

(enter data
into tablets)

New System

X

Inspection
DB

Store
data in
the DB

Points on Inspection Efficiency
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e Investigation
loud * Study
Server * Long-term Action
£, 7 against deterioration
/7
Curren.t /71 Confirmation
Inspection Data / Fire Wall
Y o ;
’7 Maintenance office
/7 | I
71 ; 5
/ ~—— 77/ -
,/ Previous Plannin
Bea\con /1 data o
/¥
hEY H = Assessment
e N
Location Company Head office
Server \\' |
N :
Approva

Overview of The System
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 Beacons installed at 10-meter intervals inside

The GPS is not tunnels transmit positional information
» Tablets receive siignal from beacons and caluculate

the position.
tunnel under * Tablets inform inspectors of deformations to inspect

ground based on their location

usable in the

A beacon Device

Station Station

Station Station

Beacons are placed inside
o ---Beacon(Every 10 m)  dustproof, waterproof cases
attached to tunnel walls

Beacon (Positional Information Acquisitgigon)




Inspector
location

Location of existing
deformations

Pictures of
deformations

Deformation
locations

Deformation
types

Deformation
rankings

History,
remarks

Tablets




Tablets
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Tablets
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Tablets
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Current ahotography scre@h
..,

15

Small Window
Picture of
Deformation from o
Previous
Inspection

Tablets
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Tablets

Current Picture

Picture
from Previous Inspection
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Tablets notify inspgctors if they have moved more than 20 meters
beyond a deformation without checking it.

Tablets (Oblivion Alert)
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Crack measurement system

using line-sensor CCD camera
(JR Central, RTRI )

light

O

O

Running speed : 15km/h (single-track tunnel)
Crack accuracy : 1 mm width

Line-sensor CCD camera
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A photo of tunnel lining taken by a line-sensor camera

. I (JR Central, RTRI )
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Crack measurement system
using laser beam (JR East)

Crack accuracy : 1 mm width

Video

Laser
beams

LaSer S ner
Developing image |




Shield tunnel >

Section of Investigation Measurment area -
Station Canal et
—E—

Section of -

investigation seotion of shieldtunnel

10
RC R rbipe Pk iy
feqmert3l i feqmertl v
2 1e350m 228i050m 22eb0m
Startig point End poirt

State of movement measurementt .
The subject of

investigation is 100m
part of single-track
shield tunnel with
RC rib type
segmental lining.
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4 Secondary inspection
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Monitoring methods for deformed tunnels
(and/or for neiboughring construction)

] Conventional method

Tape scale Laser beam Erectro-optical ,
Convergence measurement Crack width measurement:

€ Optical fiber (RTRI) under research
j> @ Electric conductible paint (RTRI) under research
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Observation
,r = device

|I
Strain ”J
Position >

p 1 ‘//Optical ﬁba\

2.8m

B u/J 1 Monitoring length =10km
IS 3 AW 2 Accuracy of deformation occurring position

= +20cm
1/3 model test
moge = ‘ 2 Accuracy of strain == 50-100pm

crack width = 0.3mm




Detection of cracks on lining

with electric conductible paint RTRI

Electric Conductible

//////////////////

(Crack
:“(‘)“ &'\ ‘ 160 mm
HloadP

et al.

1 Durability test [

box

~

42 2000

'Fts of the method

X Circuit

possoseoseosse’

'UouU

o

0.1 o2 (). 3 o4
Crack width (mm)

Electric resistance(2)

4

0.5 0.

"ust in time meonitoring.
‘ 3. Cost effectivgnessst No. 6

imple and precise detection.

