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ABSTRACT

ABSTRACT

Keywords: fiber reinforced concrete, mechanical properties, durability,

microstructure structure, mixture dsign

1. Purpose of Research

Concrete is a brittle material with good compressive strength but poor
tensile strength. Traditionally, rebar with excellent tensile strength has
been placed in place in the concrete structure to give the concrete the ability
to withstand both tensile and shear stresses. However, according to a report
by Business Times on November 24, 2021, with the increase in global raw material
costs, the future steel price will be much higher than the level of the past
10 years. Even thousands of dollars are possible. In addition, steel bars are
slender and heavy, which are difficult to transport and cost high. In addition,
welding and tying still need to be carried out on the construction site, which
requires a large number of professional construction personnel to complete.
With the serious aging and shortage of construction workers in Taiwan, such
full-time professionals Fewer and fewer personnel have become an urgent
problem to be overcome in the overall construction and development of the
country.

Previous studies have pointed out that adding an appropriate amount of
fiber to concrete can effectively control cracking of concrete and increase
the toughness of concrete. , making i1t feasible to use this new fiber reinforced
concrete to reduce the use of steel bars, but the durability of concrete is
also an important indicator to determine whether fiber reinforced concrete
can be more widely used. However, there are not many studies on the durability
of fiber reinforced concrete, and most of them contain the discussion of
fiber-reinforced ordinary concrete is still relatively small. Therefore, this

study 1s to explore the durability of fiber-reinforced concrete with high
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fluidity and high strength, in order to establish a new production technology

of localized fiber-reinforced concrete.

2. Methodology and Process

The subject of this research is the discussion of the durability of fiber
reinforced concrete. The planned test variables include a concrete
water-binder ratio of 0.4, fly ash and furnace stone powder to replace 0%,
30% and 60% of the cement weight, respectively, and the addition of steel fiber
and polypropylene fiber. It is 0% 0.15% and 0. 3% of the concrete volume per
cubic meter, and an appropriate amount of superplasticizer is added to improve
the slump and slump flow of the concrete, so that the concrete has good
workability. Two methods of fresh water curing and salt water curing were used
to compare the effects on engineering properties such as compressive strength,
splitting strength and flexural strength of fiber reinforced concrete, and
tests such as concrete permeation and rapid chloride ion penetration were

carried out to understand the durability of fiber reinforced concrete.

3. Important Findings

The compressive strength of salt water cured concrete is higher than that
of fresh water curing, and the compressive strength of fiber-reinforced
concrete 1s higher than that of non-fiber concrete. Fly ash concrete has the
lowest strength. The splitting strength of the salt water cured polypropylene
fiber concrete is the highest, followed by the mixed fiber concrete, and the
fly ash concrete is the smallest. The effect of salt water curing on the
flexural strength of high-strength fiber reinforced concrete is not obvious,
and the splitting strength of 0.3% polypropylene fiber reinforced concrete
1s higher than that of other fiber reinforced concrete. The steel fiber

reinforced concrete cured by salt water has a rust condition, and the
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polypropylene fiber has no obvious corrosion. The permeability of furnace
stone powder concrete is the smallest. The permeability of concrete cured by
salt water is lower than that of fresh water curing, and the permeability of
fiber concrete is higher than that of non-fiber concrete. Cement concrete has
the most total charges and poor durability. Steel fiber concrete has higher
charges than other types of fiber concrete. The total charge of salt water

curing concrete is higher than that of fresh water curing.

4. Major Recommedations

Immediate implementation:

Sponsor Agency: Architecture and Building Research Institute, Ministry of the
Interior

Co-sponsor Agency:

The current application of fiber reinforced concrete is the largest number
of steel fiber reinforced concrete. According to the results of this study,
steel fiber reinforced concrete has the problem of rust and corrosion. It is
necessary to study the durability of more types of steel fiber reinforced
concrete, including the types of steel fiber, Pozzon materials, test ages and
curing environment, and find out the countermeasures to improve the durability
of steel fiber reinforced concrete, which will help to improve the technology

and application level of fiber reinforced concrete.

Long-term implementation:

Sponsor Agency: Architecture and Building Research Institute, Ministry of the
Interior

Co-sponsor Agency: Architecture and Building Research Institute, Ministry of
the Interior

In response to problems such as the aging and shortage of construction

XV
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workers on site, the state actively promotes the construction method of
Pingxuan concrete to simplify the procedure of on-site construction and reduce
the demand for construction personnel. Fiber concrete is very suitable for
the production of the construction method, but the key to concrete is the
construction of Pingxuan. The technology is high-temperature steam curing.
The effect of this curing process on the durability of fiber reinforced
concrete is worth studying, including whether high temperature and moisture
will cause corrosion and rusting of steel fibers, and the impact of
high-temperature and high-pressure curing methods on synthetic fibers such
as polypropylene fibers. Understand and establish a suitable curing method
of Pingxuan fiber concrete to facilitate the popularization and application

of this type of concrete.
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] § 4 % % gt v (Carbonation) ~ -k 4 % (Brucite) fr - # 45 it @

5&";
N
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(Monochloroaluminate) 735 = > 1 2 fifi @ 4 35 £ F (Gypsum) ~ 47 % %
(Ettringite) » # % # 48 % (Thaumasite) [2, 6-8] - v A CREHE SR R AR

?%’ﬂéiﬁigﬁﬁ%ﬁi%’ﬁﬁﬂ%i%f%ﬂﬂﬂg’ﬁﬁiiiiﬁ%
BURGED PN INEdE SR o B M AR SRR MR DRI R R Y o i Basile

PR RAARL PIE R M TR AT RB G SRk T RER

i

& 382 fLAb4E i 8%

F
&K1 AR & 3K3: B F 3] Av ey s L B AT 4

N ﬁai\iﬁ:
__.__;__ 7 : '-._‘ ‘- :#" Q;IE?: . -:'
M%Zﬁﬂﬁﬁi%ﬁﬁﬁﬁmﬁﬁm
(FH Rk 35 % gr[4])

=~ R

AR EY m el 8 FF IR bR B A[9-10] c RE D £ G 55 B AX
B R EE Bt ARG o 20 R R 2 B BRFIR o BleR Y kA0t ]
0,45 R A BERT o s R S FlR g PR D il
Flt g &4 d g o BERRKI BRDFF S §RFTRED wt B blde kA&



BRI WA

w\@ﬂ%aa~z%ﬁ%#&m%@@ﬁi$%§°M«@w?ﬁnp A ERREL

RER S S TR LR E S R R T T MR RN KA R B RED BR R A 2
i tiofe AL T LR 0 TR T S KR o es AR
FL R RF T FET EE AR R B ERRRE 25 4 A
deie o FIB R AL BRE B R Y RSB RS 0% F 5 R R

