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ﬁx# *Autonomic Healing / BRi&H

The concrete that h. pecial elements for the objective of self-healing compare to the

«Activated Healing
(Repairing)
/ERkE (ABEE)

conventional concrete
Special admixtu uch as optimized expansive nt, flyash and unhydrated epoxy for the self-healing
einforced cementitious materials

Underground-Water Leaks and
Underground Railway Station.

Rain-Water Leaks a Concrete Viaduct.

Ev’;?g#g;ggf?r"t;a“"" ofa Lelz:ltked water by a ceiling
pa

(A yellow part is a sheet
waterproofing.) Drain for leaked water

18t Century bridge Existing Structure

in Amsterdam
Logically speaking,
these centuries-old
constructions should
have crumbled and
collapsed ages ago.
So why didn't they?

=» Self healing of Cracks

The porosity of the bricks leads to the (a) Formation of calcium carbonate
precipitation of dissolved calcite in cracks or calcium hydroxide

The fcium.

the ‘mortar used in these ancient bridges contains ot of chalk col d to (b) (*"""‘""(,{[ h)‘l["lliill" (ffl"'"“'"’ 1){[]‘".(',(’.\‘

Whenever a crack appears the water they're standing in is sucked inside. In

‘modern concrete that's the beginning of the end, but in these old brick . . N .

bridges the water will dissolve the chalk in the mortar, the chalk will flow into (¢) Sedimentation of p“rm;]gs

the cracks, and then set again. Hey Presto! Natural self-healing."Chalk can -

fulfil exactly the same function in ultra-modern self-healing concrete

(d) Swelling of the cement matrix

The chalk has more than 60% CaCO, . . -
3 r Expansion of the cement matrix

REF) Microlab. Delf University of Technology o —rr
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= (BAOISERKEAT CO B2 Sl OSRI-AITT) (W/C=45%, U{Kﬁmilé. 2BHKEEE) =
ﬁ_’
=7, 7}“}7]‘\‘-’3—|:|‘yl(®ﬁ7kmi!T:Gli, from Van Breugel
HEOIY)—FTH, VUEAOEDARE - :
HIREMFTES.

Self-healing not
to be expected

W (mm)

* Ordinary Portland Cement (OPC) * OPC 90% + Expansive agent 10%
. . E : Microscopy imzllges nf/(gl’(‘; paste ang _(&P(‘i lgas]te incm‘pm‘atil;g expz;l;ssiw;]e ]
2 t at normal water/binder ratio (0.45). [Under water supply until 28 days
BIET T, WLVKEMN —— ) :
:R-E"'b, EU)IEL\ The sufficient hydration by surplus v r normal water to binder concretes
6&%0} Hﬁ =» The reduction of its self-healing capz

> ML EH IS &5 B A MRl

(RKBIKT, BHEDOW/C, REMBTHNEEIRDEASE)
W/B =0.45%, Chemical Admixtures [SPI, SPII, SPII]
Properties of workability according to chemical admixtures [Mini Slump Test]

Basic Design Investigation of Hydration products
Upgrade Design | 1day, 3days, 7days, 28days, 90days

¥ Upgrade Design Il XRD, SEM-EDS
13] Chemical Reaction

After 120 days

'- Crack width 0.3 mm f
Expans 0.2 mm

Precipitated term
(CSA a 7 Induced cracks Pure water
1 - (Chemical
L i R additive)
Swelling term

Degree of cement hydration [ Over 80%]
2] Swelling Reaction (Nano-materials)

Sample preparation

Unhydrated particle

*DUEN THOBECHAERR

(Faks24147)

Top Cross-Section

J WL Yim
Mo s =
s I

Side
-
14 days

Ordinary Zone

% T4 bottom
a ‘w 10cm 1
TR - i |
- fed
Self-healing Zone
28 days 40 days 200 days
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®UVUHNIEAD
FIVEF= )T AAA > DL

(Fars247) Al ion Caion

Top of

P ¢ Acceleration of self-healing ability using mineral admixtures
Specimen

® HEAREELILENRSEE
jﬁl‘l‘.‘éﬂ‘fzﬁfz@ HERMHERY

7yFJL—F1
* Self-Healing Behavior [High Potential]

Top of i ] / 2 = =
Specimen : e 3 : A.- . * Induced Crack after 120 days  Under Water Supply until 3 days

TEECAMRES Mt

7

FyFHTL

Under Water Supply until 3 days
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SHC [W/B=47.3%]

