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Durability of Concrete Pavement/ Road
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1-5% by volume
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*AOWNIMERBE IWHNTIZITAT (Fresh state)
*AAWNIAIUANITNANEAN (Plastic state)
°ﬂa%ﬂ%miuamazmqtém A1 (Early age state)
* ADWNIALAIANILAT (Hardened state)

'ﬂa%ﬂ%mi%amazmqmmm (Long term state)
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(Overall Performance)
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(Constructability)
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(Exposure Conditions)
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Fresh Plastic Early Age Hardened Long term
Durability
-Workability - Bleeding - Temperature -fc - Drying shrink
- Settlement - Auto shrink - ft - Cl Corrosion
- Plastic shrink - Early strength - fr - Carbonation
- Setting time - Ec - AAR
-n - Sulfate attack

- Acid attack

- Freeze-Thaw
- Erosion
Others

- Creep

- Fatigue
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Testing and
Materials Equipment
Variability 5%

5%

Design Faults
45%

Construction
Faults
45%

University of Dundee, UK (2008)
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AnaNURNFulanINNTEUIRNITY
ABWNIANUIZNaULAZLNEIZDIN AT
® n159AdIULAZAILAYY (Transport)
@ nslwasiuaznisiiataN (Flow and Fill)
®  n159AWWK (Compaction or Consolidation)

@ NsumIliITwgANY (Finishing)
® N1IUNABWNIA (Curing)
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*NMSUANSIIBONLAHEIINATTIURINIEN (Non structural cracks)
*NSLHONENTNIINN1SIAE (Abrasion)
°ﬂ13ﬂ§mﬁaﬂaa§%ﬁ'smo (Settlement)
‘ﬂ’l'ﬁL?iaNﬂﬂ’lWﬁ]'lﬂﬂaavL'iﬁ (Chloride attack)
*NSLHENAAINIINT LW (Sulfate attack)
*NNSLHENAAINANANEWSDE1SLAR (Chemical attack)
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W CPAC



ATSLEINI1IWBD LRI TINATTIU IR N

(Non-structural cracks)
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Non-structural
Crack
- Msaanuuuthigneay - AnutAunatuuasiza
- AsAaEIfieSE LARNITUARILREYNEASY
- TAs9&NFLUNRTALTINALAY -Ammmumﬂ‘lu?a\lmqm
o 5 L LAnNNsALNAILHAaYRN
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Non-structural Cracking analgnisladviuuadlasay
ADUNIALRTNLIAAAN
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- > Structural failure
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Time of appearance of cracks from placing of concrete

Loading, Y,

service @ @ ————— ‘it ttvivrrtrr
conditions

Alkali-silica i,
reaction

Corrosion [/ /: ///////// / / / ///
Drying /o 7/// // / / / / //////////7/////

shrinkage

/7/"'/7/7/ 7/ 37/ S 17777
Early th(_armal 1777 (11117
contraction

Plastic 7 ;;;;// 7

shrinkage

- 7//27/7 vl
Plastic , 0,

settlement

Cause of cracking

| | | | | |
1 hour 1 day 1 week 1 month 1 year 50 years
Time from placing of concrete
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Example of intrinsic cracks in a hypothetical concrete

L e

2 T
,,,',,l’,, c \\’\
Sheir ,",/" W \_\\F\
//,,,,l/
e~
Ls = T
= Bad (i.e. ineffective) joint ;s,?;:ﬁg
— 5 é XL
Plus

rust
stains
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Classification of intrinsic cracks

Type of Position [Subdivision | Most Primary Secondary| Remedy For further | Time of
cracking |on common cause causes/ (assuming details see | appearance
Fig. 3.3 location (excluding | factors basic redesign |section...
restraint) Is impossible).
In all cases
reduce
restraint
Plastic A Over Deep Excess Rapid early | Reduce 3.1 10 minute
settlement reinforcement| sections bleeding drying bleeding (air to 3 hours
5 : conditions | entrainment)
Arching Top of or revibrate
columns
C Change of Trough and
depth waffle slabs
Plastic D Diagonal Roads and Rapid early | Low rate of | Improve early 3.1 30 minute
shrinkage slabs drying bleeding curing to 6 hours
E Random Reinforced
concrete slabs
F Over Reinforced Rapid early
reinforcement| concrete slabs | drying, steel
near surface
Early thermal | G External Thick walls Excess heat | Rapid Reduce heat 3.1 1 day to
contraction restraint generation cooling and/or insulate Appendix 1 | 2 — 3 weeks
H Internal Thick slabs | Excess
restraint temperature
gradients