0.5

0.6

103

Model Test |-




S Diagnosis of soundness
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Diagnosis

* Judgement of soundness,

 Estimation of deformation course

* Planning of measurement

Increase of deformed tunnels

Decrease of skilled engineers

= Development of automatic inspection methods

-

€ Expert system for tunnel diagnosis

€ Manuals for maintenance work
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Judgment of Structure States and Standard Soundness

M For Structural performance HEt - SREREYSF HEFEEFRE
Soundness Structure State
State that threatens operational safety, safety of passengers, public safety, guarantee of
regular train operation that might cause this state
AA Deterioration that threatens operational safety, safety of passengers, public safety, or the
guarantee of regular train operation , and which require emergency countermeasures
A A1 Progressive deterioration that causes the performance of structures to drop, or heavy rain,
floods, or earthquakes that might impair the performance of structure
A2 | Deterioration that might cause a future performance drop of structures
B Deterioration that might result in a future soundness rank of A
C Slight deterioration
S Sound

M For Spalling

Note: Soundness ranks A1 and A2, and soundness B, C and S may be categorized by
individual railway operation in consideration of the actual inspection circumstances.

Soundness Structure State
o There is some possibility of spalling that threatens safety in near future.
8 There is few possibility of spalling that threatens safety for the moment. But, There is

some possibility of spalling that might result in a future soundness rank of .

1U0
There is few possibility of spalling that threatens safety .




Expert system for tunnel diagnosis

Under study on the basis of
existing system TIMES-1 (RTRI,1989)

Input

“linspection data
(primary, secondary)

*Tunnel structure
= Geography, geology
"History of

countermeasures

L GR35 P
4 paies

Diagnosis
logic
Output

AN & Soundness

] N|=H

ey
1 ~ @ Deformation
T | course: ++++
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Maintenance Standards

" Maintenance Standards for Railway
Structures and Commentary ( Tunnel )
(2007,RTRI, MLIT)

Manuals

Repair
* Manual for repair work of tunnels (2000, RTRI)
Adjacent construction

*Manual of countermeasures for construction near exiting
Earth pressure tunnels (1995,RTRI)

* Manual of Designing method of countermeasures against
deformed tunnels (1998, RTRI)
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6 Countermeasures
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Example of
deformation by
earth pressure

Void behind the lining
Ground
Ground
Example of Gt
countermeasure
for deformation Concrete lining Rock bolt

by earth pressure
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Lack of cover concrete

. . Structure defects, deterioration
Examples of falling off or spalling |y ’
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All sorts of fall-preventing methods
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Fiber sheet lining method

THRGR ¢ 1))

Structure of the fiber e
sheet lining method

An example: an application of 60

ol O 5% Glass

carbon fiber sheet lining method 50 B SsK Arafmid N
& 40 [CJxZ%F  Carbon =
+ = ||
~ 30 —

Results of the fiber sheet lining
method

o= A

O\Y&v&v&v&v&r&%r&r&r&

o Qv o R N
RO SR SR A I SR SR 11\3%



Simulation of experimentations
Punch experiment

J

Result of loading tests

. . Anzlllysisl Sheet,
p, MRS — k3 o
120 o/ e " )1 Exfoliation of FRP
. - P "' Experiment 1 after test
= Y.
= i/ 80  / e \ . -
S ] j Analysis heet - FRP)
i 2 AT(4 4 5 O -shee
a0f [ EBR( # ) P T
Experiment
| ] e -
O I 1 1 1 1 1 ﬂ
0O 1 2 3 4 5 6 7

. X i ZF {32 u(mm)
Displacement of crown part
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Transparent fiber sheet
Provided by JR East

Aramid fiber sheet
Provided by JR Hokkaido

Vinylon mesh sheet(Brick lining)
Provided by JRWb3t



Plastic material fof BHIERTPSYodtihg  Compressive damage due to

(EEZR) a void behind the tunnel

HATICKY
EE

“~ 3Blsk —7
VUEIN

B D/ 4

Schematic drawing of execution

HFEREM DA

RKER)<T—, EA L + K
RUMFAL, 248

(TO7T 520K 1 -

Flow meter
Pump

FEER T
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Plastic material for
back-fill grouting

Absorbent polymer  (Left: before absorption)

Test of material separation

resistance in the water

Before giving vibration After giving vibration
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Aqua-grout

After grouting

Grouting material Core

Lining
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Maintenance of shield tunnels.

Maintenance For shield tunnels

Remake is significantly difficult. :> Maintenance is very important.

