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(3) HAMHFEE I/ E] Y. Tsubotaa £ A 23 " Dynamic Mechanical Properties of Rock Joints
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(4) EHE St AR TR 22 A Chenghu Wang 25 A #5835 T Stress build-up in the shallow crust

before Earthquakes based on the in-situ stress measurements |
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Wang, et al., 2014)
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Fig. 3 Comparison of in-situ stresses of two measurement sites before and after the Earthquake

(ktimax=SHmax/Sv: Knmin=Shmin/Sv: R=(02-61)/ (63-61)) (Guo, et al., 2009)
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08:30-17:00 | Registration
12 (Sun) 09:00-17:00 | Workshop
09:00-19:00 | ISRM Board Meeting (Pearl AB, Level 20)
08:30-19:00 | Registration
09:00-17:00 | Workshops and Short Course
13 (Mon) 09:00-12:30 | ISRM CO_mm'lssinn_Meelinlgs :
11:00-12:30 | ISRM Asian Council Meeting (Yayoi, Level 4)
14:00-19:00 | ISRM Council M (Royton Hall D, Level 3)
18:30-20:30 | Welcome Reception (Café Trianon)
Room A | Room B | Room D ] Room E I Room F | Room C
Royton Hall CD Empress Hall Highness Hall Crystal Room A Crystal Room B Regent Hall

08:00-18:00
08:30-10:10
10:10-10:30

10:30-11:50

Registration

Opening Ceremony & ISRM Rocha Medal Award Ceremony and Lecture (Room A)

Coffee Break

Keynote Lecture A (Room A)

11:50-13:00 | Lunch {Lounge,
14 (Tue) iLounge)

. . Rock Properties: Tunnels and Earthquakes and Rock | . . N Organized session )
13:00-15:00 Laboratory Tests| | Underground Spaces | Dynamics | Mining Engineering | UNPP/URL Poster session
15:00-16:00 | Coffee Break; Core time of Poster Session (Room C) 15:00-16:00 Core time

ok Prosert Carbon Dicld of Poster Session with
roperties: on Dioxide . Coff a1
16:00-18:00 | Flow, Transport, Capture Slope Stabilty | | Mining Engineering 1 | O"82n2ed session ol
i DDA/MM
Geochemistry and Storage
18:00-19:00 | Exhibition Kickoff Party
18:10- Students' Night

" i Rock Properties: Tunnels and Earthquakes and Rock . Petroleum Engineering
Shmwn Laboratory Tests Il | Underground Spaces Il Dynamics Il SopaSERRy s ! Lostensession
10:00-10:15 | Coffee Break
(VSERFHEN  ISRM Fraklin lecture and Keynote Lecture B (Room A)
12:15-13:30 | Lunch (Lounge) Poster session

15 (Wed) e

) i fiock Propem_e > Field Measurements . A Radioactive Wastes, | Organized session
13:30-15:30 Non-destructive Mining Engineering Ill e

and Tests | Coupled Processes | | Rock Engineering Risk

Methods

15:30-16:00 | Coffee Break
16:00-17:30 Rock Properties: Tunnels and Earthquakes and Rock | Radioactive Wastes, |Petroleum Engineering

' : Laboratory Tests Il |Underground Spaces Il Dynamics 1l Coupled Processes Il I
18:30-21:00 | Banguet lounge) “Welcome cocktail will be served from 18:00.

: . Rock Properties: Tunnels and Earthquakes and Rock Ty Site Characterization
DE:30=10:00 Modeling Underground Spaces IV Dynamics IV Hesevoil ngineenng and Design |
10:00-10:15 |  Coffee Break
(VAERFREN  Keynote Lecture C (Room A)
12:15-13:30 |  Lunch {Lounge)
13:30-15:00 [f ok PRIpERies; Tunnels and Field Measurements | Risk Management and Site Characterization

16 (Thu) ’ ) Numerical Simulations | Underground Spaces V and Tests Il Disaster Mitigation and Design Il
15:00-15:30 | Coffee Break
Environmental Aspects
16:30:17:00 Rock Properties: Tunnels and Rock Mechanics of Mining and
AR Specific Themes  |Underground Spaces VI at Great Depth Construction
Engineering
17:10- Closing Ceremony (Room A)
17 (Fri)  07:00- Technical Tour
18 (Fri) -18:45|  Technical Tour
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Effect on Dynamic Responses of Material
Deterioration in a Scale-down Reinforced Concrete
Specimen

Presenter: Dr. Wei-Ting Lin
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Testing Programs
— Part 1: RCCV specimen

— Part 2: RC frame specimen

Results and Discussion

— Part 1: RCCV specimen

— Part 2: RC frame specimen
Conclusions
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Introduction

« Cement-based composite is intrinsically porous and may
deteriorate or depredate as a result of harsh environmental
exposure or poor construction quality.

» The static and dynamic structural capacities of RC members
were decreased due to the rebar corrosion or degradation of
concrete.