' >
- Epnc Internal Use Only — Do Not Distribute




Classification of intrinsic cracks

Type of Position [Subdivision | Most Primary Secondary| Remedy For further | Time of
cracking |on common cause causes/ (assuming details see | appearance
Fig. 3.3 location (excluding | factors basic redesign |section...
restraint) Is impossible).
In all cases
reduce
restraint
Lopg-term | Thin slabs Inefficient Excess Reduce water 3.1 Several
dry!ng (and walls) joints shrinkage, | content, weeks
shrinkage inefficient | improve or months
curing curing
Crazing J Against ‘Fair-faced’ Impermeable | Rich mixes | Improve 3.1 1 -7 days,
formwork concrete formwork curing and sometimes
. finishing much later
K Floated Slabs Over- Poor curing
concrete towelling
Corrosionof | L Natural Columns Lack of Poor Eliminate 6.2 More than
reinforcement and beams cover quality cause 2 years
: concrete listed
M Calcium Precast Excess
chloride concrete calcium
chloride
Alkali- N (Damp Reactive aggregate Eliminate 4.4 More than
aggregate locations) plus high-alkali cement cause 5 years
reaction listed

GPAC

Internal Use Only — Do Not Distribute
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SEAUAMNTUNSIARYTaHULANS 1NN ACI

AMUTULSTYI ANUNINY (NU.)
lRnuA (very fine) <0.1
ln (fine) 0.1-0.2
1hunaly (medium) >0.2-0.3
u1n (extensive) > 0.3-0.41
JULLSY (severe) > 0.41

B P




AAANUUAADITALSINUNINTFIUH U111 ns BS

BS 8007

o dusumaundnlulasdineavnIsiiumIuIL Y (“Critical
aesthetic appearance”) asfinluninyuadsaaINAEInUN L
1Ay 0.1 u.

e FruFumaunNInTuIATIRIIN 1Y ATiiANATIvARYTa s NI
FIUN TaLAY 0.2 uy.

BS 8110

¢ saEsINTAANUNTILIAY 0.3 un. Taaldilunaansulaluy
1adANNIEIU (generally aesthetically acceptable)

W CPAC
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Aasgsduavsaasnounassiu BS

. s lNINAzaLTulAsIRNITauasAals
JouIaaaule mnummmw“l,mﬂu 0.2 UN. A

g1315a 916 Tae 13ifn1557 (Watertight)

. it duasldlusassn mav”l,ﬂa”mmnaa
waalgdanlaasanlasdlurauninuasifiaduiadu
Araimsuauladan’las AxgtAatdundnuaardau
msnmummauuﬂu

. As¥UIUATSila ei TUugU U Autogeneous healing 94l
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A2ANUUAADITALNIANNNUINTFIUAUITFatusn ACI 224R-01

uaTgIulitdatguauus (guide) ANuAIIYUAITAESING
MANR (reasonable crack widths) &1MsU&NNLULIARAN
6199 sl Iaalvilaiansaanailunadn

81728 3.
anAAL9 wia fvaavuilasAuainudu 0.41
annAdu wia dulRAuGY 0.30
fudafundaaraiaiiuds 0.18
innsalansia wia dnsdlanadudunisuune 0.15
TAs9&9TIia99in e Laisruviatibifianudu 0.10




-
dszrnnniswans1awuyu Non-structural

1. Plastic Cracking
2. Early Thermal Contraction Cracking

3. Craze Cracking eh Crazing

4. Long-term Drying Shrinkage Cracking




Plastic Cracking

wuvaanilu 2 dsgian

o Plastic Settlement Cracking

o Plastic Shrinkage Cracking

Y e -




W plastic Settlement Cracking

Lnﬂmnumswum (Bleedmg) AIAAUNIANINAULAANITEUAIADIADUNIR
waztinn1sdnsy (Restraint) AuwuuKaa WANL&EEN W3a tie bolts wasdisves
WUl Wa9Iwa

JBYLLAN

\ LARNLEIN




S nuaizaav Plastic Settlement Cracking

. LARTALST) il MANLESN Usa tie bolts AdauuUKAD
. LAATATNITAYIU LRIANLWILAL 9 1351 NAILRIUNIUTELAN
. LAATA AN TULT I AUNANUBUTITATIRINILLREU

JRLANIIN I0UUANIN _

LJ\ \ \ . JasudnI
WARNLESH

wanlaan wanilaan

AN /\A}/ JaUUAN

IVYLLAN
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mstasnumsiin Plastic Settlement Cracking

1. aAn13t8xw (bleeding) LATNISYURAIZBIABHNTE
- 1o Air entraining agent
- 14 PP Fiber HaNADNTB

6) v s

- ldmouniandrguaalagainly (5101 15 7a.)