"~

High water pressure
8 P . [ Reinforcement and repair

are very difficult
Difficulty of access

v
Desired technique

Backfill grouting under high water pressure

Prevention of leakage under high water pressure
Efficient internal reinforcement method
Estimation of degradation

119
Long-term measured data are need.



Examples The Soubu tunnel in Soub line

A use: Railway tunnel

Lining constitution: RC plane segment

Length of execution: 9,500m(Tunnel)
5,500m(Execution)

Ground condition: Alluvial sandy ground

Under ground water level :
At design - Below tunnel
After the regulation of pumping up — Above tunnel

Year of construction: 1976

Countermeasure: Secondary lining
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Deformation and leakage of the tunnel
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tIxsh  TFUh- BBk — I o
00 fikS = KIRT(150H)

o/Lo/ / | /o —3/

Il ——
) |
Q [ " 9 Py
Jo |1 FEE e
|| E W T T T
AC A7 Btk Ripex
(a) Conventional method (b) PCW method

(Ply propylene reinforced concrete wall)

Schematic drawings of the secondary lining
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Before setting PCW plates 123



Setting PCW plates 124



A finished product 125



Examples Railway tunnel in Hong Kong

A use: Railway tunnel

Lining constitution: RC box type segment
Length of execution: 40km(Execution)

Ground condition: Unknown

Under ground water level : Unknown
Year of construction: 1980

Countermeasure: Shotcrete concrete
(Thickness:75mm)
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Corrosion due to ground water with salt
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Examples Road tunnel in Egypt

A use: Road tunnel

Lining constitution: RC box type segment
Length of execution:1,640m(Execution)

Ground condition: Mudstone

Under ground water level : -50m from the surface
of the sea (the deepest part)

Year of construction: 1983

Countermeasure: Secondary lining
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Degradation of segments and joints 56



A gap at the joint
part of the segment

Corrosion of reinforcing
bars in the slab
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Water

After
Before the repair proofi
the repair ng seat
Secondary
lining

Linings before and after the repair
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Assembling reinforcing bars of the secondary lining -



7 Conclusion of My Lectures

My Advice for you!
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My advice for engineer (on a construction site)
BMTENDTEINAR

>Feel strangeness at a glance. o) >Knowledge, Experience
(look at various construction
sites.)

O NyERT, ECHBEMLNERLLH -, BB, WAWALERBZERS

>Avoid troubles.
>Preparation for taking
countermeasures to the
troubles.

>Think ahead. W >Predict possible »
troubles.

O £ZEHL-EIYSAMSINEFATEH-MSTIVEE, ES-ROMKA

>Simple is the best. ®  >Complexness causes accidents.

O YoTILN—BEHIIFSTILOLD
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My advice for engineer (on a construction site)
BMTENDTEINAR

>Time is money. ® >Decide quickly how to cope with a trouble
when it happen.

>Buy time.
>After that, modified the countermeasure with
observing the situation.

(If the possibility that a countermeasure will succeed is over 50%,
you have to go ahead.)

O KHMNBA-MLFZERCROT, FHZRS, €0, HFEREHD
LT EEBIET B,

Imagination is very important. 3 >Image what’s happen and how
does it happen in the blind spaces.

O A3oR—2avh K, D RAGNECATRINBEETLNANSA—D
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My advice for young researcher

HEOHAREANDTRINAR
> Have a sense of your time! (the future plan, a day, a
week, a month, a year, a
decade, a life)
O HR#zERFLS ! (B, B, &, 3%, 104, A&)
> Have pleasure in your research! (Device, Originality)

O HROFIZELAZRES ! (TX FUZFUT1)
> Make a core of your knowledge! (Snowman)

O HBORLLGIHMAZESLS ! (BEHF)
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My advice for young researcher
HEOHAREANDTRINAR

> Value your communication! (In the university,
Outside the university)

O 3Zaz=4H—avEXYICLES !  (FA FH)

> Put yourself in a the other person’s place!
O HFDIUAFIHEOTEZATHEKS !

> Take care of your health!

O DLEDOREIZEREDITLS!
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