Cementitious paste area

Aggregate area

Aggregate
Self-healing
products

—

Aggregate

Self-healing products

® HeATRRICLE3D)—FhD
OUFNEEEKEDOEL

Verification conducted by Komatsu at Yokohama National University

Water immersion

Water pass

Crack (mm)
Crack (mm)

14

Time (days) Time (days)

* Conventional Concrete

_ Crack width 0 3 days 7 days 14 days 21 days 28 days
Water pass
1

0.2 mm
(mm/s)

« Self-healing Concrete

66.7

(a) Mixer for premixed products

- -
(¢) Packing 5 (d) Products.~ -
Preparation process of premixed products

P BTl RE MAKEROEH

(a) Actual casting

(b) Actual underground
water supply

e o L LT
< )

Sem—————”

(d) Measurement of water leakage

movement from filed to lab

re-products between cracks

-14 -

A PRMHOECEEROFMHEZONAGERRRAS

http://www.jci-web.jp/tc075b/

B#&a27)-hIEHE




JCI 2008 15/ ~ HAAXER (CCETELIIV—IPDECEE

®EoRILDBERIK T EMKRHR

Water leakage of wall

Water leakage of ceiling

Double sheet
’ ..
ater proof
iy
Water leakage of wall || sheets

_ ommor  EEImE
L*I:F'“rlhﬂ-i (% e e it

Tk 4]'1' .--"-'ﬂls.' &
b EE

mxmm BT irbnis ;'-i.'lr_.f.--.. ;::

Hi i1
l ='l!I I B [
*1 § '!E t:+ BB & S LML 63 ;:j I
1] S agp T sHEREE |2
:h"!'-'ii § i .--."";?! §rRaR ‘-aﬁi .:?.'-'
:lid FEETH;_ _;... =?:-' - -:
LERE i' 283 ]
= !?4.
i.';*l * Patent pending [ from The university of Tokyo]
TH
H
yiy
ig!
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ZEILDORFFEHR<BEABER> (MHE B

EMFZERMLT=

VUEInhBEREIV YY) —k

WEEMKE

A

ARBETENE

BEREa V) FERYEERS DR
1@ Self Healing MaterialsERE &

EBAMICESBEAEIVY)—FDOBEIZDNT
Fars4F (BB ERIAL ) —F+ ERH)
VUFhMOFHDZEA> LT ZE S ARBaV Y-
BECREaY9)—FORBET TOERE, AL
RMENTORRET
VUThMERIZKAT N DRETORMIERE

F1IEOERIZBOHE

2007. 4/18-20, Noordwijk, Netherland
140E, 196N, 1248 #E, 750BEHE, 506 LDRRE—tEvay
(Victor LR OBEHFHEE, 120 AV FRMBOOBERR, SH3ENE-HME-JRTIL—T)

FEHRFF(I0HE
Asphaltic materials
Bio—inspired technical materials
Cementitious materials Institut National Polytechnique de Grenolbe, France
Composites and hybrids MPI of Colloids and Interfaces, Germany
Metals Air Force Office of Scientific Research, USA
Paints and other coatings University of Michigan, USA
Structural polymers Shanghai Jiao Tong University, China
Biological systems CSIRO, Australia
Theoretical models related to self heali|Eindhoven University of Technology, The Netherlands
Characterization of self healing behaviqUniversity of lllinois, USA
University of North Carolina, USA
University of California, USA
Federal Highway Administration, USA

#iiE 8% (Scientific Committee)
DSM Research, The Netherlands
University of Bristol, UK

TAVERMHOBERROME

“Is there a market for self-healing cement-based systems in the building industry? *
(Prof. Breugel)

“Microbial calcification enhances concrete self-healing properties”
(TU Delft)

“Improvement of concrete durability with the aid of bacteria”
(Ghent University)

“Computer simulation study of concretes self-healing capacity due to
unhydrated cement nuclei in interfacial transition zones”
(TU Delft)

“Self-healing of early age cracks in concrete”
(TU Delft)

RA-#EE-JRREAXH,S34

“Self-healing in concrete materials”
(Prof. Victor Li)

ECCTUUENEMAHE, VUFINARREEN), 7517y 107ER

‘ REEERHEF2009%F, KEA) /AT ‘

Delft Center for Materials(d, R H 2 A TN T IERMEZBERTENS,
WRERDBIFToTIND, BHAIZIEMTI5MARET, Civil Engineering®9%(%
TOADK/4AZEHIBL, FR1EMAEE