2. aAN198ASY (restraint)
- WNIZESYNZDUAANLATH
cY (] a (] [~ 1 Y @ a
- Tdinanid@Snawiaanas (WnlnansenianALRN)

3. LAgIRaWBNSAZ I WIUENET LN DM

W CPAC




_______{ Plastic Shrinkage Cracking

LARINNITITLLALZDI188NANADBNSHNRINII2 819576157 A%
W LA BN IFLENABNINA LN BN IR LN DILARTOLLENT
HIMWIABWNSH NNNULBAISINABNNTIE T 11128 1N1ASEW a

LS9 WARATR AITNABTNNNSDINIFET LALA HIISDY AWK
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sduuunisians1naav Plastic Shrinkage Cracking

1. saaantl ULy
2. TRULAALLUNIEINE
3. FRHLANANLUILAANLESN



e Plastic Shrinkage Crack Wy
auUU

* AUUNUT 25 2AN.

s IURNAZULATIUUIA 6 mm
@ 20 a1y,

> aaunniianni@ 36-37

AIAN

< ANUBIAN 18-20 au./
2.

> LinTaaINmauNInang
3 2.

4

)

)

4

L)

)

4

1)

)

4

o0

- CPAC
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msilasnunisiia Plastic Shrinkage Cracking

WANHR)

o2De

1. Unmawndaviuivinle (Us

2. Iddmnsnnoundafimanzan
(n3giUsuuge3snsunlaile)
- ldansnne1nie (AEA)

_ finlmawnsSnienit3i2u laganuSN1na1sHuI9nI1sna 289

ADNIB
3. ldiduwlelniuasugnmnawnnds
4. AIALHLUULAZNTIETDINBRAITNAWBND WL AD NS 6

5. AANLAZINISIABWATA LWATIZLARTE AL

W CPAC
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n1sUasnunisiia Plastic Shrinkage Cracking
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4 Crazing

SOELANANEIIWIALEN T 9197 TARIINNITRARIADITLNIE LWEE
USLIUEINIIAENNTH S88WANNALNENANNRININ F9LNAAIEATLUA
Tae1n uRazifuwsmaniarinlvronnsadlenmieiiuas el
NG °]




n1silavnrsnisiansaauanuuu Crazing

Q/

1. windssnsunpeunindeindunfigungiseiugumginawnioi
ni1 11 °c

2. windgensinlvreunimdenuazuissduinluluanzinanwninfisune
aatna g (Early ages)

%

3. wandssnsERLAsiIvRawnIaNTNAiwlUawNaSANABNBE USIIM
NN
1o o v d < a = d o d
TugaRmtirennImIninll (auzinaunindalen)

5. ldasuuniiniirenniaiiainlAraunInuiiniadnnis
6. lawswiunimiireuwndnluanziuai@inin

siaUSanadwaziden (Clay or dirt) Tuwiasinlaldiin 3%




I Long Term Drying Shrinkage Cracking

Husasl ULANANATUARIADY —
AUNTOT LARINA

e N5 TANANLETN NN RN

e IsaasialulAsoaanali UNRESTRAINED

LANE R ) ;

. m'smmﬂmo (restraint) a9 2 ==

AAUNGH DEVELOPS TENSILE STRESS

inalaluraunieaiy 7 judo 1 ’

2 ndgnisin § Z
IF TENSILE STRESS IS
GREATER THAN TENSILE

/ STRENGTH, CONCRETE CRACKS
inruavgil ACI 224R-01

3.1—Cracking of concrete due to drving shrinkage.