ARAF o
A DB FEEREARR A G BN R B R E D i B foat B B R FIEG §
%w@@ﬂriwﬁﬁﬁ%’wwwﬁ4WQ’m%%H&%%E““ﬁﬁ?k*ﬂ
PE et R A R TR ERFBRBENS LR AR RS
FoEA R RGR D oA Bl o d S HPBR T HRERTF A AL § AT
T F o A4 LG 5B C-S-H~C-A-H "4 > EURED pIMeat B> 8 78R
3R R S > PURSE B fodt Bl TR o

i
3
‘3‘
B
;{S&
A
W

= s alp

Mok A SR R R Al - B APBAT L nE B £$?ﬁ5W%Wmﬁ
it VB R E S - R R SRR [11-18] 0 d >

ERCTE-REN SEN %ﬁ@*m%uak%g&&#aﬂgg$ﬁg%§ﬂﬁjm’k

to Bow oy g2 RARRIREI VTP RAF S o FRAL R ARINEF IR R
Fﬁ’i@#}’ EE 4J§»’J My ;}FI»I—:E' éJg»’Jﬂ'\d /vb/}“{ P)\%Kﬁj’J\?—:;fj i:if5|ii’ 7]‘1{{—
4§%p¢ra§ng b I s | ;J»Jf#‘&rm{%}%oﬁ KA R RS i #ﬁipgz,?\ *R

P IVIIRS 0 AR RRET ’3bfﬁi’kz§%§$’k?@?ﬁ?fs§%£ STV R R
BHG SRR - SRR TRA AP F&‘.?/FH;LJ,J Se RO R YIRS
P I R SR RS 160 R = g B meaiE it *ﬁ«"f}ﬁﬁié#i 17 e s E
7:?@’?}’ o' MOR G S BIRRA R
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>

I
e

AL

¥z 8 gams

4 s 550 5 2 (Fiber reinforced concrete, FRC) & - fafFshenR gt (11T
BARSR ARG ) 3 & L AMGES ¢ bor A H B HHE Y s - B8
FodaRH s A I AR BB P ERRX R R 4V
fi&-H %A EE R Mcro fiber) » & & ‘&> 20mm > ¥ >z E /& (Equivalent
5-200mm - 14 2 £ 4 & (Macro fiber) > & B2 % 5 20-80mm > & &+

(Diameter ratio) # 40-120 « # * S AsgA| @ F P2 5 4 2-1 ¢ o

diameter) %

22-1 ¥LRREI TR AAPF

ik

(nm)

R
(mm)

o
(glem?)

i B
(MPa)

R S
(GPa)

AT
¥ (%)

A B

5-1000

10-60

7.85

200-2600

195-210

0.5-5.0

R fahe

25-1000

0.96

80-600

1.4-5

12-100

B HOR s

20-24

6-12

0.97

2500-3000

80-120

2.5-5

Ty A

13

6

1.54

5800

180

3.5

Rp o

10-200

5-50

0.90-0.91

310-760

3.5-14.7

6-15

R G pa

9-760

6-12

1.2-2.5

800-3600

20-80

4-12

ek

6-35

10-50

2.54-2.70

1500-4000

72-80

2.5-4.8

L i

100-400

1.12-1.15

120-200

19-25

10-25

F i

100-200

1.02-1.04

250-350

25-32

15-1.9

7 i e

0.02-25

5-40

2.55-3.2

200-1800

164

2-3

po A

7-20

3-12

1.2-2

600-4000

200-390

0.4-11

Pl

LHER A B R R S AR AR R BRI hd B
BoddtiF 5 Rk o blarsR s (R OR/EE) C EEHE c SR g

FoBERBRARFI DS FPEF B 2-3rm B * 7R

WA

I

~gEs

| 5K SR R 4 ek R

fiw[20-23] o 22 4 1@ R+ (Normal concrete)dpt » BaR s+ 5 FB LW ¥

SR eNRc 4 0 T AR Y firit 2 A, 2 g R A 1 (Strain hardening) o i F_8 IR

-

BB R ESRF o BRARE P kB RAEZ BN RS s R




B S B A BT g

FridE v o HAT R
Ba i iE3
1.5~2. 5%

# % (Polyvinyl alcohol, PVA){r#& ¢ i (Polyethylene, PE)#
i 5 2 (Steel fiber)end 3 2 £ 94

+ 948 1~ 2°/m$31§]}1\ [24-25] >
30 E R E X T0mm HF [ % 4 2 (Polypropylene, PP) - H &

[26-28] >
0.5~1%R [29-30] -

32 e
2 A
g First cracking
.i:' Multiple cracking Local cracking
S Strain hardening
= TTTH
Gar J@roconscscnsensscnsssssssnnemns s
) l HPFRCs
10 MPa fe---- I
i lllll
]
]
'
foomm
':' D it \‘\\
; “':B Sus
F [:] i FRC Sso
I i >
; W L
/ |
a) 4 s D)
0.5% & Tensile strain

d)

W2-3 R R4 g
R R AN

(8) # FHASFRRES VRS B R (b) R
o(e) AR EAR T RVPRAETr R (D) $RRAIRF
HBHRES
(FRdom 2 ge[20-23])  FoF e
d RS ol d B oA B R BB PR FBLE > R E
SRR WA LT TRG 1 ER > RER - FE R Lo SR
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F_*

[Bl] i @™ SRt v u e B~ i * 2 & jim oA
HERLAFHNDFHBRLT 0 R RRRL 2 Foifofd il d 30
E P e AR HARORE R N v AR R PR TR e
o BN S BEP T LR R A IR BRed T Bk 4 R R e
g F[32-34] ¢ BRRRGI PR o WIS ST P R T NN AF[35] - &
BH A G IRGD  BYONR LRI Y o T AT R G R
[36-37]c A2 W~ P *Afcff M > 7 PR DR AR BRI & Ao * T BF%E
BRABRPA . R G RED CHRE R AR PR E[38-39]
éﬁﬂﬁﬁﬁ&iﬁ@*%@’%ﬂﬂ&%%%ﬁ&ﬁTﬁaﬂﬁﬁﬁﬁiﬂo
BHERGD AR o G B RR GRS B AL B Sy R Bk b g RS
LR GE D F B ok R T Sl Ae A Jiﬁﬁ‘fiﬁ'fr%g—: FFE R
XA SRR MR R 5 R ORISR TR IR G Rt A L R
By AR R FEF > 2 BEE- A o U T AR IR RS A A A T

g’i F]q o

T

- SRR RRED YA

—HRE O RREI T T o Ad FAFE B A RERS R T Sl 4em
[40] o B 04m 2R G 3 RAR S b ¥ Ly Ml - A e - Fal- 71
i B9 RT3l ) EFRine Bdk o — SR Ak VRS g IR