CERY S LI R
B2 ENI7)—+
workability
uniform
high strength
high durability «7

Y uush ——

WECHMAEBROMR | low water/binder ratioI

hydration heat
autogenous shrinkage
IRMEDHHIE

Wi+ oA I

Large amount of Expansive Additive

ME— D RBEER
(prototype of SCC, [E#{i5)

Tensile Force (Steel Bar)

— -

(more than compensation for shrinkage)

—

N / Chemical

Compressive Force

chemical prestress 25 Reaction Force  PTEStress

-16 -
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EiEHMEZFENL-BE TN I)—r0 BERESR (2001)
| BRHESERATIRETOUNAERSE |

e

E
NC

w

mm

0 WIB =25%
E/B = 10%

0
\

REFEOREN
KEL

VURhEAL
water

EC-1, NC-1 wet

gc-2, NC2 | IV (RH.=

60%) RH.=98% | #h EOEMRAE
EC-3, NC-3 wet BE

KPRERBRBROVURNIEDOIEL (2001)

X ° VUEL
0.1 \ A% Kep

0 20 40 60 80 100

04
E NC-1
€ 03 §o / BEEH
IR N / EC-1 ———
Loyl g v-an o EZo] ik
; L ]
X
[$]
]
S

BEEHRART

Time after cracking (day) 7471];{(::(_177;5:;Uﬁ$
EC (mE#z@mLi-a2xmavsY—)
0BT NTOBARTVUEINHEAE (ON®)
NC BB#E2EEEETHEIIY—H) /
VUEINIRIER LT

VUFhDAREME (Expansive Concrete, in water)

(RAKFEALPERKTBEEH D K HE)

VUBhMA~OITHEASVELI-AB ATV Y)—F(UREBZ, 2004)

(W/B=45%, E=50kg/m3,
Cementitious Crystalline Material = 4kg/m3)

0.60
Craicking —@— Bottom Surface

0.50 - © -Bottom Surface (without new hydrates) |
—_ —- Top Surface
E, 040 oo 77T - B - Top Surface (without new hydrates)
£ s
2 0.30 o
=
3
© 0.20
(@]

0.10

0.00

0 10 20 30 40 50 60
Time (days)

VUEINE~ DT HEASVELI-B BTV H)—F(JREB A, 2004)

SAREMIIE, ELLTCaCO,DHH

= A
V- e~ e— A
7 days (just after cracking) @ 14 days

oy B
60 days

Ko B EHCRIRIER O FED
VUEIhBEAEMRICREFTEE

Effects of curing conditions and expansion
in Crack Self Healing Concrete

2007/02/15
BABEMRE

05GC120 FHEHE

-17 -

@
A MRMEOBCEEEOH M TONASERAEES
http://www.jci-web.jp/tc075b/
B&EI7)-bIEBE



JCI 2008 &l ~ HAER (CCETEET2Y—PDECEE

KRMEVNRITHES5EERERD B D ARER
52 1-BEBREICDOLT
T HE D R (I 100cm) & , DuCOM(iﬂZﬂEﬁ@’fﬁ‘/?H;L)?%f:@é‘E?:‘rﬁJ]

BEM4E, BERE0CERE DR RBOBEFEE ST

BERED)—XVUEINAERKR 60
VUBhRAL —+— DUCOM(46.30cm) |-
08 BE |

VUSAIED BN RFFERERRIE X I RERE

VURAAHOIL ) —+OBMEREEL, $KTITHBPOH HOH

D:
FATTHM O LR, 288 ORETEELELAE

REGERSRONOKLLVREEZBEEL-O029 Y- FBHLT
[0F }. P b € DL 4 I

R

HEIFROMBIREREL-BCABER

3R +Li,CO,(W/P=60%) ST R +Li,COL(W/P=60%)

ROV UEINIE

BEDAKPRE e oo & 50 GRS
045 045
040 040
E 035 E 035
E 030 = 030
<025 <025
%uzo - %ozo E—
5015 FrrIr P P 5015 Brises
So010 T TTTTTITm D010
005 005
0.00 0.00
60 0 60

10 20 30 40 50
VUENEA&DBH#(A)

10 20 30 40 50
VUEhEA%OB(A)

FOKFAEMOFEAWP=50%&LYEEL, VUEINFAKO~14BDFHDBHSKEN

BEOHREICH TS B T ABBIM(W/P=25~45%)

[ BARERORRE)—X <mmm)

BERBES)—X

W/P=60%3")—X

AWRICE D E TAERME(W/P=50, 60%)
FOKFMHMOMEAEER

LA AT LB AR }

KRGS DEBMERSEER

)] ERHIC

VUEInBE2AREaY YY) —+
[CE T RDHARDFE

Effects of restraining reinforcement for expansion on crack Self — Healing
of Concrete

BEBENRE

< 0343005 RiEXKm
REHE ME B BEE

VUENEEAL. RO CHE.