W CPAC




Long Term Drying Shrinkage Cracking

Moisture loss

) <—\{—>T <—Y—>T

Internal restraint of large
area pouring concrete

Front view
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1. SIUNFUADUNTA
e YSINaiNHENAAUNTH
e UFuauALUUG
o ANTHANANNAULNUTLUUG
* 1/33NUINRNNTURIUNINADUNTA
e UNENHNFUADUNTG
2. anududuing
3. NTULUAUNTA
4. auauazsilnuasiasgdnyg

W CPAC
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119 |42 166 190 kg/m>

0.060
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\

0.020

o
2
o

DRYING SHRINKAGE, PERCENT

240 280 320 Ib/yd>
WATER CONTENT OF CONCRETE

Fig 3. J—Tpical effect of water content of concrete on drying
shrinkage (USER 19811

2

Aurzavnsin ACI 224R-01
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adIuNIAsNTUA I UNSNAAUNTA

/ ragregate Conent

y by Wolume - per cent :

1

T 80 |

: 5
ANEANTIA
|2

e —

L
03 O 05 (w13} 07 o8
water{ Cement Ratio

Fig. 3 7—Influsnce of w/c and aggregate content on shrinkage
(Odman 1965). o
iu2a9nsn ACI 224R-01
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1
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Time (log scale)
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Shrinkage-10°
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Aurzavnsin ACI 224R-01




T a{uniinaca Long Term Drying Shrinkage

1. n1stAG restraint
e External restraint
e Internal restraint
2. Tensile strain capacity
3. MslANANIEEY LavTansafinuNsaN




Aanrvualunisaanuuy ACI 318 uni 12

/.12.2.1 — Area of shrinkage and temperature reinforcement

shall provide at least the following ratios of

reinforcement area to gross concrete area, but not less

than 0.0014:
(a) Slabs where Grade 280 or 350

deformed barsare used ..........covvveeiiiiiinninn... 0.0020

(b) Slabs where Grade 420
deformed bars or welded wire

reinforcement are used.........c.oovveeiiiiiiiiinnnn.. 0.0018

(c) Slabs where reinforcement

with yield stress exceeding 420 MPa

measured at a yield strain

of 0.35 percentisused ........................ (0.0018 x

420) / ty

/.12.2.2 — Shrinkage and temperature reinforcement

shall be spaced not farther apart than five times
the slab thickness, nor farther apart than 450 mm.

W CPAC




Faruunlunisesnuuutialasnunisuansn ACI 224

The minimum amount and spacing of reinforcement to be
used in structural floors, roof slabs, and walls for control
of temperature and shrinkage cracking is given in ACI
318 or in ACI 350R.

The minimum-reinforcement percentage, which is
between 0.18 and 0.20%, does not normally control
cracks to within generally acceptable design limits.

To control cracks to a more acceptable level, the
percentage requirement needs to exceed about 0.60%.

W CPAC



Place reinforcement close to the surface to minimize drying shrinkage crack

(g Vg 3
PSS
(Ve =
(N g W 3
PSS

At surface concrete lose
more moisture > Higher shrinkage

Tension from shrinkage

N2
- High potential to be crack

Tension from shrinkage

N2
5cm.7F Steel %—» T
Steel placement near to top

surface> Lesscrack |

Bpnc ***Pemark co Ver/nﬁ must be considered in terms of durabili 51 @l SCG




HLUINIINITAANITHAANS1IANN Drying Shrinkage

1. Wfnanunenulsunags (S/A 61) Tugiunsumnaunie

2. Wfnasnuzualugdu WWaaninnaunaunie

3. Tfnauniafifiargudiiiaswanaziugivls (aniunaunse
LAl superplasticizer)

4, 1NN HENAaUNTARLINTENIUATAMINNANADUNTE

5. UNAAUNTAAELNILAEIWA TALLAWIAUTINTTY

6. aa external restraint 1aaldsaaca (joint)

7. aanuwuusassaiwaliadd I nFuAmILANLUILANTT)

8

. ldgswauLAnilszian shrinkage compensation wianaunie
Nuausgsuenaa (Expanded concrete)




A
UszinAnvassassia (Joint) WABUNSA

e SOYMBLLYNAIUDASY Isolation joint
e S0UMDAINIUNISVYIYRMI Expansion joint

e SAYRIAINIUNISHARN? 153 SAYKIALND
muqumsumn%‘n Contraction joint /

Control joint

e S0YMABVINANTITLLUILN Construction joint

W CPAC
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Vi nneaanIsinaaunIa lusunUuIntesy wa'laut
Asndauraluaiiuld uasmuaun1siaidy