Podidm 6 BN 4] W H AR AR o d AT F I ik x [42-43]
Bpk 1 [44-45] 0 o fEgh Vg A R A IR A B A [46-48] o gt b AR D P
Fr 4 @ AR (@ FoAcdn P fo@IF )= T A W5 i ﬁ’!l%‘»%"[49—50 o d ATk IR 5
Pl AR G AR Y OF HEARAT R FP T 0 A0 qE Y I B AR
Fhoo 4 2-2 [ EPEE G OMBAEE AR P 4y SRS

w2 4 AT kIR ¢ 243 o

L

[E—

mu

By ’1? Mo
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BRI WA

22-2 8RRl RARL T PR FR

‘ e 5 4 2 » B R R ER A :
> ik assEl s # 2 & fA
/}é ] B‘-f__t»ﬁ—/z, v (") 2 4 % & (mm) (mm) 5 £ (%) & il
Vasanelli Steel, 0.6% 17 | Werae 013 15.11~16 - -
[51] Polyester fibers, 17 Woerave 14.87-17.47 B B
0.9% 0.13~0.16 ' ’
0.38~0.6 | Mass loss,
Polypropylene, 1.5% _ 3 5%
Kobayashi | Polypropylene, 1.0% ﬁ w“““ 883__8%2 - 0.55~0.6 | Mass loss,
[52] Polypropylene, 11 W“'“’t 0.04~0.08 - 2 8%
0.75% eriot B 0.55~0.6 | Mass loss,
0 10%
Miyazato 0 21.6(w/c=0.3)
[53] Polyethylene, 1.5% 3 Werave < 0.1 28.8(W/c=0.6) | — _
ialli Steel, 0.6%
Micell ' _ _
cel Polyester fibers, 2 Werave 0.19 39
[54] 0.9% 72 Werave 0.16 37 - -
Pitting
St I 0 50/ Wcr,ave area;
eel, 0.5%
~ — _ ~ 0,
Chen [55] Polyvinyl alcohol, % 0107040 L
36 Wcr,ave - - Plttlng
0.75%
0.10~0.40 area,
~20%

(F A %Mt 2 pe[19])

EENF SR X

o b AriE o A A f ERR D P enkp S R4 o Bha(Pitting) £F P FAF R
BE AN [4T] o d RS R T R - TR Y RSIF R Fl A
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SRR A £ R - BAF R AR 0 B RE 5 FF[56] o ok i Hnarffgm,
4 (C3A) friBipidrm 48 (C4AF) 22 L eng 33 - 4232 2 245 f ® (Friedel’s
salt) » H 2§ &> it [R5 R 8 & 4 m@;%][57] Bm 3 0 RES g i
Fiband Bt C3ACAAF ~w e = 47 (C3S) ~ -k Avt » H @ C3A eng B+ [H8] »
FlL o BRRIRGE D P g 4 S A BBt AT R A o

Abbas #7 7 4% Sk R s 3 ok SR 3 FM At g TV AR 4 0 H sk S NG
ASTM C1202-10 42 & e & 33 % % 3 % * (Rapid chloride migration test,
RCPT) » @R R 2 hg B3 BTG EIvE SR RN E S T 07 M4 58 1
2oL REGEISRERA I BREB R AR FRAPR LSRR A Y
BB T3 [59-60] o — SR FE > d A S A B AR R AR EDR LT A
w4 [61-63] 0 pF g SRR RIS R0 ARG Y A T R

LAp o B R TR G B R B SR R R G AR R
BoREFIFFTAFEI AR I[64-60] 0 24 AT IR EE KR
RUF R ERF? DL F M@ ERFF T A F PP aDREHT > & ER
RS PR EbNE L E0 43 G g FME E R [66] 0 B 2-4 5T G &
SaR) g DPVA S Rk R B IRA o % 30 NT Build 492 %
TE 7Pk & 1Y 5 B #pE (Rapid chloride migration test) » A idd8 A B 4 ik

BT F AR RN RS o
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SRS A A B ;Ln

W24 § "% 288%8% (FFL74 052 83%)
(@ ¥ 820R
(FH R 2 g [67])

Pt g aREd 23 PRV RS HER A Y £ 2L > Bernerd 0

TAp 2 RS AT R A 0. 10mm pF ¢ R0 A B AR G { e F[68] -
Granju e= 3 « F03 fgivenish > F15 TR A s ing %s?é-— ERERE S .
&@%thﬁﬁwxﬁj&mﬁ%m@mmoﬁgﬁgﬁgﬁauﬁﬁﬁw,;;
Tt e | HALE F B P B (T R TR R AR A
i i3 4R ehic 4 [70-72] - Mangat ##7 § Rl » SRR ¢ R B TR G
0.20mm > ® g Rzt ¢ HEAT R DR 4 > ¥ BEI{ B DFBAEF[63] - KA >
Berrocal = 7 RI&im » B2 5 dple £ o WL TR D SRR 40t o d S e
PVA g f s cngiaiR g+ H - hepr g a (s > 2 il afe PVA SR s d on
TR [T4] - P B AT RSPTRF T L ERRFn P F TRTE
MR R HFT IR A

prebo BRI Y PEAR(E P R o 8L RO FRE Y
dph o BRI EAE AL R B XD Ld LG FlF A 2 Sy P A T RS
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£ L nat A L[75] o 2 pr[68]41 % 4 & ke v F 5 @ (Macro-synthetic
fiber) Gl T4k iR 52 > Rtk Bt in A fop IRB IR B N A R
SRPERE_T-24 B 2 E > SEFRCERAAL AP E{oL AR 7;&;14,3 g e
At e AT RS 0.20mm FEREY o SRR LY L RAR R EE

Bl R EARFLE R P RS M .

N AE A

# it (Carbonation) » = L@ it » g 3l4=/R R I chit F T2 R
FU AR FE I e B R ot b g g S TATRGR S ok
A ERRES B [44] o it e LI SRR B Bl B Y F 2
- [47] 04’&’3/}%%6 Tl o B SRR ARt 0 i R R A R R
Pt S o d Y SRR BRI BB S S G M Pl kR ag 2 G
AP ACE TR o Wang Y A e At aa(000.5-1.0~1.52 20)¥ A

BAGEREI RN B RHT 1O ez £7 U MR A
2 BRI ERF A A [T6]e &V - ALY > RIBFR 2R RT T §
EARABRFI I W I3 EFHB12, TT] o FHRP g > G T3 B 57 -

fﬁﬁ’ﬁﬁw‘émﬁcﬁ LRt MEAT AT é%w/%aﬁm 78]

e g Baole o BRI SRR S Rlicfo f RIS Thlicys § A 4 [T7] fﬂi’*ﬁ
Do AR R IR A B AR IR SR R B A A S g B Y Rl
b &#ﬁi&%:&é@ridging crack) rusnd e A 4 BE A4 G 0 FRAMRES oD
A ARFLUE 5 R A F " M[T8-T9] -

bz (0.6% fr@pasa (Polyester fiber, POL) (0.9%) B 4R 4

IR O FRACFA AARERTREASOHBRE(RRERRI K
24~36%[51] » fAple mIE* T o FHREfeRMARL EY DHELT R B (HBE
50.24mm- BaREd 25 0.10mm) P S FEFT R LR N R o RS
FVFERELF G aet Feo¥ 5 7 7 RF] 1L OUPE B afes a7 e ok 4ot (0,30 47 0. 60)
WiER Rl e A - AR 2R BT RS a1 (7 5 0 91 S5k B O
ZFivpz 0% EEARRDES T 4% 5 AR 200 HER S RESE Y 10X

T

T
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BRIRE D B B g

e - BIRERBRTE A8 ARERTFRZT > FHRAL AT 6.0 BHECY
91 X)) - Ay R ka1 > M-k 00.30) AB A %.&gé\a,&az/;fﬁ&fr\zﬂ/ﬁﬁ?ﬂgﬁwyb e

