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{ SUMMARY )

Purpose &
Contents

—Purpose-
Boron(B) is as known as the element which has high thermal neutron shielding
efficiency, and the higher thermal neutron shielding rate as increasing boron
contents in alloy.
The borated steel, as the conventional neutron shielding material, has low boron
solubility. And, the corrosion resistance is drastically decreased by boron
intermetallics which is precipitated out after boron has been saturated. Therefore,
now, maximum contents of boron in conventional borated steel(crystalline
material) is limited around 10 at.%s
Generally, radiation shielding concrete mixture is mixed with boron-carbide
powder(B4C). However, as increasing boron-carbide contents, the mechanical
properties(such as. strength) is getting decreased. Especially, if the earthquake
load is initiated, it is caused crack initiation by the decreased tensile strength
below the design strength of concrete. Therefore, its lower strength bring could
make lethal issues such as the radiation leak and unstability of construction
structure.
The purpose on this researching project is development of the concrete
reinforced with high boron amorphous steel fiber which can solve these problems
as mentioned. Thus, by developing the high boron amorphous alloy with higher
contents of boron (>20 at.%), higher strength (>1.5GPa), superior corrosion
resistivity and higher cost efficiency than conventional borated ferrous alloy and
the high boron concrete with a mixture of boron contained materials, the
developing new-type of concrete mixture with optimal shielding efficiency and
strength

-Contents-—

<Developing high boron amorphous steel fiber>
Fe-based high boron amorphous steel alloy designing

- Fe-B-X-Y-Z (X, Y, Z; alloying elements)

- Manufacturing process : modifying melt-spinning process parameters

- Performance evaluation
GFA : glass transition temperature, crystallization temperature, melting points
Mechanical properties : tensile strength(>1.5GPa), elongation rate(>10%)
Surface properties : cement/metal fiber interface reaction, corrosion reaction
Optimization of Fe—based high boron amorphous steel alloy

- Observe the changing properties of amorphous steel fiber in the concrete matrix
environment

- Modify the alloy compositions for improved properties of the amorphous fiber

- Optimize the manufacturing process for the amorphous fiber.

<Property evaluation and optimal combination drawing of admixtures for neutron
shielding concrete>
Evaluation of reactivity of neutron shielding admixture

- Pozzolan reactivity evaluation of the concrete with borosilicate glass powder

- Interaction analysis between boron—carbide and portland cement
Calculating mixing ratio of neutron shielding concrete

- Evaluation of ASR reactivity and Pozzolan reactivity

- Strength transition dependancy of microstructure

- Defining mixing ratio which minimize loss of mechanical property

<Development of neutron shielding concrete with high boron amorphous steel fibers
and mixtures>
Features of high boron amorphous steel fiber reinforced concrete

_5_



- Selection and evaluation of concrete mixture materials with the neutron shielding
property

- Evaluation mechanical properties depending on the fiber's aspect ratio and
percent of the fiber
Evaluation of neutron shielding efficiency and mechanical property

- Determination of optimal mixture ratio

- Evaluation mechanical properties

- Evaluation neutron shielding efficiency

—-In part of technology-
High boron amorphous steel fiber reinforced concrete could secure the
opportunities that are the development of new-type of construction materials and
domination the construction market in advance
The usage of a high boron amorphous steel fiber is not only applications for the
neutron shielding field but also reinforcement goods for any structural materials.
The amorphous steel fiber in a shape of ribbon has seven times the elastic
deformation of conventional steel fiber, and, superior flexibility property.
Therefore, with maximized mixing efficiency, the amorphous steel fiber could
allow to develop new-type of the steel fiber reinforcing process and materials.

—-In part of cost efficiency-
Import-substituting effect and expectation of exporting of the technology and

Results .
materials
- Prospection point
* Export : neutron shielding materials and technology
* Import : patent-related goods
Marketability of the technology

- From now on, it is predicted that the market related with radioactive safety and
waste disposal will be wider.

- By providing direction guidance of the nuclear plant industry and
related—technology market, the technological advance is predicted to the global
applications
Influence on the development of industry

- Based on this technology, the activation of material industry is expected to
activate by applying and transferring technologies related with neutron shielding
Construction industry for nuclear plants and medical facility

- Concretes with superior the neutron shielding efficiency and mechanical
properties are plenty of applications for nuclear plant industry and medical
facilities
Radioactive waste disposal

- It could be alternated borated stainless steel by Fe based high boron alloy which
has superior neutron shielding efficiency, corrosion resistance and mechanical

Expected

Contribution

properties than of the borated stainless steel.

- Alternating and strengthening of conventional concrete structures which are
applied at nuclear waste storage facilities.
Steel fiber reinforced concrete industry

- The Fe-based high boron amorphous steel fiber has excellent mechanical
property, corrosion resistance, elasticity and flexibility than the conventional steel
fiber. Thus, it could be widely appliable to steel fiber reinforced concrete

industry.
Kevwords Amorphous Shielding Fiber Reinforced Boron Neutron
yw Steel fiber Concrete Concrete
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(US)09243229

Advanced neutron absorber materials

Bechtel BWXT Idaho, LLC

SYNTHESIZING IRON-BASED AMORPHOUS ALLOYS

(US) 11595623 Corrosion resistant neutron absorbing coatings Choi Jor-Shan
Amorphous metal formulations and structured coatings
(US) 11598940 ) ) Farmer Joseph C.
for corrosion and wear resistance
|RON-BASED AMORPHOUS ALLOYS AND METHODS OF )
(US) 12426769 Saw Cheng Kiong

Stainless steel having excellent thermal neutron

(US) 08984689 ) o Sumitomo Metal Industries
absorption ability
(KR) 23CIE &2 UM &2 A3t SeH1E EZ&s SHEALMESIHAIEH RS
2011-0024136 g Als XtH 232 E =482 SHRFOHSH W Atsre et
(KR) . - -
MNESHAZ 45 = HEAE2 232E &7 st=2 st d3
2012-0033516
(KR) BALE XHH 2EE X442 3, el3a. (US)
2011-7010297
(KR) 2% 2os SIS XA XIH 2ICEE SO
MZAEYE, ol 2oted M= 20 & 0/ olgst st=20sh =4
2008-0097737 ° e
232l E
(KR) _
BEARS XHHIE A&
2005-0056880
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(US) 2001-790031

Antiradiation concrete and antiradiation shell

Framatome ANP GmbH
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Radiation shielding composition

Bechtel BWXT |daho, LLC

(US) 1998-030614

Process for producing an aggregate suitable for
inclusion into a radiation shielding product

Bechtel BWXT Idaho, LLC

(US) 1981-261750

Device for receiving, moving and radiation-shielding
of vessels filled with expended reactor fuel elements

Deutsche Gesellschaft fur
Wiederaufarbeitung

(JP) 2012-173415

BERER I —T « > T8
(ZAS XtH 2E £)

TOCALO CO LTD

(JP) 2012-164049

BAKTRY B RS RERA 2> 2 )~
(=2 S& A JHE 232 E)

OHBAYASHI CORP

(JP) 2012-085658

BERERI> 7)) — NEBRBRE L UFRIDOEERNE
ZALE XHH 23CIEM I ¥ LSEEAL 2te| Y

FUJITA CORP

(JP) 2012-112099

B EERYNEEE

(ZAtE HOIE =8 8J1)