FIRE R HRYIRNAEE

ENTEEEVVEINIEERE 1AEYDIRMELED

FYUBBLBAEEAVTHEABDRAREEZER
FKMYOHHICEL. FIROARDZEER D

A EDEERBE

ﬁtl!f*ﬂ!!(W/P=50%)

[LEES S
- 3RA E20kg+ R B F U L
3R E20kg+ B
- [3RAM E30kg+RER F 0 Ly
B RE14kg+RERY F L

0 HERERGOVUENEA-BEAE
%155%?&%*1

EEROETARE
M1HARa—F <
LTI

608 #%. iMKBRRICL-T

. VUEINRERDERIRRTESE FEHGHREOVVENBARE S %

VUEIAVIE (mm)
©
S o
a s

20 30 40
VUBNE AL DHE(E)
ARE14kg/m® + REEVFIL

Fo- ol - i
(FEDVVEINIE) E(mwatuuzllnms

M‘/’]L D16 ./\.  DIGHE
T Ty (TDOVUEINIE) — FHETVUEINE
= m mE s BN

L0 A 2 RO | 705

° o fmne Skonsa) \| ZeRRME A SR B DAL
ARATEI30kg/M® + REEUFIL FKMD DA S L ATREME 1)
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1850%| H
o | mEBE R EREBIOID o HREBKOT) AL T
£ 5;,_0(% Ry K& DRI<48 R
£ 500
T VAR
400 ‘
5 /
=300 EZ07
*Ll I
3 200 . -
ey -
g0 B RO S
g, £ EARIEREDTEL
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
AEHROVUEINIE(mm)

w . REVUEINIE

: BBV )LDV UVEINIZEITS
RKEDFHLE (£=0.02~0.17)

VUEINETEKYT %
BEREa Y ) — toaEER

Healing Properties of Self Heali

with Water Passing through
HEBEARE

0443015 /i BE

EEHE ME B AHR

“oncrete

KHFEDE K -Objectives-

s 1.4 92 3—TI2& 5V UENIEORE (EEFEETE R
=T 3:
HH:> A7 I EkEE GEAE-DURNBORER %ML TOFHE

B NTA—4

B EKEEEZRDHZ ETORER
Stepl. VUEINIEZES Y FA—LTHM?

Step2. (WU EIMER DM ETEE & 5 5T S 55 ?

EFEDIRTE -Determination of crack cross section-
N Stepl. DUEIOavFE—)L

OmANE0mY DEFHEIEA, / v FEHIT TEESI®
—HEAR RIS, VURAENISTTISED O UEWEAR

QmERNSF Y FTOUENIEZIY FA—LTED

QRT Y LAMENDTZ DEFHKEEL THLHUAL

@R A>TLNDOT, BIEHOREREHNRT 5
ZenTEDR

B Step2. DUFINEEEDORE

. > “’H?

FHRE

3%

4%

) BHIES FVUERO
ST IRREERL L ME

av%9')— EA -Concrete mix-

u REERS

—_m

|—-—H>M|.vm #— W0 —a— R

» - il o, - 3 - AT ) e

VUEINIBOREEZEL BREEDRREL

05 500

045 = - = -
T e == o [ —— EAEEDORD
B o3 < | \
£ o = gy £ < KR ES>HARE-
£ Y s .
b \ ¥ 200 ~ —_

u%; = 150 -

0 100 & =
0 14 28 50 Oy - = ==

VURNIBORE SH0. InmA FTIXEFEFEY R L
0.3mZEHEZ D EBFEEYOEENTL
AHE (BKDE:10m/m) S FED (BKDE:33~53m/m)
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W RBESHERIER  -Effect of improved mix- -Conclusion-
H RREEE
B EKRBTREL SR TUABNRIIEB S,