Institute of Nuclear Energy Research e mgﬁ

Objectives

* Many previous researchers have studied on the
elevation of either seismic capacity or structural safety
in concrete containment structure individually;
however, few studies have evaluated the effect of
material degradation in nuclear related structures.

* To clarify the variation of natural frequency and
dynamic responses in a deteriorated scale-down
Reinforced Concrete specimen with rebar corrosion.

« Corrosion test, concrete resistivity test, displacement |,
acceleration and frequency measurement were used
and compared in this study.

Institute of Nuclear Energy Research émgﬁ 3
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22, Testing Programs-Part 1

* 6 Tons RCCV scale-down specimen: The dimension of the basemat was
176 cm length and 25 cm depth, the cylindrical vessel had an outer
diameter of 100 cm, a thickness of 10 cm and a height of 240 cm.

100

80

10

24
240
)

I\ Cylindrical

Vesgsel

4 : T
= z ) . L %
a RC basemat B mﬁ

Institute of

Testing Programs-Part 1
+ Testing item and sample
Testing method Sample Method
Accelerated corrosion test Self-developed Method
Resistivity Four-probe device
Natural frequency test impact hammer

Scale-down RCCV specimen

Open circuit potential (OCP) ASTM C876

Corrosionrate DC Method

Institute of Nuclear Energy Research
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Testing Programs-Part 1

Natural frequency of RCCV specimen before and after accelerated

corrosion test was measured using a Piezotronics Model 086D20
mmpact hammer

m——

150 cm elevation [ Y g

120 cm elevation [ p
90 cm elevation L/

60 cm elevaﬂnn@ I_ = : A

30 cm elevation ] )
. 0 cm elevation ’
Institu -

b'&ysn

Sl

Testing Programs-Part 2

» We will try to understand the effect of the rebar corrosion on the
dynamic response using a shaking table test.

Institute of Nuclear Energy Research émgﬁ 7
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Testing Programs-Part 2

*  Scale-down RC frame specimen is 2-stories and structure and the
dimension of typical specimen 1s 220 ¢m high, 70 cm wide, 70 cm

deep and the net weigh 1s approximately 950 kgf ) D ..
R % T —1
: r ;: -_C-\’ =
1 i N ~5

(a) side view

45

45

3 9 13 LTI U I D |
13 15 15

(b) A-A section (c) B-B section  (d) C-C section

ET

Institute of Nuclear Energy Research

Testing Programs-Part 2

* The RC frame specimens were connected to the shaking table and the
shaking table has 2 degree of freedom system with a frequency range
between 0.1~50 Hz and the maximum specimen weight 1s 6 tons. In
addition, the maximum acceleration for lateral and longitudinal 1s 0.9

gand 1.0 g
inf i
i, i
el
- = e T N S
(a) N-S direction (b} E-W direction

Fig. 5. Acceleration time histories curves (PGA=200 gal)

Table 1. Testing programs

Test program
Chse Input motion N-Direction (NS) | Y-Direction (EW)
Peak Ground Acceleration (g)
White noise-X 0.05
Test 1 White noise-Y 0.05
Test 2 N-S test 0.60
Test 3 E-W test 0.60
Twao direction test 0.60 0.60

Institute of Nuclear Energy Research é“ﬁﬁ
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INER

Effect on Rebar Corrosion of RCCV

the natural frequencies of modes at the frequency range from 0 to 500 Hz were
obtained from the peak values of the recorded natural frequency spectra
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~=  Effect on Rebar Corrosion of RCCV
Resistivity versus Immersion time curves
— The basemat with a resistivity between 10 and 20 kQ-cm was like to be a
high corrosionrate
— The vessel specimen above 30 cm elevation had a higher resistivity
exceeded 20 kQ-cm, which indicated the lower corrosionrate occurred in
those zones.
14 100
- ——8—— 0 cm elevation
il ——@—— Imner ponding 90 — - i{t{mtlr\:nnm
%] A~ = Owar ponding 0 | s e
_ ® _ | & 5 120 cm elevation
= 10 — £ 70 — o 150 cm elevation
5 Ja 3 i
¢ G e — 8
g 8 — 5 i - B
f. 11 . 2 - = I -,f 50 _8-gﬂfﬂ&' g e S AT
= 3 E o A AT U
2 4 S 09 *u N i
, P ._-"-. . 20 —|
— / N b} L 2 il - - .
_....__ ¥ ._.. . 10__ S—— {3 B Sdm o B o ®
: I L L R S I SO LI L N L NI ML N LN I
0 48 96 144 192 240 288 336 384 432 0 48 96 144 192 240 288 336 384 432 _

Insti

Inumersion time (hrs)
(a) basemat
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Immersion time (hus)
(b) cylindrical vessel
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INER