TODA CONSTR CO LTD

M IRERK > 2 ) — b

(JP) 2011-220286 o SHIMIZU CORP
(BtAFS XHH 232E)
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hdte vhre] dge] AAE Ed® Fen BsMoCrs (x=0, 5, 10, 15, 20) & 2AelA F4574
2 AFREE % x=5, 109 T 7|RoR St 24 HHSE Y I 28E Adg

o

AR

Eg 17k 949 Crel Ao AHES B HAHo 24 FopdoaA, g g
4 o :l,

T T ‘_]_-
AA2E 7Ig & QdE wEbA, olE viEe R 3 HA A4S 3] S8l okl mel ol 24
< 24395
¥ 1-1 4A9 g9 =4
at.%
Fe B Mo Cr
Feg:BosMosCrs 67.0000 25.0000 3.0000 5.0000
FegsBasMosCreg 66.0000 25.0000 3.0000 6.0000
FegsBasMosCrz 65.0000 25.0000 3.0000 7.0000
FegsBasMosCrg 64.0000 25.0000 3.0000 8.0000
Feg3BasMosCryg 63.0000 25.0000 3.0000 9.0000
Algd Azt
HgaS 0g8 7oz sto] fast 949 FAE SAHSA 7 dias 9% ¢k
7M. B2 S 0] 83135 (Ferro boron, Fe, Mo, Cr)
ElEHgo] 23 ol 2 9]7]0A 53] WES sto] HA o] 77 EE .
2 melt-spinning B S o435t Ageld o sldss FEldY AERE 40m/so 2 748}
o] 0.
=i

E;}% Xﬂﬂ 2R ALA ARG AW e AP E 9E 1% Argon gas w9174 AF
o

‘H‘%‘ﬂ%ﬂﬂiié w3 ke P F3 FAE AT A3 44 062 - 074 mm, 0015 -

2359 XRDv w2 FHE e 8jAd e 2om AEE A EdtolE FEhe] 49
5. 1 °]% XRD D/Max-2500 (Rigaku, Japan)= ©]-83F4 20-90% 7HA] 7435
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High purity
Ar atmosphere

Tungsten
carbide tip

3% 1-1 Arc melting furnace ¥ E3 &

Y 1-2 Melt spinner ¥ 4%
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Intensity(a.u.)

® FeB
4 Fe
CrBz

—

20

50 60

2-theta(’)

70 80

I 1-3 B33 XRD

XE Cro dxA24& 43

X=

3

© —

s =8

(72}

& _

i x=
X=
X=

1 " 1 " 1 " 1 1
90 20 30 40 50 60 70 80 20
2-Theta(’)

a3 1-4 FE XRD

XE Cre 9xA28 &3

=443 B3kgo] A% Cretao] S7kstel| wel FeoB 9 intensity7F 734892, ol& B Cre
F2 AR s FeBAe @A Walzt wo] 91 Ayghe] v vkl Az, 53,
Crz} BY Athzel B85 g3t 5 Agx Ao 7HsA e XRD peaks 2+ A3 CrB,
ol AFES & F AU o, BTl Felt) Cro] Bote] 8twrt $-4=5to] Yepd 2
e} Azt

i) A BE Ao s vAdR ddE ogd A Be Cry st o3

=
=
B

57 go} hehd

HIAZA m AR A GAE Aol Fate] dxb AmES &3 AAso 2l
At A7H.

- BAA gE o 97 EA XL DSC Pyris Diamond DSC (PerkinElmer, America)E ©]-&38}5]2
M, 630 C 7}4 40 C/min ¢ £E2 395 Edas 884 9 &ds] dA7)F He 2%
5 Yoliy] g8 DTAE & SAsIdom, AMEst A= SDT Q600 (TA instruments,
America)® 1300 C 7F4] 10 C/min 9 X2 52392

2.0

Heat flow(endo.)

Fe_ B,

63725

Fe,B,;Mo,Cr,

Mo,Cr,

Fe_ B

6525

Mo,Cr,

Fe,B,,Mo,Cr,

Fe B

6725

Mo,Cr,

Temperature difference (°C)

550
Temperature(’C)

a9 1-5 & DSC

1 1 1
1140 1160 1180
Temperature (°C)

a9 1-6 285 DTA

1200 1220
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- Créteol we} 2A3 £27b A5ets AL DSC
Cro] &2 3 w9l
a-parameter = YER.

¥ 1-2 248z 4R35 &5, §4, 9A 3 &%, g-parameter

AH (J/g) T, (C) Tn (T) T, (C) T/T)
FegrBosMosCrs -119.72 552 1161 1191 0.4635
FegsB2sMo3sCrg -118.34 553 1172 1193 0.4635
FegsB2sMo3sCry -120.04 558 1178 1197 0.4662
FegsBosMosCrs -117.83 562 1179 1198 0.4691
FegsB2sMo3sCrg -113.93 568 1183 1203 0.4722
EEE

2 Qe Polir] $18ko] a-parameters AR A3, ASH o Frka A
9_131, ol Cr&tHo] Z71e4= v|AZA Ao oAz} Ay oty ALgH.

. A E=AE (Potentiodynamic Polarization Test, W|=f, Princeton Applied Research, Parstat
2273)

- 35 wt.% NaCl a2 9171914 22 JH= 49 E5A18s ddstiion, SAEEE ImV/s,
S -025 7 15V otk A ofegfo] 19 1-8 % 1-3 & 25

| Reference clectrode |

| Auxiliary electrode ] | Waorking electrode |

Solution

—]

a9 1-7 A9 £34Y S471E AW 2 BAE
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a9 1-9 AARE AL 98 EA7)7) (ZWICK Z100, ZWICK/Roell)

Moving
Crosshead

STS 304

Amorphous ribbon

80 mm

a9 1-10 9A3F= =4 94
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x
n
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ANE8dHAM

? FMeEET
ng nyl G-5O50 Fax: DSS- ]7‘9-6&50
||Ilp THC N8 e kr
HE AT 2015000688 AMEEFE A 2016-08-14
ef = 7 2 deiE dEsd MEEERAL: 2015-06-15
CH PR Al 25 O &1 2 RO &)
Aot AEE S A
A B i Fap0B3Mo0cs AgeiE 25 26+ 2) 0, BT BT £ 5 % AH
A8 &2 it
MEEMH N REHT
W
AEE {rvund {rrev) {iPa)
FattEahosCr=1 o2 0.75 2797
FedlBiMosCr-2 (021 .75 RE1
FeflRMoBC-3 DT 078 2749
FedBE3MaT-4 0320 075 2554
FesOEme -5 0018 Q.50 3465
°| 3 -, 0] AlE@Eds [REP L HA B AR Alﬁf_gﬂ oF BHEE A L},

2o BAIE MEZ “l" Honeo THelg mrEgch

e
3.9 E2EME B A E R AT B0 UF B8 4 £ £ E F alg-rh

SR I SHYX HEH®

MR o{ﬂﬁ. “r’f E-fal © rath@nst ek

et 063 159

RIST= &M Ds A

-

&5 MOLL & 5 H0IK

1% 1-15 FegsBasMosCry a9 AFAE HAE HAX

el A4S Al Y-S 6em® Add F, & ¢ lemE Ho|ZE o] 5
I

7] 3 vlolagwn|E & E=at 2R guia)e] ok
= A5 Hale ol nlo]aRuEH
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a9 1-17 A A4 AHEE who]AZH[E