VUEINIEORREL

B EKRBO B DIZSHCAMARITKEL,
B HERR DNMEKOMEAL L THRBERS RSN,

B EKEEOBDIE. ALY — O BHEEYHAKRS OHTHIHR

2% -Suggestions-

BAREE

(CE] aBhe w28
B #(days)

L o — A o
= CaEng | N BHEYORFEELHIE L&L -
p—— GRS RS . BEEYAABTEDESEL TR TGS Ny |

~ . g i R7H777 77
»‘sw[ N “E;‘*% e RO I EFFR S T A L/, \_.a_umb s
o Y=g % .
s i S5eiE Lt B BHHASEBALE, VURARNED L2 DA NIk 53
2 S T e - MR ORI
° E e i ! B fHWEpHDBIRZIELSEE
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ZEMCORHFEHR<BEBEER> (FER )

B B B L
. . 4
Activated Repairing / B EI{&1&
]
: - _ _Self Healing (Self Repairing) _ e
Activated Repairing / B &8 / Ty
Activated Healing Autonomic
lllﬁ?xi ﬂﬂﬁﬂﬁimﬁﬁﬁ (Activated Repairing) Healing
X | BEAR (BBEE) | BEEE
i)
> A?%Bﬁ &E@EZ&DfﬁE@I‘UD—L&‘O
B BISIFREET DMEE R BN
WRRA = 1= — O MBI, JCI12008 I, Jul., 2008 Activated Repairing / EIBEEE #1 FRRAIZETE a7 )— OB, J Activated Repairing / EIBIEZE #2
B G B L

BoEERREDTE

r3w> 773 1 B C S MM%EE
VHEMNSDANELEELLZVBCEBE
VASRINATOITAH0HhTEILOFB

(7974716 CHE#E
MBI SDANEGRIL. KUREREIS
HEBELRESES
Y EBT A ZDFI A

MRRRTCCE T 2)—hOM B, JCI2008 I, Jul, 2008 Activated Repairing / B #3

[\ D7 | B I 1EHAE

1A H1| 7 =17
Y HERE Tty e THOF LISk
VUEINERTCREM

ASEIRIIZBAR

e,

‘ﬁ\ /71@{'%*1{% H AN

m%ﬁumaﬁ‘ (4
ICRYURBERET

VUEIN I E
FIARH - =&

FRMAZECE122)— O BB, JCI12008 I, Jul., 2008 Activated Repairing / EIBIERE #4

U2 fmesats
'_L|
EERLE
BIERMATHER — g EKRB
(JIS A 6909)

HIRIAT eI
ii;&b HIEHIEBEE

RIEH D BtiE

WRRATCCE T2 2)—hOM B, JC12008 I, Jul, 2008 Activated Repairing / EISEE #5

E)LAL

KEDVU
k% Z0N

240
Aa—THE®

WHGERVVEINAFEE

FRMAZECE1222)— MO MBI, JCI12008 M, Jul., 2008 Activated Repairing / EIBAEH #6
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/™ Yamagata
=¥ University

SRERFER —BKEER

(207 HA 5%

0.0001
-
- - WEETDALIY—X
. - BAUUEIAIEA0.2mmEL
= s/ —R
= -\ TOHEBEE Y
E‘f 107 _ )
= K'=3.56 x 10->w3
R ./ ‘
w0 [ - RAUUEAIEA0.2mmbL
p‘. @ HPFRCC-BEHEH J:a)EE.ﬂ%?E:/U—f
10°

H H H
0 0.1 0.2 03 0.4 0.5 0.6

BROVEINIE [mm]