BASECGoar Mt AL) e F kAt (0.6) g sap iRy o Aih
AP REMns B 5 o AR AEWORRI LA F gk FRBE) R R
CFERLF SRR RRENSZ B B B RN ET RS 0.3-0. 4> A
R RO AT AR G 0. 10mm & L) o gt oh o REE R WA H - A
(Single crack) > @ 7 &'ar) J\‘zé‘%ﬁﬂl’? = % B4 (Multiple cracks) o F]pt » &
B R AR RARRE TR A LR L WA TR [53] ¢

T~ d&-FF R

ic-# F & (Alkali-silica reaction, ASR) & & d&{i-kif Jfriz pov i v
58 - F - # (Amorphous silica) 4 4 a9 & & (Swelling reaction)[88] -
ASR A 2 e} R I3 3 ~ AR T ’ﬁ AR E L A & 2 A 5 B4 (Sodium
silicate)[80] < ASR 5% tp -k A IR B T W 2 FH RN o FA 2 2k
P B R RE N AT 0 R DR R oAt A 2T R [81-82] 0 d At ER A

El

$ SRR i 4 REAT AR AHARRES Y HASRR R AT o
Z
4

pe

kit
o

CAp AR IR ¢ e ASR BB MO G BIR GRS 5 o) 2-5 U1 o
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1.2 -

¢ Turanli et al 2011 (SF/30 days)
10 & m Andic et al 2008 (CF/42 days)
N A Andic et al 2008 (PVA/42 days)
08 ¢ =
o A Andic et al 2008 (SF/42 days)
X °*
< A )
.5 0.6 - . < Yazici 2012 (SF/120 days)
v
= ' . A ® Panesar & Gautam 2017 (SF/90 days)
<
& 0.4 - "
S
--------------------------------------- Limit
0.2
® e N
©
0.0

0 1 2 3 4 5 6 7 4 8
Fiber content (% vol. of cement)

W2-5 GaRE: 267 F R (FH XK : [83-86])

R 2-D 7 # MR g £ o4 > ASRiE iR & ¢ 0 [84, 86] - i
FRR G o e e R o w5 KR M0 0 1> 3 54 Th o £ 4995 ASTH
C-1260 zEs&> %> & 24 [ PFpl & - W > 54 30 % - 548 30 % ehiplid  FIR
Gz 2 0% 1% 3% 5kfe Thed 2 Wik Z 2% 5 0.80+0.70~0.55~0.30 = 0. 19%
TR EPTR A 4 o WORE 0 ARP AR e R R e ORI gk 5 R Y
4973k [86] ° Andic = § » @RI NEdh > TRARKIEF{EPFFOEE
TR B AT R P > ¥ e ASR aEE (7 L ok 243 [84] -

phehs By MR 7 R AR (120 R 2 HT AL ASR BRI k2 G F & D
% IR [83] o Rk iRt & 80°C e NaOH 73 ¥ e 120 % 15 > &2 43R5 1 FHiE
Fr g 3 1% e 2% R IR R 3 PR R o B 'R 1L 12% e 35% - f1* H e
;7 B icst (Scanning electron microscope, SEM) Lz g R g2 ¢ ASR 24 -
4o B 2-6 #ro7 [83] » liﬁﬂ it B Hcs X s A 47 (Energy-dispersive X-ray
spectroscopy, EDX)# # > ASR # 4~ ¢ e4f #2 v+ (Ca/Si)fegp#2 v (Na/Si)#s » 7 11
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SRR AR R 0 3 BN R T 1 oedrd) ASR SlAsaR R 4 F R g
e - KR BRIRGES i  F IN s R R Y B A TS U5 R

s R R o A sl 4 TR A B E IR EAR T 5 oxig 4 A WL[87-89] -

o R A O

by Sl BtV o Sy Silicgerich crystg
“ASR'geliand crystallized <€

products®s rosette-fype

v o y
pradutts as fibrousishape
AT f= Y ¢

shape

F12-6 & @R g

(a) ASR %% ~ (b) ASRE.BH# ~ (c) FRBHNMERH ~ (D) *AF
HASR (F# %k 2 gr[83])
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I
el

@;F*J%‘.wép?

P REEL X

Mt d wH2 BB oM BRIP4 ARt B L T4 [90] - KA 0 R
EEREFELT O ERPAF R FPRF . SR PR R[91-92] 0 2 FEGR
W 1000°C)T » R ¢ cnd L a- g R~ BUA it a e [00] 0 R E D AL i &
A G B Do A e kA AR R R s R i - R
BRBPERF g FE[90, 93] 23 ETM00CE) &3 i%ﬁrﬁ@ﬁﬁ%&;
A g padT R &4 (C-S-H " a8) g R A2 500°C t6» ¢ A f2 > & Bok «f» BH
WAL IV [94-95] o § F PAAT R E S BIR S 0 SRR R TH A FE R "xi—s‘@&:
A3 2800°CH»mREY R R O FRERD10-20%> = £ 2 HHa o
#-73 2%PVA SR it M A BT o A RB T (20100200 ~ 300 -
400 4 600°C) » 3 A W3R 2 ] e 6 ] P BLRIRR L Fris cnfade 2 FUR G R B
FrREEF TR A 6000C THEFED OB RARRD L G B2 BH R
BHFREFRR) / HREHR A ZMAT 4o 35-T0 » 4158 4 B RA
[96] - PVAs ARzt A BN hFAi & L BR2(4-PP-PVA-PE 28 2)a5 8
IEP o AR BIFEL GBI B A B ARG P IRI S 0 G e
TMICHOREFA S G BRA[9T] e R o mERE G BRE ¢ PP RR R
e BB RLR BRI SRR BT R R A e d § TR
[97]« % &k H @M P L IRGRE F R RA Tk ol R B wf Lg &I
FAAeR £33 A B e PP (T5%+25%) chie £ 7 4 a0t (50%+50%)
fr (25%+70%) enie & T 45 et L 45 [98] ©
S ;;%[99]#% ¥ 2487 b s Al e (o > PP e PE) LS R iR G R Ry
Se @ AW SRR R 0. 0% 10 o gt R 0 AL ik ASTME119-98 22+ 3
BEfa P 4o 3 400600 4-800°C - & & 400°C p* » b’“r’ﬁ HHEREEOET LT R
B R feirit s 73 PP Z PE R Aanigqy > 5 8007C 1v# 15 22 4p ik ‘e Y
it Rl ¥ en4L R o WA A (Ultrasonic pulse velocity, UPV)E iBliR s
2RI 4R AREW O R4 4 K00 PP {r PE 4% 3248 [99] - Haddad %7 1 R4,
N R BEIO600°C e erami iRt € NIMAE F oy 1 [100] - 101 ] RpP Ki
FH-HREE R EFECRA 2 HsE) VTEART 500C ~700C= 900C » &
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BRIR R D B B g