faceplates
D
e -~
R -~ e = _a
— -~ D—-a
» fiber . D : Faceplates distance
—_— O S d : Thickness of sample
& : Bending strain
d
a9 1-18 F3 dde NE 2H= B 4
X 14 Feg7B25M03CI‘5 }—/‘6]9] :I'EILQ ﬂ/‘\l% %‘% Eﬂ O]H
Cr5 1 2 3 4 B 6
d 0.024 0.022 0.028 0.029 0.023 0.021
D 1.44 0.06 0.07 0.87 0.07 0.05
ex100 1.69 57.89 66.67 3.45 48.94 72.41
7 3 9 10 11 12 Avg.
0.029 0.028 0.023 0.023 0.023 0.024 0.025
0.89 0.97 0.07 0.05 0.86 0.05 0.48
3.37 2.97 4894 85.19 2.715 92.31 19.63
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X 1-5 F653B25M03CI‘9 "6] -’] —7——?‘:] ﬂ}\‘_ z:‘s.% Eﬂ O] E']
Cr9 1 2 3 4 5 6
d 0.026 0.024 0.024 0.067 0.024 0.024
D 0.065 0.08 0.07 1.943 0.64 0.96
ex100 66.67 42.86 52.17 3.57 3.90 2.56
t 3 9 10 11 12 Avg.
0.023 0.023 0.023 0.024 0.023 0.024 0.023
0.06 0.07 0.67 0.7 0.07 1.47 0.51
62.16 48.94 3.55 3.55 48.94 1.66 14.07
- Cr go] mobxla} FAol AAlgo] &% siatghs &9 & 4= S5 Crol HAA AeolA &
AR 454G, 5 Bokel $EAGo] Fenth 27] wlio] thehuitia 47,

vk &9

- Cr £&9 HA3E 93 Aol 8at.%9 Cra T EoATH T8 g9 #5HAn
10 at.% o] 22oA 8 at% FEZE Cre 4S =9 H&o AR Qs AAd Azt 7Hs38H9
. B3 1.5GPacl’de] 1782 matrixel Al HIAFA 229 pull-out EE F3 7IE A
Eo g Fdds =4 —’F AeH olg Fol AFAR AR a4, ASE T A A
1= #AagE Fote $4EE HAas & ¢ S Aol HHEh

2. #7h A9e 9% AREA
7 ARZA P
- AHEY, BASH, BE % 5o BEA 2RAAAT $5F 54 444 A5

P gAo] AnEYS. olof wel GadoliniumS H7}sk HA
=

F-ZA= Sciencedirect @ Sci-FinderE &-83to] 2133}

L ZAME Y 4
- =Y g UES 2R 7t 98 FolE AElEkd e
e A A FET NE
1. Influence of Gd element on corrosion
The Journal of .
Influence of resistance
o The Southern ) ) ] )
Gadolinium on The Afr - In mild steel : Corrosion resistance 1s
Tican
Microstructure and ) increased as increasing Gd contents up to
1 ] Institute of
Mechanical L 2 wt.%
] Mining and ) ) )
Properties of Steel - In STS : Corrosion resistance is
. Metallurgy ) )
and Stainless Steel gradually strengthen by increasing Gd
(Apr 2012)
contents.




- Passivation region is observed at the

potentiodynamic test graph.

Fabrication of Gd
Containing Duplex
Stainless Steel
Sheet for Neutron
Absorbing
Structural

Materials.

Nuclear

Engineering

and Technology

(Oct 2013)

1. Thermal neutron absrber
- B : Contemporary thermal neutron
absorber
- Gd : Much higher the effective thermal
neutron absorbing cross section than B
(49,163 barn vs 745 barn)
2. Solubility
- B : Up to 2.25 wt.9% at steel
3. Alloying technique
- Use HF-induction melt furnace with
high purity Ar gas atmosphere for
protection specimen from the oxidation.
4. Gd alloying
- Gd precipitate at the inside of grain
than grain boundaries.
- Precipitation of CrxCy on the grain

boundary is much prior than GdxMy

Neutron-Absorbing
Coatings for Safe
Storage of Fissile
Materials with
Enhanced Shielding
& Critically Safety

Materials
Science &

Technology

2007 Conference

and Exhibition
(2007)

1. Effects of boron in amorphous metal
- Enhances neutron absorption capability
- Enable alloys to exist amorphous state
2. Alloying elements
- W, Mo, Cr :

resistance

Enhancing corrosion

- B : Good for glass formation and
neutron absorption

- Y : Lower critical cooling rate during
glass forming process

- After exposure to the high doses of fast
neutron irradiation, the amorphous
structure of material is not changed.

- SAM2X5 coating(amorphous metal alloy)
are three-to—four times higher than of
borated stainless steel, and twice that of

the nickel-gadolinium alloy.

Development of
Gd-Enriched
Alloys for Spent
Nuclear Fuel
Applications—Part
1: Preliminary

Characterization of

Journal of
Materials
Engineering
and
Performance
(2003)

- Gd : prevent the long term degradation
of material.

- Poor solubility at FCC and BCC
matrixes,

- Gadolinium is so reactive that it reacts
with P, S, O.

- In stainless steel, Gd intermetallic, (Fe,

_46_




Small Scale Ni, Cr)3Gd, is forming and, it will cause
Gd-Enriched depletion of Ni, and to enrichment of Cr

Stainless Steels (the matrix will become ferritic.)

Corrosion and
Wear Properties of
Cold Rolled 0.087%
5] Gd Lean Duplex

Stainless Steels for

Engineering direction; ST<TD<RD
and Technology

) (2016) - Passivity was not formed.
Neutron Absorbing

Material

Nuclear - Corrosion rates according to the rolling

t}. 4
- Gadolinium< #7138 F57A1= AR FA A A o] et on mild steel)
ol H7IA F2 A&so] 28 7 Aoz deF,

o %
A A AL U8 G4 %6}

(=)
mlo
ofs
ol
ea
O
L
QL

o] Gadolinium< A A ZHH 238k )L
B2 Hage doz A9 T4 s

[e]
45

qA wt.%

A 7}ystelof 3

|=] 1=
T&} —1*3

- Gadoliniume 23 £&37F WAZ Advjolnjo] et shed Rt FSstee 24w o] thefsl
)

3. 22 E F7F A9

7). dEzA AR

- 919 ZAM A GdREY =4S T AFE A T A
- Ni¢} Cro] ¢l Fe-based WA ZoA o] GdE 238 HAE
= g AAA o] AE addh
- HA 24 AHS Y8 05 at.% GHE F7AIIY S Az
E 1-6 AA"E F=9 =4

at.%
Fe B Mo Gd
Fe7BgisMosGdys 72.0000 24.5000 3.0000 0.5000
FenBoioMosGd, o '72.0000 24.0000 3.0000 1.0000
Fe72B23,5M03Gd1 5 72.0000 23.5000 3.0000 1.5000
FerBosoMosGda '72.0000 23.0000 3.0000 2.0000
FenB2sMosGds 5 '72.0000 22.5000 3.0000 2.5000

f
10,

Beae 0gs 7oz sto] hast 9449 FAE SAT 7 AT 9%
B boron, Fe, Mo, Gd)
- HE}%O] J‘—’E%Hﬂ 0} = 710 53] HEE sto] Aol A7|A] Y=
g
]:]

a{il
o

& olgate] Aglon ek Fo Wo AEEE OmAOE f
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&
A=}
- BEF A4 P A AN ASF Bl A 98 LEE Argon gas #917]014] 4