e Tofiflusaanalaviane
Uszian

e d1'lsiavn15vinLilu
saum‘am”aoﬁmsmﬁ’mmm
Laitance tWailaviunis
LAa Cold Joint




2ian11iua Joint a1 ACI 224 waz PCA

ACI 224.3R-95 : Joint in Concrete Construction

ACI 224R-01 . Control of Cracking in Concrete Structure




Structural Slabs uaz Beams

ACI 224.3R-95 finvium Construction foint dofl
o 3381 AOLG L/3 we'litAu 2L/3 w3a mid span
o GNLUUITILTILEaUGIFA (L = AN span)

e 1MITULUIGIRINAUL LI UIALFEUNAA
For building

Contraction joint hifiziafinviue uajussanliin

Expansion joint 4ag Isolation joint Uz B amuﬂu‘v]
ANAINATLANTIU 1172 m'snum"luuuma QSettIement)
NA1AI1ALLAR UansLAAaUfINALFNUALTIA

’imﬂu&mummmw 5 9213, LLAYIZLIANITLIIINYIALE
Taa112'11d 30-60 .




Slabs on Grade

e NULINITLAAAUAMILIAYIANA

< AUNIAUARND

oo amununaunsmmﬂaﬂuuﬂm

oo usomomomouavuumﬁmnumunmnsvmuuwu
* ANSUUGEIUDINY
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o Isolation Joint
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Isolation -
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Slabs on Grade

e ACI 224.3R-95 1¥insunu Construction joint 1¥insaiu
sinriigaay Contraction #“3a Isolation joint

e ACI 302 wuziinliang Contraction joint nnsseas 24-36 1N
aagaNNnaaIiu Taalvaglunuiaiuazwenauliiu
sﬂamanmmamnmam LAY PCA (Portland Cement
Association) LLuuuﬂWl?ijammmmmaunsmmumﬂum
gulasiulnaigauuIatdnnii 34 i

e ACI 224.3R-95 fnwviua /solation joint \auangiuatinaiilu
A5LAUTATIRTIVAU 211 ATLWY L& §I1UTIN K32 §1UTaY
LAAYANT

o FHuluainsuenadizasiuannaaunfiaziasninnIsuasn
AadAaUNI® 91 Isolation joint wnu Expansion joint |6




- &
Pavements nuauu

o Construction joint Lifitafdviua wealdiilu Contraction joint
1ansannlaiilu Expansion joint siavvin Key #3ad1d Load
gumslananthaat
e ACI 224.3R-95 wuglinlwng Contraction joint nnszag 24
WinzasANuBUIuaINuLe L3itAY 6 u. Taalvidiaudnaing

uag 1/3 winaavanuinu wag PCA (Portland Cement
Association) wugiinlinannseae 4.5 4,

e ACI 224.3R-95 Ainwua Longitudinal joint &1niuauuissian
Highway & 6uiiansnalsauu

o /solation joint Misenszunein Manhole wyauan
o Expansion joint 1i6avdl

W CPAC




NaUUKUI 20 2N, ANUANUAY
sawed cut joint 1¥inAu 2 2.

WUTALLANTARALUTLIUTALAR
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- Sawed cut joint Afanudnliunnwa vinlvisasuan 'l
aglunwidvualy
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Sawed cut joint AIANUAN
Tuunawa virTvsaauwan‘liae
TunwnAmunua’ly

SEAZLINNAA joint AITAR

NUNKAIAAUNTH ULTIAILED

Aseia joint MizhAuly vinlu
lAasaLanLtAafiunaunITee
TALLAWIZTRIUNIUAAUNIAN
T suna udituueige

" CPAC
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CONTRACTION JOINT WITH DOWELS
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Pavements aauaansa

e ACI 224.3R-95 wuzinlvine Construction joint \ilu
Contraction joint

e ACI 330R wunlyie Contraction joint nnseay 3-4 1.
SAUSURURUT 10 21, Kiannszay 5-6.3 u. mmnwuum 20
AN, ’immmamuamaﬂmma wsamndudwmdaufiur g1
N6 a9 LuLAY 1.25 winuaddiuning

e ACI 224.3R-95 wuzi1¥e Longitudinal joint nalauauu
e /solation joint WEANAUANANT VIATEUNEUT NILAU 1K™
o Expansion joint 1isavdl

W CPAC




HUIVIVANITAAITUIUSALIND

o WiNLNiAMNNNTIVARYT LS N TIHaNSY' L6

e 19f Expansive Concrete

e 19f Fiber Concrete

. aaﬂLmuﬂauﬂsmmummuaﬂ’imﬂmmuamwmuumaﬂ
Lusr LatAu (W/C) 0.45 Taaltinenanindfunaann
(Superplasticizer)