BRIHMEAS I HRAF AR AN TR FELEFELENTEL 4
T2 RS R PR R URR BB RA T X SR S R R
2RI o T R E BT RAGR R E A 0.013kg/m3(RE A 0.015%) 0 T MR
s 3k ek 80% 3 2 0% VMR 4 B 28 (2 & 100mm ~ F A 200mm) ¢
BEE % o @ B¢ ph /4 AR W BRE 3/4 F AR 1/2 LTk R HnA X
P EREAEEE PR A PSR T B B LY S BRE D RED R
PR BIVHRA 2P hE L2 R B4 %R 350CE 450°CH F A 5 85.3%2
T9% > T EREE A RA SN - R ERPNF 2 AR A 500CREER P ES
FAARYRA SRR REL AR KA 000CL AR BRTLAGFPHLE
R - R e R AR

v Re[102]F7 4 % % A7 » 25 400°C~600°C = 800°C ®® 1™ £ F %A B i
BRI 2 TIORAFURE A A YW L H 3R 2 88% - 69%2 23% > xdp il F i
Bk ARFRL RS ERR R RIUBR AP -5 VTR S 400°0CHF 0 & ARE
2z Fed L P AR A A A w’fﬁ Sz R4 > BN T2 el FE e
F 13 e lm v R ARG B00°CH - & AFIRES LY FERB T AiLER
F 25 o 5 400°C~600°C 2 800°C B (77 f5 » BB Rfrgk - F YHWAR
s A A H 2 107%~ 100%% 57% B &3 * 4l e

TEREFRAI RSSO BRF N EAAR PV ERERE PR
Feendg 3 Mac e 2 (Ultra-high performance concrete, UHPC) o #p it & 3@ 8 4%
2 5 UHPC #3 &9 chip {2 { o ehdfF i o Ra w3 B (07 T > UHPC pchLisHE
fod BT R §BEEM o v pr[103]3%3 28 & FRE R S 120MPa 2 F
UHPC » T pl3d 2 7 A & prensl B4 FRH TR ~ g 2 B R R )E 28 2 & 4
FR A o5 UHPC vf Sele > R L LT i@ §f o et (F 4 At
B )ens RS 0 P 2 i UHPC A 56 = 863 gl & (7 0 2 40 15 ehd B s
% UHPC » 0 % 385 1 cilc LS 8 1 » A7 5 B % Bn o UHPC 34k %% 300
T~400CH500°C s » SRIBFEARS BB (FUR PR AEZ P BB )T LGP
Rrg s IR W BDigEcka e o RA > FRBEERE 6000CH > UHPC
HUF AT FIAARBAERETE L RBEMBREEFR R GRAE

—iinl
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BTRE o SRR o S EFRERDEE g e UHPC dop R 5B S

HORH - AR B R
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BIRGRY wAAT g

NI O

P & RSP E a7k =R NREE = S ot et LR F S
A5k~ ﬁ‘ﬂ‘ﬁfrﬁ%ﬁﬁ‘—?%d(Bridging mechanism) [104-109] - if * B 5% 3 ek
Mg B g% a(Glass fiber) ~ * R m(Natural fiber)fe
it & 4§ (Synthetic fiber) [110-114] - % i H &2 E £+ > 0. 3mm P
e it B g m(Microsynthetic fiber) » % £ & /& 3% 0. 3mm FF PJ4R 5 s it
& 4 @ (Macrosynthetic fiber) [115] » B fatia ~ R Faha{cR e 5
RSk S (B e AR Y R SOR R & MR BRI TR T
L LH (TR AL 0 4 T (T FHR[116-121] 0 GF v Btk
LG I Gl [ AP A {r A iR 0 RRP R 25
SARED w1 EP FRL 5 R *[117, 119, 123-125] » BT RpP Fa
S AR OT R IR RS AT & MR [126-127] -

2 ARBHORARRIFER T2z 5 RO ARREE T
P AISRB128] 0 Fpt b 2 F PP e AR AL ¢ A5 £ R
FraAe[126-127 129-130] > v iwi2 5 A * 84 ~ R &b FFHF B
Bl 3R oKk A BRGES K E MORR hi r B [131-136] - o @ B

Ctfefc it G ff 0 T ed FHEF Bk e v 5 & (Pozzolan
reaction)dj = -k & & f&4f (Calcium silicate hydrate, C-S-H)% -k & 4rpk
ér(Calcium aluminate hydrate, C-A-H)[134-135, 137-140] > 5 »ci' 4= %
BAEA T Y DE F V4TS P LRGSR IV T s LR S
OB (141, 135-136] » 3 ee vk H R G L cha ) 5 R fodt A (4
[142-143] -

Afroughsabet[144]F 3 R £ B a3 R EI P 7 S fBAE 1%
R R Al e R RRR BRI B R BN
TR SRS BT oAt AL TRE 0 A MR RR G SRR W
B MR RE AR R GRS o Medinal145]#7 3 % SRV LA iR & KRR ZED



S e e B A SR foRU YRR 0 R B R R oR AR R
it A PLEOR S BT R R A U e 10% 4R A BT LIRS S P FUR 5
4o 0. 0TREAE PR FAR A7 RIERRS SHRHAM L > DTS
MArpt R A o

BRGD P R RPFRET RS SR PG v PR
foig 4 o 2 éjx{hl“%“,wz}{“ ¢ A e iE[146-149] o 3 2 g R R
AT R §RAR GRS KR e SR [150] 0 et B
PR R (120 T orre LR G R [151-162] 0 gt fh 0 TR
PSR frr ARG D © G RO NP AR T REDL hdhoG B4
Koo EEE G MBS P AR w4 12 [153-154] 0 B pE
FI* HaHE G PR i IR T 0 oSl N B R R B enie 2 g
3 1% [155]

B fe 4 A3 z,\.pﬁ%pma?@pfélj(qﬁ‘fr?“ﬂ WA g F o VIRR Zﬁ%’ A
=%

%%

23



BRIR R B T g

FI8 AAERATE R %0

Wang 7 3 % % # R ttavﬁ\ EE T R URIR R AR DR R 1 T
TAMEE > FISB5LE2HF o R > adpk PR E (Y 77
FRRRY P RA R EE T 9221 3.6 P ERas EREA
B R FAPFFEEE2 m % { 5P & B 2-7#7 [156]-Dhinakaran
W@ ads R &4 (Glass fiber reinforced polymer, GFRP) 4% id
G SRR B2 GFE S ARF g B GFRP W 2 el B g

l‘l‘ﬁﬁ’ﬁ/vw 4 g#ﬁfﬁ ]40%’ Iéq’fﬁ—vr’* ot £ 3 "‘mppﬁ °

80

__ 70

e

o

£ 60

S 50

o

(1]

= 40

£

§ %

(72]

© 20

P,

(@]

© 10
0

- -= - Plain concrete_loaded

[ | - -& - FRC (1% fiber)_loaded »
[ | - -e - FRC (1.5% fiber)_loaded | ¢ ,
- ’/ ‘//
L o
i o . -
B .// A/ . -/

s IA’ '
L - :’— ~ o

- A" . m-
- 9= % - = - u- =
__._'.._u ' PR S | 1 )
20 30 40 50 60

Concrete cover (mm)

W2-T $HREL 27T P FERFRET OFBLLER

@ s%

(ﬁﬁtif;_l_ %k -b}i-‘&[156])