X 4=
- mEFEel XRDE EudEe wsm o4 eie am AR A Sdols Felad] 29l
1

°]% XRD D/Max-2500 (Rigaku, Japan)& ©]-§-8}¢] 20-90% 714 &%,

L 13

= = Fe, B, Mo,Gd,
% }"—}‘ Fe?:B:;cmoscdto
- o e
% = Fe B, Mo.Gd,
- -H-—_._,___,A_
Fe B, Mo Gd
—-____,___A
FeT;EI;HI'\.ﬂt]sIGClCFS
20 3‘{] 4;] E-I[I SID '."ID BID 90 20 3‘{! AID E-IIJ -E-ID 7‘0 BIO 20
2-Theta (°) 2-Theta ()
a9 1-19 23 XRD a9 1-20 & XRD
- X33 XRD peakoll Al Gde] o] T71E Fe-Gdd 2 Moo| #HEH A=, ol Moo &%
do] T Y4t Egdol vjg Fo WFor Ang e Jx5ye] Aol Beby ol
JH o §HE gask Bk 42
- 23] XRDE Aol B 97t Efde] g8 & GdE7Te dFor A9kl vAA
2AT2E Jehle AS 2T 5 IS

- A PR 9 B4 BAL
W, 630 C 7 40 C/min o $EZ FLF BEFS §44 2 948 At HE LED
1

olr 7] 98l DTAE &3l A9 om, AH8-3 1= SDT Q600 (TA instruments, America)2-
5

o

)
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Fe B, .Mo,Gd

72725 3 25

' o4 T. T
—~ | F&;BMoGd,, § Fe,,BysMo,Gd, (.
g 5| T
CIC.) Fe, B, Mo,Gd, ¢ g W
3 5 °r TV T
g Fe7ZBZAN|03Gj1,U Q‘_) Fe72823 5N|03®1 5 * " *
§ ‘g | . . T T
T | Fe,B,MoGdy; 11 Fe BZA.OMO3Gd1.0
g or T
|G_J Fe7ZBZ4,5Nk)3&j0.5 §
I 2 1 I
500 1000 1200
Temperature (°C) Temperature (°C)
a9 1-21 8& DSC a9 1-22 283 DTA
- Gd 3ol wheh 243 LAk FE S DSCIUEE Ba) & 4 98, olefd An Bo
Cro] =2 2shd w&dl Aox Add, ofefe] i+ wdw 243 2% §4 dAs 2= 4
a-parameter = YER.
E1-7 24%, 2448 2%, §4, 9A S &%, a-parameter
AH (J/g) T (C) Twm (T) T, (C) T/ T,
FezxBossMosGdos -102.41 551 1109 1174 0.4692
FexBasoMosGdi o -94.57 570 1105 1172 0.4868
FeznBassMosGd; 5 -112.75 579 1111 1160 0.4993
FezBasoMosGdz g -103.65 587 1110 1155 0.5083
FenBoosMosGda s -91.06 589 1114 1133 0.5196
- a-parameterg AlLtelE A3 Gl kol Frbel HldElshe AES SRIgh o], GdeF BF Y4
(Fe, B, Mo)®] A7} obd et Avteba 449247 Gdshe] E£3ae s &9
99 e RS 25U
A9 22 A
- 35 wt.% 9] NaCl&9olA ai97]el 7MA A38S Adgatqion, 22es)o AHe= 54
9 ESAIRS Al
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- Gdel A7l FAFOl wet w4 AfTh dadh
2

—#1
02— #2
#3
—#4
— #5
LL
O 04t
N
4
b S
S
£ 06
9
o
08 |-
AR | " sl " sl " Ll " sl
1E-9 1E-8 1E-7 1E-6 1E-5 1E4
Current density (A/cm?)
a9 1-23 549 549 437
Current )
L ] E-Potential
Composition density
5 (mV)
(A/cm?)
#1 Fe72B24,5M03Gd05 7412X1077 -616.054
#2 FenBosoMosGdi g 6.208X1077 -664.317
#3 F€72B23'5M03Gd1_5 4724X1077 *643992
#4 F€72B23'0M03Gd2_o 3.796X1077 -606.426
#5 Fe72B22,5M03Gd2,5 3370X1077 -619.059

E1-8 %4 A% 2 A9

A 7F BR8] gadolinium oxide’} Al FEH

o]
F52Q) B Hrjd Ao} 919 ANE EEFATRL A2,

. @ ¥ +polymer matrix ¢ 5AA ¥ H7}

v &3 polymer matrix® EFAE AA vAA e o TR HZEE AL
polymer: cold mounting & LA} 4491 polycoatE AFE3I0.™, Al#He A7]+= 5cm X 5cm
X lem 9 GAMZE #de] AJAE A&ste] s m2stA A (KRISS)o &3 T4 Ade
MAm-Bes AHgElglon, A4 WEE 2334 X 10° s, FFEIE 20% 9 oM Al
AFAA AEVIZE SPO He vldAF71E AMEsl9 o gus s 3163 om?, & B3 =
20% © Ass 7M. 5497 dEv)e Abet FAAE Ads] 8 duRE AL U
s Cde AAAZ. AHe 4342 Ad3k AE7] Atoldl w1 D71 FHo 4550

= al
ojwjo] MeAY = Al FA wel depAA . T3 doinag flete] ddARE dAs)

N
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A & SAT oA, HFHA s AHES 7] Tl A5t
AEEH Aol EATE w9 HEE9 HlE ol&dte SAT
Contact

{’) > il .\H‘\
i \
241Am-Be

1
&

.

—

e .

Poly ethylene

Meutron source

Thermal neutron

detector
a9 1-24 @FAA AHAE BA=

(a) 244 Fu AR
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Ao Bu AR

=
=

(b)

FH AL ()

=
S

3 F2 AR (a), (b), (c)

42k A3 A

Sy

-25

a9 1
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I91-26 €34 AAAEE AT AA

E 1-9 €347 AHAE 23

Thermal C
Type A Shielding
o . Neutron -
Shielding Material . Expanded Efficiency
Counting Uncertainly (%6)* (%6)**
Rate(s ™) e °
FenBasMosGds, 1 vol%6 21.8 1.0 63.85
FenBooyMosGds, 1 vol% 19.6 1.0 67.50
FenBisMosGdio, 1 vol% 15.3 1.0 74.63
Air (Avg.) 60.3 0.3 -
Plane 34.4 1.1 26.65
Fe62B25M03Cr10 1 vol% 207 1.3 40.94
F€62B25M03Cr10 2 vol%% 20.6 14 56.08
Air (Avg.) 46.9 1.1 -

* Confidence level = 95 %, k = 2
##(]-shielding material counting rate/air counting rate) x 100

[
AL

S 7K AlHEOA F 20% ol Fd 54 AHES

- Gdol & Sk w4 A Ale s 2ol

=z
F g, ol AFAAL NS FAE u 4B L)
|

A7ram o2 BelEy] YsiME FHA el Ago

A

wol By Bgo] 2L 2 4% GAAWI} Fe-B-Mo-Cr AR 2

7

X

/82 A sg vlas Ry
4
o

Ao oF = 9

o

o= 2 T oMmT|m

Gd&
A 8ol Bel ulal oF 60M) ol4k Holt Gdol W7lel elsl AFAA Ao 5ol Eoldrin @
F g
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- GdE He PRI A AdBel WA $5HL & F AS AW, Gdo) ol FAF A
gAoR F4A ANES AR & 5 glom, 3
&SRR faolm, £l §olshA ekm AAIHe
Zwn webd, Bo Gdol HAF B w% 2 AW
FAA AN A 2AYES Aste] WA A9

4 A=H1H AFd A FE5E I (2209 AR ER 71E)

7 QA (W9 A1)

RIST ANEd™A

EEE b e e

ATET] HamE LEAL BT BEE &7
Tal: 154-270-5250 Faw: D8A-270-G060
b Urac ek

MM T PO1G00065E AlEE SRR 2016-06-14
o g 2 & FECAED MEEHE L Al R A 2016-06-10

WP EEA =7 e SN E)