BRAVUVEINIESE KR OB K

FREA = 122~ HOMEMDL, JCI12008 I, Jul., 2008 Activated Repairing / BB #7

/™ Yamagata
=¥ University

(7974778 8B HAE

BRAN el 1T

Y HERE Tatyyiae TOF 1T —HHEEE
VUBINERRTOME
IZLBREM DREAZ

WM RE NN 1T
. Ml /

DUERIZES B EBHHE
ERIOGERLR RERO RSB
CEYREERT

WRRSTCE TR 21— MEHALI, JC12008 R, Jul, 2008 Activated Repairing / EBHEEE #3

/™ Yamagata
=¥ Universit

/™ Yamagata
=¥ University

= University
MM A (BT /N R) EEREE
=7 3
B2 BT INA R =k
200 _
= Ay
N . SRERIA LZES
] V150 )
| rE % 3 /9% : FE5mm
| : g 100 . 4 (mm) BB pamm BB WERRE (T
1 & T \ (EVAZ 1)L Ly : i R93°C)
! | § — 10 N
18| — —
! | 50 20| [ —
: | — 80 |10 \ Y-
1 o % TR | magwman
\ I 0 02 04 06 08 1 10 . (RUO, % iR - HEHLT0 Q2 D)
1 1 vFH [ i
] ! " " £ 10mm |
, | OTHER ERE 0 J I
! & e = 2 =
: - 1 (FVUEINIE) 2 ol Il L
T \ . )
: e | BRTRIND @ @\ | wc=45 S/C=200
\ = S J /' & [wt.%] [wt.%]
Y RERRRILHEBE/R 7
-------------------- - F—EJ I/ EYERE
WRRR == vEta o) — OB B, JCI2008 #I, Jul., 2008 Activated Repairing / £BI#H# #9 FRRRI=CFTE1a7)— OB, JCI2008 M, Jul., 2008 Activated Repairing / EBI#EH# #10
™ Yamagata
> Uity
ZHTHE
471100
ABE[C] 100
B2nEEZEM NSO R o
e
AP
VUEINLE (B
10 20
B5RE [min]
#75°C
VUEINER
T10mm - 20 50 100
EERESUA COMRR) BE[C)

WRRSIZCE TR 7Y~ O M EHALI, JC12008 I, Jul, 2008 Activated Repairing / EHEEE #12
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RERE L URITHER

HHiERIRE (T

EEE s

=z [T [ THEET T |
20 45 70 95 120

BEERE 20min n

WRRSM T TR 2 —HOW ML, JC12008 W, Jul, 2008 Activated Repairing / B #13

FRATHER

AE[C] 200
VUEIN ERT TOEIRIIFER /
93 [~
&P
= R
0 6 15 30
B [min]
K
R
1R’17
BITHE
A 0 20 180
AR oo B o)

WRRRTCCE T2 2Y—hO M BHLL, JCI12008 M, Jul, 2008 Activaled Repairing / BBHEE #14

RERE LUMRITHER

HIERIRE/ (T

BCB2EHH

VUEIN L E

WRRSMCE TR 7Y —HOW ML, JC12008 W, Jul, 2008 Activated Repairing / B #15

RIER| DM LFE1E

WsHIZ Y

VUEIMA DR

T 1 BSR4 i h §

WRRRTCCETH 2Y—hO M BHALL, JCI12008 M, Jul, 2008 Activaled Repairing / EBHEEE #16

2 fomagata
4 —
BE2BEi1=—vrOHE
A F iy =17
oY HRE oty isaE FHOF 1T —RHEE
VU B COME
ey |-SORIAORS *W*’; ‘*f"ﬁ
1
[E—— ——l 4 Uli/uir?m:g
vfm i
A
VUERIZES R e
ERIGERLR BEFOREE B
[CRUBEERT

WRRSM T TR 7Y —HOW ML, JC12008 W, Jul, 2008 Activated Repairing / B #17

EiEM 1=k

FYTLGHENLT, L | BRI )
VUENIEE DT 4 L 0

MR BIBN HEREH THERR

N
HEBMHHLRE (T | %/

______________________

WRRRTCCETH12 2Y—hO M B, JCI12008 M, Jul, 2008 Activaled Repairing / EBHEEE #18
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HER

5| 5k Sk 1T A BR

M61a L #%5H
[EfEF 1= vk] 2 . 02
TN I
i | H ,‘O’a‘ -l
: : 15 el 0.15 g
IiTh .
7: | Ei 13750 g 1 0.1 ;
g ¢ B B
" pr B = L /
' 3
e & Ii* 35 0.5 005 2.
' 1 -
N HDPE;V! E i o /{ o
ICHE =) N H 0 0.1 0.2 03 0.4
wiB SP/B SF/B S/B Vf ‘ 45 45 ‘ LJ CMOD [mm]
45% | 0.9% | 15% | 45% |0.5v0l% r23ed 1 7525 ¢ B0 Z 4 (CMOD) R E i LU
X BAEAHM (C+SF). C: BBAILLTUR LA, SF-LUATa—L, SP:Bilk 150 B4 [mm] A i} BRELEDER

HERAKAL S: SBER. VI RYTFLfaHi (RE6mm) ORAKELL

FRMAZE #1220~ DM EMDL, JCI12008 I, Jul., 2008

Activated Repairing / B #19
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