AR I R ST RA Y i R i3 (Micro-fiber

concrete)frfe 4 2R 5% 4 (Macro-fiber concrete) fF e B 14 o ‘w8 5%

24



2R iR erfedin gl [157-158] ~ e 42 [159-162 [ frdd X 14
[163-164] 5 de g iR 52 R ™ T84 N2 2 blded 3 oy
BB m & o **}]%‘; [163] » > A+ g * >t & % %% (Suspended slab)
[163-164 ]fr*% i 4887 (Tunnel linings) [168-169]% - @itgh @R+ g
60% & * »+ 3 = 4 (Slab on grade) ~ 1 #3 = (Industrial floor)frig B g
& (Road pavement)? 3% 973 # & 4% (Ground slab)[170] » # ¢ & it
PoA R B A d B R R el ol R AR A R ¢
e BTN U EE M AE R A A REFE L L Y S A
[165] -

R o R PR S W R fodn A AR B J B
wenig * Peat A M[171] - Ra - @ GAFLE PR rE- kP
QU A L ¥ DR B BN S sk - SRR R
Sirgace s> BT AR oGS frREOEF BEV € AL R
RS F[1T2] o Ra > Ak BB F o B S Bfer WanF 5 B E ol
RV G W RahHaRER - BT k(R 2-8~
Bl 2-9)fo— A+ = & 72w (H 2-10~ 8 2-11)[166-167] -

AEPMREY KRR P B 7SR TR ot sl de
frdb o ol MR BT E G F AR DR R TR F R PR
B FR* £ F SRR et KT U MR T ek 0 A B P R AT

oo

BRRR AL AR ey kb
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B S w A BT

P g

W2-8 = & #= + f#(Triangle office building) s & 4%

W2-9 = &7+« #(Triangle office building) s 1 s &
(Fk & i+ < jR[166])
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SRR
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BRIRE D B B g
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¥ = ® #BEHARD
- & R

AFTE TR Y 2 L fEESRM R B AT )

kor— g kok o B8 CNS#EE kg R

kiR FHEERRG AL A Type I HFORE > HALF R

& CNS 61 eh& F o 4od 3-1 2 £ 3-2 #757F o

GEAR T FA L FREL 120 aokiER RREL (R 3-D 0 B

gitEsar A 3-1 2 £ 3-2

AR FHEFRELF BBARDT BRI RES

% 4od 3-3 457 o

FelmtH  HF* B0 7 ok b H2 LA XL T RRLE 5

k340 o

SR IEREY & PREZ e E R 132 20 2nme £ 7.8

£ 5 & 2000MPa ~ sE 44 i 200GPa » # ¢t BLic @] 3-3 #7o7 o

FRPHERE Y Rl PRIEZRP ’fp;é«g_{}i 12mm~ 2 /2 0. 05mm

W 0.9~ 4% 5 & 300MPa ~ 43 B 165°C 0 H o ELAcR] 3-4 #7or o

BEA YR ER L EREZ W E "%ﬁél » 14 & ASTM C494-81 Type

GHRT2ZBHAF KR LI & 1.00-pH 5 5,14~ 7 ¥
% 18.55% # &+ 7z & 19ppm -
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£ 258 EX RS ETE)

231 kit ~BERLFELY

ELRE S R
H P ki T3 BE
kETA] mE
CNS 61-1078| CNS 12549
1 g - 2.90 - min.2.8
2 B (B F REk) m2/kg 386 439 min.280 min.330
AR min 123 - min.45 -
3
kR min 240 - max.375 -
4 R (BRUIRGFR) % 0 - max.0.80 -
5 T E(MA) % 75 5.3 max.12 max.12
B
6 % -- 0.4 -- max.20
(N0.325 ;g it i 25 &) ’

7 = - 77.8 - min.75(100 ‘&)
7| FiEApk %

28 % - 100.3 - min.95(100 )

3= 250 - min.123 -
8 | ERBA 73 kgf/cm?| 335 - min.194 -

28 % 446 -- min.286 --

30
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2R kARG
%32 kik - pEHRLI-EIL
1=
EE R S
5 B ki 1 K
k1AL | R E
CNS 61 ~ 1078 | CNS 12549
1 =3 i@ (SIOy) 21.04 |35.16 - -
2 F 1448 (ALOs) 6.24 14.08 - -
3 § i“ 48 (Fe03) 3.06 0.29 - -
4 3 i+45 (Cao) 63.86 |39.68 - -
5 § i*4£ (MgO) 2.3 7.27 Max.6.0 -
5 CsA < 8% Max.3.0
6 2.48 0.05 Max.4.0
(SOs) CaA > 8% Max.3.5
7 #4 2 (L.O.) 1.1 0.26 Max.3.0 -
8 EREEERY 0.13 - Max.4.30 --
9 7 e = 4% (CsS) 48 - - -
10 # ez 45 (CoS) 23.3 - - -
11 e = 4% (C3A) 11.4 - - -
12 dRaifs e 4T (CJAF) 9.3 - - -
13 Friv 2 5n (S) % - 0.66 -- Max. 2.5
14 Frfs B £ (SO3)% - 0.43 -- Max. 4.0

(FHE KR : 2P FR)
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£ 28 EX RS EEE)

233 FeafAtELLA5BRE

R IE P CNS3036 4= (%) HEHEE (%)

1. SiO; 50.00
2. Al,O3 Min. 70.0 28.41 85.39
3. Fe,03 6.98
4. SOs Max. 5.0 0.47
5. k% Max. 3.0 0.13
6. 2 & Max. 6.0 4.62
7. 7 »<dk (as NaxO) Max. 1.5 0.18
8. Na,0O 0.09
9. K0 0.13
10.CaO (7 &%) 5.99
11. MgO (% &%) 1.39
1. % & g/lcm? 2.31
2. R (N0.325 ;&%) % Max. 34 13.24
3. ' ARG T2)% Min. 75 86.78

S R (28 %)% Min. 75 97.84
4. F-k2#H % Max. 105 96.69
5. R (BBIWIERER) % Max. 0.80 0.056

32
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234 ¥Epmb HAIEY

ey R I e #
. £ (SSD) 261 2.60 2.60
0k % (24h) 1.05% 1.31% 1.9%
F.M. - - 2.20

el BT 1470 kg/m? -

CRINEP )

(FHR kR 2mF EFR)

W3-1 g ¥

(FR %k 2EE ER)
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B S B A BT g

W3-2 Fa&%
(FR*k: 277 ER)

W3-3
(FHR %R : 227 KR)
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BRIRE D B B g

$o8 RED g

Ay 4P ACT 211.1-91 ek - 3% B2 kX L aHe
HE AN * & F%¥He 7 AR AR5 0.4 HAERT
do o BB oK E R 20 0%~ 30%%  60% 0 4k ek R ’fﬁaé«aﬁl‘ S R
D RGRESIMAS0%0.15%% 0.3% 0 #Fmesd 2 28 l/’]‘ﬁzi

TR LA IR RS DB R & 2022cm > B R 50210cm 0 B ¢ dp R E ~ B

3D

GECAR A G e B AP G et o b SV oot SR
Bohod 35 91 o BB EL et Bldod 3-6 91 o R 2 A 2 AU P
BT TR E RS YR RE(R 3-5) 0 ¥ A EM
ok e T Wk E(H 3-6) ) BRI FIURE A BAER
%3R5 o