Mg gEaEAY

Al 2 4 4 Fed0BIMOSCr AEa  BE 5+ 2) T, SZ BT 258 BAH,
ME 2 0
I NEIEH NEE [ emBE
{mm} frmm) (MPa)
FePIRIMaST- 1 0,025 0.75 2 538
_Fc:-EEBSM:}SGr -7 0.023 074 2852
— o021 0,74 2 585 i
FefREVECr-4 o2 073 2189 B
Fel0B3MOEC-5 - oozt -:.?:. f EBD
HI D1, 0 MMEIHE Sle A7) HiAE A2 W A BT B

3o HAIE AIBTIE B AIETIDE DGR Ha HYUS
309 MEAML B AETEE RS Ol YR BE]

%ﬂﬂ:ﬂﬁﬂﬂﬁafﬂwy

AR OlgE v E-mail | ristkih@rist.re kr

MWoix 2 1 BTy

i

3 1-27 FegBasMosCrs 59 AAAE HAE F3x
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RIST - hte
EESUENNNTH
7673 Wi R g HRE GF

Tel: 054-279-6950 Fax: 054-27%-60660

tmprac mstre ke

AT E 2016000688 AT P EA 2016-06-14

S| 2 7| B HEOEALD MRt A BLRRIAL © 2016-06-15
ChFETREA| BT CHatE oAz

Mlpehe Aoz g

Al 4 W Fe20BIMaBCH MEHY BT s+, 5E 671 5 BRH.
N8 23
ApE A e 23T
5 {rem) {mirm) MFah o]

Fe(B3MaBI-1 0.020 .75 2 B4

FaP0BE3Ma6C-2 0.1 074 2672

Fe20B3Mobsr-3 0.0z 0.76 2118

Fe2DEaMobCr-4 0027 075 2508

Fe20BaMaBC-5 J 0022 074 2642
o) T 1L 0| MEETHE SR HAE A S B A BBIORCE SRE LT,

20 AR AEEDE G AW R RBe e AEHE UL
A e G AR B M sol o] WY BRE oM B FOEE T fHado

SelE 7 @A %IEEW':/

AEa el g ¢ E-mall : ristiih@rist.re.kr

HHEE Ced 158

RIST 2 = & &r 2 1

&5 MO EZHUL

1% 1-28 FegeBasMosCrs Fa9l 3 ZE HAE dHH
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Ty rae et v2 ki
AR AMHT - 2016000688
ol @] 7] @ HH D M

YT G ST E soisAE]

Al B d W Fef0BIMaTCr

Al

8 g

M

AlEE A . 2016-06-14
AlgEEgl A 200 6-06-15

Al b | abBobabale
AEEE 2T 25+ 2) T, ST 67 £ 5% RH,

H

i

1
£
3

N B Z 3
FerlEoitr-1 0.085 085 1 437
Fe20B3Mo L2 0.026 096 | 2ETG
Fe2lBanaiCr—3 0026 0398 2568
Fe2lEMa -4 0085 5d 2 Hi2 o
FarliEivorCr-5 0026 i 2410

O AR e 22 A2 HALE AR § A R0 T SR L
EAS & YT B A HT e Bays e 2R SR
MuME CEAEZIME MR 0| (T $RE 4 £ FIE F HEH

-
=

AlEE ol g S

¢f

RIS

S2% 7| SHYX UEH
E-mail : risti]h@hlst.re_kr

20769 068 158

v B ALS DS

=5 HOET E 3 WA

1% 1-29 FegsBasMosCrr Fa9 ARZE HAE FHRA
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2| B 7] B SR MEREE

Al E M FaPOB3IMOBCT
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fFEEal BT ER a0l s)

A M

AT 20E-06-14
AP g E QAL | 20160615

Megd - sEagA
MEHY BT 252 C. @E (67 £ 51 % AH

ANgE o
Fe20B3MoBCr-1 024 1.06 VTG
Fe2B3haR0-2 .024 104 2184
Fe2IEaeatr-3 (024 (0,46 1025
Fe2DEIMoBCr-4 D0Es 1 1 828
Fe2iaiMeiaCr-5 0022 078 2518

! W

NEERLE

RIST &5 &

2aY 0e2 15w

00

& I

1, Bl AERIIE 22 A7) HAISAME % ARENL BEE U
Bo= EATE A HPEE B AIYTIDE pEEN o 2YF gl
308 MEME B AETIES AEee o YS Y2 MN TE 2N U S E
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x
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Solx | GHUR UETS
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ANE8dHAM

L aD1E-0E-14

_U 16000688 MEETEY
ki 2016-06-15

PR Meac MEEEE
CH - Rbad Al S5t O &l 3 BO(A21 &)

AME o kbm S| B
Al B 4 0 Fas0E3Moacs MEeH B2 (254200, BT BT LS % AH
Al 8 & -
o MBI N Al = UEAS
e (i fren) (MiPa)
Fa2iBaMoBCr=1 o2 M ES] 2747
FedlBiMosCr-2 (021 0.75 RE1
FeZlRIMoSCr-3 DT 078 2749
FedBE3MaT-4 0020 075 2554
FeREENG -5 D.0re 0.50 3455

Z2R I eH YT HEEW’T/
E=friall : rstijaniat re.kr

MEE ol & f{

2016t 063 159

RIST S ES A DS I ARE

GPa°l] {+= C’JX* s Q"JS}%E

o=

LGNS (BT A22)
ANE FYL AR A} SR §Y L AT
D89 6emdoln Awd 7 ¢ EHL Yol lemA% XA F, HolZE o] DA o
F ARE FH02 wgst] vl ARMEE Bal HUAAY A 24 AR P 1284 4
A
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Abgete] Alde A
- Gd059] =AM 11HA A S A2
- FY ANg Y A% $5E S4S Yhle A2 g 2 5 UL,
® 1-10 FerBasMosGdos F59 #3894 E& 34 vlolH
Gd0.5 1 2 3 4 5 6
d 0.044 0.04 0.044 0.044 0.019 0.021
D 2.57 2.21 2.36 3.522 0.05 1.1
ex100 1.74 1.84 1.90 1.27 61.29 1.95
7 8 9 10 11 12 Avg.

0.028 0.018 0.018 0.018 0.022 0.02 0.021

1.099 0.04 0.047 0.042 0.04 0.05 3.81

2.61 31.82 62.07 75.00 122.22 66.67 26.20

E 1-11 FepB2soMosGdio &9 #343& 53 deldH
Gdl1.0 1 2 3 4 5 6
d 0.017 0.017 0.017 0.017 0.043 0.045
D 0.306 0.381 0.281 0.044 2.039 2.165
ex100 5.88 467 6.44 62.96 2.15 2.12
t 3 9 10 11 12 Avg.

0.057 0.066 0.017 0.017 0.017 0.017 0.152

2.808 2.044 0.416 0.089 0.04 0.04 23.41

2.07 3.34 4.26 23.61 7391 73.91 15.09

E 1-12 Fee7Bz5M03CI‘5 @'T—;"gl :EL{?:] cd)\‘_l% é@ E“ OIH

Crb5 1 2 3 4 5 6
d 0.024 0.022 0.028 0.029 0.023 0.021
D 1.44 0.06 0.07 0.87 0.07 0.05

ex100 1.69 57.89 66.67 3.45 48.94 72.41
7 8 9 10 11 12 Avg.

0.029 0.028 0.023 0.023 0.023 0.024 0.025

0.89 0.97 0.07 0.05 0.86 0.05 0.48

3.37 2.97 48.94 35.19 2.75 92.31 19.63

# 1-13 FessBasMosCrg @"1::1"9*] %—@ AX & 'f_—li@ Eﬂ °]E']

Cr9 1 2 3 4 5 6
d 0.026 0.024 0.024 0.067 0.024 0.024
D 0.065 0.08 0.07 1.943 0.64 0.96

ex100 66.67 42.86 52.17 3.57 3.90 2.56
7 8 9 10 11 12 Avg.