[
Effect on Rebar Corrosion of RCCV
*  Corrosion Potential (OPC) versus Immersion time curves
— OCP curves of the RCCV basemet droppedrapidly over -450 mV and
hightend the corrosion probability of reinforcing steel.
— OCP of the measuring pointat O cm elevation droppedrapidly from -300
mV to-600mV and cracks on the surface of the concrete can be found.
1] 0
-100 _] —:— gllnermﬂ;l_ne -100 o o g P
- wer ponding & 2 a- ’ Boa B & e
-200 — ‘2°°J1E2§§§g'??f‘§‘300‘-_
a g & .300 — ¥ 4
?'300__ %400—”.‘““; “_an“'-.".
T 400 —| a = -\ A
E i . £ 500 — | .+
& 800 —4“;_ iy ) 1\ /. e s o
] N, o I Wy ok S 600 — o ® V. —
600 — ‘ i = " pn ./‘ \ & _700 _' —:— S;?;:e:;::::n
_ '._"_...._.__..--!- .- ._..’ s ® o @ 9 R - 60 el
-700 — 800 — O— — 90 cmelevation
a ] — e = ]_Tormelﬂ.-::mu
-800 I L I O O B -900 L B I B r T ;mrﬁdF e T
0 48 96 144 192 240 288 336 384 432 1] 48 96 144 192 240 288 336 384 432
Immersion tune (hrs) Immersion time (hrs)
(a) basemat (b) cylindrical vessel 7
LT TSI

Institute of Nuclear Energy Research

INER

Effect on Rebar Corrosion of RCCV

»  Corrosion Potential (OPC): exploded view of the vessel zone
B

-280

Institute of Nuclear Energy Research
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INER

Effect on Rebar Corrosion of RCCV

Corrosion rate: The corrosion rate increased significantly with an
mcrease in accelerated immersion time and reached steady value up to

70 pum/yr.

Corrosion rate (um/yr)

INER

Institute of Nu

Institute of Nuclear Energy Rese
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Immersion time (hrs)

184 276 368 460 552 644 7368 828

Effect on Rebar Corrosion of RCCV

+ Natural frequency: rebar corrosion of the scale-down RCCV

specimen caused slight changes to the natural frequencies and

structural capacity. (Natural frequancy - reduce)

(a) Xv'EiTl"g:lion

Fig. 9. Natural frequency spectra of RCCV

(b) Y-direction

(¢) Z-direction
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(c) Zfrf;e'ction

Fig. 10. Natural frequency spectra of RCCV specimen at point 2




Effect on Rebar Corrosion of RCCV

* Natural frequency: The trend of the magnitude of the percentage
change in natural frequencies increased with the higher modes.
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Fig. 11. Natural frequency spectra of RCCV specimen at point 3
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Effect on Rebar Corrosion of RC frame

»  The potentials dropped again up to -600
mV and the specimens had an active
effect on accelerated progression toward
active potentials. The significant cracks,
rust and rusty spots were observed on the
surface of the RC specimens
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Effect on Rebar Corrosion of RC frame

=

The corrosion rate increased significantly with
an increase in accelerated immersion time and
reached steady value up to 40 um/year of the
specimens at the accelerated time of 21 days.

The corrosion rate increase with the height
increase because the lower part of the specimen
filled with NaCl solution and the superstructure
was in the intertidal zone (tidal zone).
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2D plot of corrosion rate values (Accelerated time = 21 days)
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Effect on Rebar Corrosion of RC frame
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The natural frequency of 1st mode in non-corroded and corroded
specimen was 9.62 and 8.89 Hz. It was also observed in general the
trend of the magnitude of the percentage change in natural frequencies
decreased with the corrosion rate increased.
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~=  Effect on Rebar Corrosion of RC frame

It indicated that the rebar corrosion caused an increase in the maximum
displacement. The maximum displacement for two direction test was
lower than one direction test because the values may be misled by
interaction effect.
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Fig. 11. Displacement versus time curves (a=0.60 g)
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Fig. 12. Acceleration versus time curves (a=0.60 g)

~=  Effect on Rebar Corrosion of RC frame

The peak of spectral response
curves in the corroded specimens
tended towards larger response
acceleration than those in the
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Fig. 14. Response acceleration v:rsus frequency curves (a=0.40 g) Specimens had larger dynamic
* = response and were consistency
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with the results of displacement,
acceleration measurement and
corrosion test.
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Fig. 15. Response acceleration versus frequency curves (a=0.60 g)
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~=  Effect on Rebar Corrosion of RC frame

Comparison of measured and calculated results demonstrate that the suggested
SAP 2000 numerical model is satisfactory and can thus be further used for
numerical shaking table tests and numerical analysis of real life structures..
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Conclusions

The accelerated corrosion method and impact hammer test is
suitable for evaluating the corrosion behavior of the scale-down
RCCV and RC frame specimens.

The specimen in ponding zones with NaCl solution had lower
resistivity, greater corrosion probability and higher corrosion
rate compared to the specimen without corrosion.

Rebar corrosion caused slight charges in natural frequencies and
the variations of the natural frequencies increased with the
higher modes.

Test results indicated that the corroded specimens had greater
corrosion probability, higher corrosion rate, lower frequency,
larger displacement, larger acceleration and higher peak of

spectral response curve compared to the non-corroded spe(:lmen
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