* LAANAAIRIUNIRTIUNENUFININ

e aanuuulsIuduue launLAu 380 kg/m3

U UUszInatNalatun1sdanaiusacs) |

W CPAC
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Fig. 3.1]1—Length-change characreriztics for shrinkage-
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Length Change (%0)
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Macro Fiber Concrete

RECS100 RFS400

PVA Fiber

—
-

“22 OCV Reinforcements Anti-Crak® Technology

Anti-Crak® HP

The fiber is composed of single filaments glued together to form a strand

= ooy o @ Mmlcron;%
‘. = : =

1P 74/12 & 110/18:
quivalent strand
diameler Is aboul

140 microns

> 130 glued filaments

High Performance flbers: Low dosage = 900 to 1500 g/m?

Reinforce concrete under loads

« High integrity and resistance to degradation during mixing
Lengths 6mm, 12mm, 18mm

« = 2 million of fibres per kg (6 and 12mm)

Glass Fiber

9 GPAC




A Macro Fiber Advantages.

®In some cases, general steel reinforcement replaced by fiber concrete.
That means reducing construction time and process.

®Dispersion in the whole concrete giving better tensile stress distribution
compared to steel reinforcement concrete.

®Less shrinkage crack width and amount.

®Improve impact resistance in concrete floor.

®Improve delamination/ spalling resistance and more durable.

*Improve toughness and tensile strength (depend on dosa se ).
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PVA Fiber at Kao factory

2009709724 10:18 ' AM

Industrial Floor
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Steel Fiber Concrete
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Pairs of Steel Fiber Steel Fiber

Need proper mixer to mix steel fiber
concrete well otherwise steel fiber is not
good dispersion, not recommend to mix
in the truck mixer because there is no
mixing blade inside the truck. The best
way to use this type of steel fiber that

peedsyte@ mix concrete at mixing plant.

Ao

9 GPAC

High potential to
flocculate and
forming concrete
ball, requires proper
steel fiber feeder
machine to disperse

the steel fiber

s [®)|SCG




Steel Fiber Concrete

0.75 mm (D) diameter and length of 5 cm (L) L/D ratio = 67




Normal concrete W/C 0.45:
Flexural strength 47 ksc

Steel Fiber Concrete W/C 0.45:
Flexural strength 54 ksc (25 kg/m3)

» Mix No. 1 Industrial

Floor

-- Mix No. 2 Industrial

Floor (Dramix)




- Steel Fiber Concrete
e swnaus ek e

Cement 400 kg/m3, Normal 14 days
Concrete

Low Shrinkage Concrete 50 days
Steel Fiber Concrete + Low > 90 days

Shrinkage Concrete

No fiber

Fiber Concrete






Guidance

MK .!w & ke “

TR S sl S Gl TN ' 3
R (N BHED
"Ny st - :v‘ St £

Internal Use Only — Do Not Distribute

on the use of macro synthetic fibre reinforced

-
S

Macro Fiber A1N150LARAAITNVWIZD
ABBNSAINWRINIAIbAARES 15-20 cm
AwAUUSHALY wazanTainT e
Joint a3 ls8a 30 tnms Tmeanisold
Macro Fiber biNaNLABNLESHASONAUN
16 100% fndednmaun3niildnialuagd
250 — 320 ksc (Cambridgeshire road)



Jointless Concrete

Low shrinkage/ Expansive Concrete + Fiber Concrete

Traditional Jointless
2.500m?2, 800m saw-cut joints 2,500m2, NO saw-cut joints
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N13LEaNENINIINN1TAE (Abrasion)
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N1SYR

AITNANAN
N1SARE LNATT
LA 0.60 mm
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AZUNIANLRNIZAUNITATIUNIRNISYA TV DIRDSTALUS

¢ ATUANSRIIEINUIBIDTLNBANIDIFAUITAWALAY (W/B) 0.55
o USunaudnmlamIsiin 3%

o USaauyndiansmiadanuszanlisinit 320 kg/m3

o2
o o o

o NAIBAAWEI 280 ksc (NIINTTUBN) N8 28 T

o 11N15UBINBLIINTZUNNRSWNSNADINNISLESNATFIRI8LE LY
1197 LNBLNNAITNLRBEILAS Toughness ABIAAWANSH LHhada1n
ﬂauﬂ%mL?J%'i’a@l,ﬂmz'[mlmimﬁf?l (Brittle materials)
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