0.023 0.023 0.023 0.024 0.023 0.024 0.023

0.06 0.07 0.67 0.7 0.07 1.47 0.51

62.16 48.94 3.55 3.55 48.94 1.66 14.07
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oh $AHR (W4T A-23)
- 549 B3 9L AAeld] Tafel fit lined o] 349 W RAHFe
2 BET,
- RANEE R AR AT AAAA ABRAT, P ZHA DLE g
37] S48 okl 1S ANNL AT,

0.5

-0.5

X

X 1-37 2438 BAAF € A9
o E-Potentia Current
Composition ]

(at.%) 1 density

al.”o .

(mV) (A/cm®?)
@1 FegBsMosCrs -429.786 1.939X10°7
@2 FegBasMosCry -280.407 | 9.268X10°®
@3 FegBosMosCry -261532 | 6.473X10°®
@4 FegBsMosCrg -24'71.826 4562X10°8
@5 FegsBosMosCry -239.947 | 3.777X10°®

X 1-87Z =AY RAAF € A

Current )

. ] E-Potential
Composition density
) (mV)
(A/cm?)

#l Fe72B24,5M03Gd0,5 7412X1077 *616054
#2 Fe72B24A0M03Gd1,0 6208X1077 -664.317

#3 Fe72B23_5M03Gd1.5 4724X1077 *643992
#4 Fe72B23,0M03Gd2,0 3.796X1077 —606.426

#5 FerBosMosGdys | 3.370X107 | -619.059

(2a : Ribbon width)

i
R 4)([ 0.52 — x% dx
- 0
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5. 1A= J=HA AFA g T S

7h et (9eda A-1-1)

- 9o ARS Al Al @A A e ofMge AU e ICPeA S A skl ICPE
A2 Bebgel tisted skl on, dabs wt%E 7).

- 24 sl we BEEe] A Fds] flste] 24 Al 2 FEsteiA dds 9
=g

- at%E Aol ek A3k 2 A eEel A 2at% o4l B eh)
- Bl Fpo] gaw AL, B/ /b folnE FEe B3 &4 FsA, e AR AL

= melt spinneroﬂ A g3, 23 A& A7 B-Gd =+ B-Cr ¢ 283 intermetallics
s A g elitel A HAE FsAel FAAR 35 98

RQT NN KQT NEE =N

L » Z x|\
StRZ RIS 5’% A = Analysis Re h C
&"EE =A| S Analysis Research Center | NGTTUTE nalysis Research Center
KOREA QUALITY TESTING INSTITUTE
L AN Page : 2/2
age ¢ 1/ eV KM-160527-431
KM-160527-431 ECES 1
L] Fe-25B-3Mo-5Cr 9] 3
ELLT s ¢ s 9%

PRAA =7 (8t 2 80 Y =|OHstn T3S 505C

Fe-25B-3Mo-5Cr 2 3%
2016. 05. 27.
2016. 05. 27. ~ 2016. 05. 31.
2016. 05. 31.
L-E-T-E
: 8% (20~24) T, 8% (20 ~ 25) % R.H.

5.06

4.88

414

7 /) % |
NEX: o2 AN JlEMAT : AR H/ k0] 5FOf B wx

e
IEANEY ofEo A EFHEE
RERE

B
34

E.1-14 BF £4& 91¥ ICP £4 23X

A= 99| wt% at.%
Fe-25B-3Mo-5Cr % 513 22.23
Fe-25B-3Mo-9Cr % 5.06 21.92

Fe-24.5B-3Mo-0.5Gd % 4.88 20.82
Fe-22.5B-3Mo-2.5Gd % 414 18.79
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Z2-B

rfot

SE =Yst SYX Ay 232 E A=

| 239E A4 v 52 2 98y 54 B}

7h AgAa

(1) 23A ¥

- B oAFAME HAE FATA T EdE ) PAnle mE 2] ¢ FadE 9 Ay 23
ﬂE-ﬂ B84 5EAS Hriste] adE ZagEQ A 9l i AEE HAIEA S

- B gAY Z2AYE AAMIAEE HMPaRE AAGHoH o]E 93] Plain ZAYES =
Alﬂi_ J(W/C)= 52%, A& (S/a)S 49%2 wigtez AAsGem HxF7% 35£1.0%, &
qEyz 150i20mrn% NS 2wt S AN E S

- ASHSEE EUYE vAA B4R Edulet YNE geElekdi o, FAA] HAREY
H = faaz A dH 05 vol%, 075 vol.%, 1.0 vol%= 3tgom, A< Fan= o)

10mm, 20mm= F43ste] A8+

- AgNGoRE B4 e BadE SUI ¥ SPsgon, A5
g9 AN GEYES} BREE FHAS

ZAYEA = 7

% 2-1 49AY
Fiber (vol.%)
Type ‘A{)/ c Alr C?ntents Slump Amorphous | Amorphous
(%) (%) (mm) boron fiber | boron fiber Steel fiber
10mm 20mm
Plain - - -
10mm-0.5% 05 - -
10m13/1—0.75 075 ) )
0
10mm-1.0% = 35410 150 1.0 - -
20mm-0.5% o +20 - 05 -
20mr(;1—0.75 i 075 )
0
20mm-1.0% - 1.0 -
SF - - 0.5
£. 2-2 Plain 23E w3
W/C S/a Unit weight (kg/cm3)
(%) OPC G S
0.52 49 360.58 840.47 857.15

NOTE : W/C= water to cement ratio, S/a=sand to coarse aggregate ratio,

Portland cement, S=Sand, G=Gravel

Ex= KS L 52019 1% &

OPC=ordinary
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E. 2-3 AME AMESY] A 44

Setting time(min) Compressive strength(MPa) Finess Specific
Initial set | Final set 3d 7d 28d (em?/g) gravity
240 340 225 311 400 3,318 3.15
B A0l A8 At A% 458 4RdE 43R Agdor, 4% A3 Bmm P4
TAE e AR AHESte] KS F 25269 REAEMAE HEes e 2degon, 4
o 294 AL w49 2=
E. 24 A4 2A) BA 43
e MaX}mum Unit weight Absorptanc solid fineness
Type . size e volume modulus
Y | ey | M (%) %)
Fine aggregate 26 5 1564 1.05 53 2.63
Coarse aggregate 2.65 13 1569 09 59 6.49
- 2 e AR WA T 4719 2o Alxd & 15mm, 20°] 30mme] 2]EE
9 Yoz, B 44 5 9 28

£ 25 A% A5 WFA BABARe BH 54

- . Thickness Width Length Tensile strength
Type Specific gravity ) ) ( mrig) (MPa) gt
Ribbon type 7.8 0.021 2 10, 20 2219
- Al AR AR =l SARY] AR AE 06mm, 2ol 30mme] ¥ FAY Wes
Agatglon], Bd 44 B5% 28
£ 2-6. A A8 AR EYH EA
Diameter Length . Specific ~ |Tensile strength
T Aspect ratio .
ype (mm) (mm) P gravity (MPa)
Bundle
(Hooked end) — 0.6 30 50 7.85 1,100
(3) Al o] A=
- A E g2 A AME s AAser, gl e ol ¥U%, 9, &4

s}

(4) A&y

- 24 @2 FAYES =4 54w FAYES 3U|E, SHE




ZAYEY ¥/ %S KS F 2421, £H == KS F 250 97 =A 3

o
A H .

a9, 2-1 2A &L FAYEY EYF 54 Y

- Asle FaES] 584 EACE ISAEE AN S. SAYES 4EFAE= KS F 240590
oA AT 7Y, 28Ul AHAAsIF oW Al HE ZAHL JSCE-SF5 (Method of Test for

Compressive Strength and Compressive Toughness of Steel Fibre-Reinforced Concrete) o €] 7
AXEISE.