% 35 #RBEK

BAREBHTRE | F 2 HEARLE R

7]( 53/} L EéIEﬁIE El ‘gﬁ'ﬁp

RokEE R B K J"fv S a‘./,’l‘ v §

HES S
PR B
BHMAE |28 =
R R 56 %
v »
%K

4 B

0.4 0% ~ 30% ~ 60% 0% ~ 0.15% ~ 0.3%
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52 F REmAL

% 3-6 mzEd v (In')

'k 43 ENE BRI EREEE ARG A
i w/b
kg
CS00P00 0.40 | 180 | 450 0 0 855 855 0 0 4.5
CS30P00 0.40 | 180 | 450 0 0 855 855 23.4 0 9
CS00P30 0.40 | 180 | 450 0 0 855 855 0 2.7 5.4
CS15P15 0.40 | 180 | 450 0 0 855 855 11.7 1.35 7.2
FS00P00 040 | 180 | 180 | 270 0 810 810 0 0 4.5
FS30P00 040 | 180 | 180 | 270 0 810 810 23.4 0 9
FS00P30 040 | 180 | 180 | 270 0 810 810 0 2.7 5.4
FS15P15 040 | 180 | 180 | 270 0 810 810 11.7 1.35 7.2
SS00P00 0.40 | 180 | 180 0 270 845 845 0 0 4.5
SS30P00 0.40 | 180 | 180 0 270 845 845 23.4 0 9
SS00P30 0.40 | 180 | 180 0 270 845 845 0 2.7 5.4
SS15P15 0.40 | 180 | 180 0 270 845 845 11.7 1.35 7.2
MSO0POO | 0.40 | 180 | 180 | 135 135 828 828 0 0 4.5
MS30P00 | 0.40 | 180 | 180 | 135 135 828 828 23.4 0 9
MSO0P30 | 0.40 | 180 | 180 | 135 135 828 828 0 2.7 5.4
MS15P15 | 0.40 | 180 | 180 | 135 135 828 828 11.7 1.35 7.2
1 hBmp @ % - BEFA CRLAMKRRREI " FL7HARRL SE7HBPFRREL M ;
MERAZRERIRGL o ¥ - BE Y 2 MG 0 oS00 54 E k4 E 0% S30 A
4 0.3%-S15 3 4nif 4 £ 0.15% ¥ = w i ¥ 2 e > 4o P30 3 R i £ 0.3%
i *V%%aﬁﬁwk°
2. AR S RAFEEE R RS b0 AP E .

(p‘}‘ii/ﬁl ﬂ‘p EI‘”)

37




B S w A BT

< N W ~
)‘;ix\*l\-\-?a&’ﬂ‘,’ 1
- ]

WI3-5 -k & Edu
(FH &R : 2T ER)

W3-6 -k %L
(FHR %R : 2] KR)
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o8 BuiE e

PR AATE Fa R R A TR PR R B
E4EPBE 2 Bat A s B AP AT L SRR R B R
MR CEHNBERZ TR R FHEEE G R FUREREE T2
7= 100mmx & A 200mm (B 3-7)~ BF 24 HE < + % 3 /2 150mmx % & 300mm
(F13-8) > 2% P24 H 2 < < 5 %4 100mmx# A& 100mmx & & 330mm( &)
3-9): R4 5 RS2 B /T 150mmx % A& 300mn HEE (F] 3-8) 4 (e ]
MG E Ay R 4 5 80 150mmx 3 & 50mn > B § 4T 73

PR AR B R ER Y PR (R -1 FR -

W3-T FBPBHRFUEE
(FR %k : 27 ER)
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BOMR RS at A AT g

W3-8 B RS
(FRXR: 2P HR)

W3-9 ot RIS
(FR %R 2P ER)
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Yr & mmdEgz g
RERGEMEIE BARS EE ATTRED fet o JUr SN R T B
o foi W R G E > B e 2 Z 2 B A AT
L #kiR 2R 2L F BN A feR g5
2. Fex 1/3 e aing R .

3. Mok(REHMAFE KL, WEHB ) E > oy BR o Ld e
L o L 7% - A
4, LA 1/3 chgamg Rk o

,frﬁgﬂl_lf;f,;ﬁ_,%?ﬁbﬁgﬁ;;;g,_g B R RET Ay 'T'g7 KR j}{»gq)\;}i

o

ik
L
54

»k
W

5. 4 T 1/3 ek o g Rk
4, Fetodiqods o $ 5 - S o
5. Bk AL T Ay o U PR e F ]~ e p BR o

6. Kabs et » Hfo— A4 -

BRI EJer 18 0 B - ISR TR R % (B 3-9) 2 B AR R
(B 3-10)  Bepur ¥ Flizd i - RRL »a KR T NG H S F 64T
T YW R S PUREM A B 3-11 A7 o7 FHON IR P 37801 (B
FFI2) % E»FPEF R FE > FRHEVLDPFEFFRER 2 BFH R A F
o
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SRR RS A AT

W3-10 #rRE I 2 R ES%
(FHR %R 2F g FR)

W3-11 AR5 2 B0 R 5%
(FH %R : 2P ER)
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SRR w AR g
I8 RBREAFEIERDZ
- %R A
AR G AR Y B RR w4 R RBIERIT D § R
FPURG R FEK AR RER YRR R RS TSR R
LERE ) ¥ IR W e FHEBLRESR > 2 B AT X sa (@A
EDS) A 47 :dsk % » 4 & 8 * g R B F WP 40T o
(1) Rt Hahd o L3 Ed &2 3V A EE 9
0.02m3 > 4B 3-13 #77% -
(2) A KT FEdhEfodd g * KT Fh L350 Fhiln L
WY RS540, In3 > 4oF 3-14 57 o
(3) FacHiddts b~ P L5 1807 ¥ =Bt 4 24404
j{“ v 4oBl 3-15 AT o AW A AR U FREI FURES -
(4) 4 BB kB & BBV 44 0~50 kg/cm2 @ & B4-B 3-16
BT o
(5) P B Rt #dig 3 3 F 0 4 3% P Rk R B4R 3-17 #7
o FFOVERTR JRd RRE DT EE 6L R
TR RGE BHORL R B~ B Pk
(6) 4 7 3 Bt (SEN) @ 385 &k B4oB 3-18 #1ro7 » & ¥ b PFiE (7
EDS A 4

(7) Ml dse SA R 0 % LR RIGEREE MR 6 &R TR R
B % R B4R 3-19 o o
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W3-15 s3I N kT o (FR XK 277 KR)
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SRR R D w A AT

|||||||||||||||||||||||||

I;f... /;’ v
FI3-16 5 i 4 sk . = :

FauHPEEe (FRXR: 2P FR)

% =

W3-17 BB #% R
(FHXR: 2P FR)
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W3-18 P § 3 7 %25
(FR XM 2T ER)

M3-19 #H XTI B (FRIA: 2P {KR)
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SRR GRS AR

W3-20 e s AR
(FHRXR: 275 )
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A
2.1 REI BB RFR
ARG AR 28 % d g pF o ik (NS 1232 MiR gt PR MRS R 2 %
2R AR (B 3-20)
(1) 3R 52 A R P I B 1A
(2) 4 FHAIFILGEE > =P EFT L o
(3) %% F4e-k4L3 > P EMaTER > ¥+ 3t
GO KT
() 22915~ 8% Ticis » #3247
(5) #-FHLF M ehphes B0 F @548 F AR PhNT ¢ s 0 o R RAF
150 kg/sec @ 5% 1 FMAR G L o el R 2 B A PE O B EF R
AR TR RS 2R R