Metal ring

Specimen

(b) JSCESF W& E =4

a

Astd 3 Ee] 4= AES T I5H $H-HIE doHHGS ol&sty AT EQ
ARATE AEsds. 2 Aol e Ao &99 130U 7MY s A4S o835k
BT E AEsE . (C.S. Poon et al., 2004)

9. 2-2 43t FAYEY 4SHE R MY E AU
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E = fcf 3&

Compressive stress (MPa)

3 "l

2 Ec

Strain (%)

39, 23 438 £3EY $¥ WFES o4 ARRAS 24

- AgE 2aee] 4E3E 482 Fd 959 SU-WYE dolHES ogsel 2ases
AHAY L AEFFPS. TY 45 AFRY 2AUES QoA AHAYvIe FelE hehd so
2 2AYE gFA]

;Z‘]I H 1l
Aoz AHoxEm QAuE= (A/HUYEAE)E AEE. (LR Taerwe, 1992) 2 2o

= .

Specific Toughness Ratio = Area OABC | fc
A

fo f===r=-mmmmremmo—a

iToughness=Area OABC

Compressive stress (MPa)

& 075
Strain (%)

I¥. 2-4 33d Z3YEY §Y HMIES ol &Y 45U ¥t

- Aste magEe] P4E AAS KS F AR 9A 35 ARS ol gt A5G, A
84748 AR o] fsto] AR AAS AAEAE AR APA MAAE o3t AH
i anolAel WelE Z4sidon, dF-ne doHE olgde BAde AR ¥
42 ASTM C 1609 (Standard Test Method for Flexural Performance of Fiber-Reinforced
Concrete - Using Beam With Third-Point Loading)®] 214A4 H7MHS E3f AME3F0
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-
29, 2-5. Asd 2IAEY YAE A

L = Span length

Pz = P; = Peak Load = First-Peak Load

bp = &, = Net deflection at Peak and First-Peak Loads
f» = f; = Peak Strength and First-Peak Strength

Pl = Residual Load at net deflection of L/600
1.0, = Residual Strength at net deflection of L/600

P,‘, = Residual Load at net deflection of L/150
Fr=F <1 .., = Residual Strength at net defiection of L/150
- T;‘f.. = Area under the load vs. net deflection curve 0 to L/150
]
o
-
| ;
JlAPE | B — E[. ..........................................
: ; i
' v '
% Li800 Net Deflection 150
7 PplL P L _ fis0
P 150 — 150 —
bd ’ bd’ /

i
=

A

Ay gl uF

ut

(D) =7 ¢ FAYES] &84 54 37}
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gk

¥z 4

B 2-7T37% &

Slump loss (mm)

156
144
138
120
145
130
106
145

Air contents (%)

29
31

34
39
3.2
3.8
41

32

Type

Plain
10mm-0.5%

10mm-0.75%

10mm-1.0%

20mm-0.5%

20mm-0.75%

20mm-1.0%

SF

o
o

;Of

I
o)

N
Ko

il

1

|

—_
o

]

)

0
_fot

sH7}

el A

NA

13

T

|

A=
=

A o] A]

o
T

H] 7} 1.0 vol.%¢l 7 $-of =

zn
ot
B

gt Held

&gol LS

18] 1.0 vol.2%¢]

o
H

O
T

S|
=i

vol.2%67}4]

il

E3HA

59

A, A

o =
T <

T
=
B

ol
O

A
ool
zel
0
i
H)
TR
i
ee

el

wir

o
W]

T

e
o

) 7

op
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Compressive stress (MPa) Compressive stress (MPa) Compressive stress (MPa)

Compressive stress (MPa)

40
9
30 =
w
w
g
20 o
=
@
@
10 r =
E
o
0 i i &
0.0000 0.0025 0.0050 0.0075
Strain (mm/mm)
(@) Plain
40
g
=
30 =
w
o
20 b
=
w
w
10 2
o
£
o
0 i A o
0.0000 0.0025 0.0050 0.0075
Strain (mm/mm)
(¢) 10mm-0.75%
40
g
=
30 =
w
g
20 f b
=
w
w
10 2
o
£
o
0 i i o
0.0000 0.0025 0.0050 0.0075
Strain (mm/mm)
(e) 20mm-1.0%
40
£
=
30 =
wn
o
20 | 2
=
wn
wn
10 | 2
o
£
(=3
0 i A ©
0.0000 0.0025 0.0050 0.0075

Strain (mm/mm)

(g) 20mm-0.5%

40

30

20

40

30

20

.
(=1

W
=1

ra
=

-
=

40

30

20

0.0025 0.0050

Strain (mm/mm)

(b) 10mm-1.0%

0.0075

0.0025 0.0050

Strain (mm/mm)

(d) 10mm-0.5%

0.0075

0.0025 0.0050

Strain (mm/mm)

(f) 20mm-0.75%

0.0075

0.0025 0.0050

Strain (mm/mm)

(h) SF

¥ 2-7 23YEY SH-HFPE I (AR 79)

0.0075
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Compressive stress (MPa) Campressive stress (MPa) Compressive stress (MPa)

Compressive stress (MPa)

60

50
40
30
20
10

0.0000

60

0.0025 0.0050

Strain (mm/mm)

(a) Plain

0.0075

50
40
30
20
10

0.0000

60

0.0025 0.0050
Strain (mm/mm)

(¢) 10mm-0.75%

0.0075

50
40
30
20
10

0.0000

0.0025 0.0050
Strain (mm/mm)

(e) 20mm-1.0%

0.0075

60
50
40
30
20
10

0.0000

0.0025 0.0050
Strain (mm/mm)

(g) 20mm-0.5%

19, 2-8 22YEY $H-WIHE

0.0075

Compressive stress (MPa) Compressive stress (MPa) Compressive stress (MPa)

Compressive stress (MPa)

32

60

50 |

30 r
20 |

10 F

0.0000

60

0.0025 0.0050

Strain (mm/mm)

(b) 10mm-1.0%

0.0075

40 +

30 r

10

0.0000

60

0.0025 0.0050
Strain (mm/mm)

(d) 10mm-0.5%

0.0075

50 |

20

10

0.0000

0.0025 0.0050
Strain (mm/mm)

() 20mm-0.75%

0.0075

60

50 |

40

30 r

10 F

0.0000

0.0025 0.0050
Strain (mm/mm)

(h) SF

=4 (A% 28Y)

o
o .

0.0075
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40

{ed) yiBuals amssardwoy

10mm-1.0% 10mm-0.75% 10mm-0.5% 20mm-1.0% 20mm-0.75% 20mm-0.5% 5F

Plain

Type of concrete

2

o]
wy

= = = =
= L) ™ -

{ed) YiBualis anssaldwion

o

20mm-1.0% 20mm-075%  20mm-0.5%

10mm-0.5%

10mm-0.75%

10mm-1.0%

Plain

Type of concrete

(b) AE 28

9. 2-9 2 AR 2adEe 4FRE

sz

- A 8 MY B4

T EdnlelA

i glom, Al Aot Srtds

ol Asprh WA

A2 YEb).