FAREREF 0 ETE

kot
“F

W3-21 R FURR R PR
(FH KR 2L ER)
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B S w A BT g
2.2 BEI PR R FR

ok BB g g o Y F AR A KR EE(300mm) > E #-TFE P E
B2 4 e (FEE 100mm) v B »0 3240 1 2 0 0= A BEVE 3 e (ASTM CT8 > iR e
Bl 55 R 2 HMRERE ) > 4of] 3-21 A1 o WIERE M E X SRt A 4 HEd A
AR WIIESRT L SR 1Y Hed SR MR R o MR R
B PEIE (T o

Sep 30, 2022 11:Q

W3-22 R Fu s A B
(FRXR: 2FgER)
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B
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9.3 R EPH R SR

= .fif'_jﬁa Wz gk R R
R "”‘6"{;1 Skl A 2k
ﬁﬁ%ﬁﬁﬁﬁg’®~¥$ﬁ.é$%#%%m,wcm3%1v~
RS 1 ﬁ”%‘r@iﬁ}i Ao AR (Ao Rl 3-22 477 ) > R RS R
) - 2 “/g_ g oL 7T y =X 3 v o
RS TR SiP PR R R
/"‘/}'i‘l &¥7J 5&2!:7’7—@/
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SRS B AT g
2.4 R 3 lg'épé‘

ROk A R B fSFE > BB ENERREHR KRB 3-23) > BokE%
kL&D T ﬁéﬁnﬁzz\ VAN G BRSO J‘ii'f’r??ﬁ#%ﬁﬂiwii AR AR D
SO IR F i R I R E AR PR & I ﬁwfi TS Ak e ViR 0 Ly 6T
kgf/cm2 ~RBRRIRFFEE T THERMETRT k7 RENRE  EUF F RS
kgf/cm2 K BA » F M > FH BRI PP IR MEPEE kRG22 L2
BOoRSE M W g 24 P PSR E > BB RRREEER I TR E 2 B TS
TOFTERRIFES o A FERE UL HRBRKFEF o

<K
=

W3-24 R3E2 B EE%
(TR kikh: dP 7 HFR)
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h\

¥ ARG

AP FEE RS SRR L SR ONS 14795 Rfeefmiplerzt ¥ - 2 ONS
M RREFE FRMTASL AT ERT AP EERR IR EZ AR

EN NI

A. FRE T IR

AT T 100mm ~ B & S0mm 2z R EEE TR & T RSB R% 0 BT #
FHENREFFEEY (R 3-24 7 ) R E SR EN RS 54T 120Pa ¥
BEFELZREZ P FE R RAE RS R AR 2 F ok~ E 2 0%
BN BRI PRI R AEERE L PBEEME c EXRFMPE %
FHEA ROk 18 ) S4TSRk o

:\w_rs\-

Mg R ATRERP D BRI MR R X ONRE ) o Rk h e 3 B R
S

A MEFOT R A REENREWO B FEME TG ] BT (20 56
) o Ao 320 #ror o M- RIZ B 0.3N F F 40 (NaOH) 3R > &5 Bk
— IR 2 3%& -4 (NaCl) 3 v £ 5K k2 B34 60 REFE T R »

VB E IR 30 A dhedr 1 AT NE 0 - B Ples 6 ) L O 0 BT EIcR
3-26 #7m o

C.3Eessid

W 30 AT IR THERA TN 3D TREEAFRTE

Q = 900(10 + 2130 + 2160 + 2190 + -+ ZIt + -+ 2[300 + 1360) (3-1)

¢ Q5 RuiET £ (coulombs)

[o 2 47407 on (amperes) ti » PR t PFend on (amperes) e
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BRIR R D B BT g

FRMEET E 9Omm pFood 3 3D TEROJEFTEF LB L o B
T 4ot (3-2) ¥ Rl BT R B R 2R RN et
0. =0 X(95)2
s = X x (3_2)

P Q= iEE S 95 mm AR ET R(EG)
Q =i BB /L 5 x mmEWNRIETE(RL)

=L X8 /T (mm )

FBERVRREZ B R THREERT F LR 0 & CNS 14795 RppEik > &

¥
R S PSR e S ST CE S

23T #F5B8 AR ETEMR
WiETE T AR
<100 AL
100~1000 -t
1001~2000 6
2000~4000 ¢
>4000 %

%+ CNS 14795

(TR KR 2P FER)
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EE:
(F#%0 2R g )

W3-26 B & ~-R2E B84
(FH %R 475 FR)
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BaRsgd et A By

W3-27 P & 33 T A BEHRFYT X
(FHRXR: 277 HFR)

2.6 ¥ 3" T F BEASL(SEM) @R

A @#Ew ER

P RIE R FMISRRE AT S R Rl AR B RERFRSAT S
BEMCBUBLIRI 3RS » PTHR 23R RE M- S B bR T TGRSR (TP o SRR M LRI R T T
IEAE S O

(@) ™M T FEBCN R ERE T AR Y > BB AR ks R EE
ok L@ EE R MR BARMAFEINN Z 10

RAEMMA L WERTBY - REe"BLFBARHERAMNZRZR2
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?}
h\

¥ ARG

a5 e
(b) #B— | PEIS > {HFTHMER T B o
© - % (H#AERT -
(d) i 7 & T HORLESR T > HF A T R R B £ 11085°C 448 A
Mhrs B TE T 2R K
(6) {7 HCBLIE o

2 EZicfr P g o

B. T ¢

Rt g BRGS0, 3em 2 EM 0 B TRk R TR
B o K A2 i (500 rpm/sec) ~ FEEIEALY JF R K E F R A o BT
FRARACTT S
(@) #sftR e » B FFEATR Y 215 120 4§ FEIERIUE PR
IRIES SR FA LI WPy S

(b) A ié % 2 BYIE 400 % 0 600 § + 800 % » 1000 % » 1200 % » 347
T hE SRR R G

() ¥ Pk > HREF L AR @E ] - Pokp oy L2 K

S

ik A E2ZAFe ] 50 0 pek PR e M kB R
d) #RWELI 26 LFFFELTT -

C. SEM gLirl# 3%
*iEE% Y 2.7 st (Scanning Electron Microscope, SEM)4cB] 3-18 #7177 >
FITREGHRZ L RET T A3 BinFm o d 03 Ae s - BT &9
THABRAETEET AL
ﬁ,%&r‘r :
(a) 3RS FA 2T FR b R 1S R RT o

Aol T BRI ot s st g (CRD T - 5%

(b) #FMAFE T dom 2 FRAE L - ¥ 58

z
Fo URERE TS RTERE 3§ A R S Mk B

w

FEE
P

w
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BRIR R B T g

© MEZEMEZE B - B 5 X208 g

(d) 44 EWrdil > e r TIMEY P L - AR I ZEITFTRAR

5

o
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2.7 Her R RIS

HMOAH R AT R R R R B B U R AR IR Rl
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