FrhIE 55

A]

1.0 vol.%7}

=
=

ol
ol
it
of

e

=0

o

10mm¢$! w44

o

A 0 2 Plain A2 E0]| H]
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£ 2-8 ZAYES] HUYSHA WP E R VAT

Maximum stress Strain at maximum stress | Static modulus of elasticity
Type (MPa) (%) (GPa)
7days 28days 7days 28days 7days 28days
Plain 28.53 47.66 0.00157 0.00214 2332 28.60
10mm-0.5% 29.03 50.57 0.00197 0.00179 23.59 39.50
10mm-0.75% 267 49.88 0.00233 0.00197 18.49 3250
10mm-1.0% 26.92 47.74 0.00159 0.00186 24.72 2.74
20mm-0.5% 2545 45.28 0.00173 0.00171 21.94 36.19
20mm-0.75% 22.99 43.44 0.0019 0.00201 21.00 30.80
20mm-1.0% 2421 4324 0.00223 0.00214 15.46 24.68
SF 30.87 47.30 0.00256 0.00231 20.24 27.46

fob ngh o oo i

Fel

Relative static modulus of elasticity

G102 7+ 2AgES AUl ABAAFHS YeE Aor durdor uAgd BAa7aAf
Qe A9 AE 28497419 AV ASFE Plain ZATES} Hlwste] AojH oz =4 Vet
AfZdol7 10mmel A$ AFEYEo] 0.56%7HA E713EE A AFE Srletg o,
& 1.0% A= ko] Asks YeblS. v Aol 20mme A Ao el Tt
2 AaAAFE Al Aoz yehgs, £33 5Y AFEYSdA 2ol 10mmel A#E
gt 7% 20mmoll wls) AtiA oz AedAETt Sbehe BES YES
16
14
1.2
10 F
0g
06
04
02
0.0 L t * : L t

Plain 10mm-1.0% 10mm-0.75% 10mm-0.5% 20mm-1.0% 20mm-0.75% 20mm-0.5% SF
Type of concrete
2. 2-10 FE A FRAAS (AH28Y)
T Y- E do|EE o]gste &S 7t AlH] FEAA B 4E198E YER 3
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®.2-9 TIYEY ¢FA4

Area under stress-strain curve Specific toughness ratio

Type (MPax10°) (%)

7days 28days 7days 28days

Plain 271 6.40 010 013
10mm-0.5% 10.14 2292 0.35 045
10mm-0.75% 10.07 23.56 0.38 047
10mm-1.0% 10.32 18.68 0.38 039
20mm-0.5% 12.82 16.95 050 037
20mm-0.75% 9.33 16.34 041 038
20mm-1.0% 1210 19.83 0.50 046
SF 1444 23.85 047 0.50

|
o o [
N Q@ od

11 7 2asEe) A9 d5A4S vebd Aow, 448 s ae
NeE EQE A AUSE ofF Aael 9% A4 wdoz 3ol g of
o] A E 2AA Y G0l TUlEE &

[e) ) o 5 [e) oy =
- AR a3 2 AFredeo] S7HErs 45U
1O > [e) (o] = [e)
s Uetdlon, sd E&olA Afdold wE =04 4ol 10mme A
[e) o =] = =] = [e) o
2% 20mme] Hfol vls) Aoz gHEelgel Sk A4S tEhie
30
25
w
2 20
2 15
o
E 10 F
05
00 1 1 1 1 1 1 1
Plain 10mm-1.0% 10mm-0.75% 10mm-0.5% 20mm-1.0% 20mm-0.75% 20mm-0.5%
Type of concrete
9. 2-11 ZdAA 45948 (A#H289)
- aY12E BAE AYe B9 958 59 T4 e 29,
z0 zn
[
15 15
= F
= =
= 10 = Lo
3 3
i i
o . . o e i e
oo 05 1.0 15 20 oo 05 1.0 15 20
Chsplacemsent {mm) Chsplacemsent {mm)
(@) Plain (b) 10mm-1.0%
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20 1
15 H- 15
= g
= =
] 0 ] e
3 3
5 3
] o
L] a5 1.0 15 20 L] a5 1.0 15 20
Dhsplacemsent {mon) Dhsplacemsent {mon)
(¢) 10mm-0.75% (d) 10mm-0.5%
20 20
15 15
E =
= =
5 B = W
5 L
5 5
] B ] B
0.0 05 10 15 20 0.0 05 10 15 20
Dizplacamsent {mm) Dizplacamsent {mm)
(e) 20mm-1.0% () 20mm-0.75%
=0 1
15 15
F g
-8 =
2 W0 | = i
5 3
5 5 |
o i " i o
0.0 0.5 140 15 20 L] L33 1.6 15 20
Dizplacamsent {mm) Chsplacemsent {mn)
(g) 20mm-0.5% (h) steel fiber-0.5%

a9, 2-12 23 E FsF-HAFA (AH 289)
W3S 7 Ao AY BUolAe] RS e Aom, Awbdon EE: gl 4w

a o q0 .
9lo] AREE ok 535 MPa AE2 A9 A4S Ve, webd 1.0 vol.% FaolA e A&
A wol| =7 QTS n|HA] G Aow

Plain 10mm-1.0% 10mm-0.75% 10mm-0.5% 20mm-1.0% 20mm-0.75% 20mm-0.5% SF

T

L
it

el

Flexural strength (MPa)

Type of concrete

ad9. 2-13 F3YES IAFE (AR 289)
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Type of concrete
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2. AF A4 wj)
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- B Ao AEAow Zae NG
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g 9
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S|
=

IdMPa=
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=
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H

329631 Y

X
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AHIEH|(W/C)= 40%, $HEA1&(S/a)
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A E9]
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- Plain &322 ES}F tin
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E. 2-12 A3AY

W/C Air contents | Superplastici|  Slump Amorphous Fine aggregate
Type %) %) zer (%) (onm) boron fiber s g
(vol.%) Sand &
power
Plain - - O -
- - - O
i 2| s 1=
BF 05 B 1.0 O -
Py-BF 05 1.0 - O
E. 2-13 Plain 23 E Hjgn]
Unit weight (kg/cm3
W/C So/a ght (kg )
(%) OPC S G
04 32 437.1 539.4 1178.1
NOTE : W/C= water to cement ratio, S/a=sand to coarse aggregate ratio, OPC=ordinary

Portland cement, S=Sand, G=Gravel

(2) AHAIE

- 2 AFe] AE AME R FAE E 34E WEE A8E Agstgen, Bl 2mm
otz Y FHEE FES AEsIFon Satit el A2 #1449 e A AMEE vA
A a7 e 250l st 4ol 10mme] ARE AHESH .

R, 2-14 24 AHEE B74 489 24
Hhsite msdkils Chemical composition (weight %)
Density N 2 -
(N/mm’) Si0, B.Os Na,O+K;0 AlLO;
223 63x10° 81 13 4 2

(3) AlAS] Az

- ZAE i3S A WS uEgS AAE e, wige] gad o]F FU|H SHE Al
S S AAg = FAAE AL SEAE FAAC BEU] R FAAY A AE
10cm, =] 20cme UF38 FAAZR A&stdor, AAEY 45 F 10cm, =°| 10cm, Zo]
40cme 59 FAAZ AFsS. SAA Adde A= AE 10cm, ¥°] Semz A Z}
SIS AR FAAE 2182TC 9 ZolA] 24417 Bsil o, o]F &3S AA|ste] 7 Ad]
AEL7EA] 2142TC ] 222 FHUAS 2AA 692

(4) Agv

- 24 g2 FAYES] FY4 SAHoE FAYEY FU|E £H9E SYHEZ EEE SASYNS
A ES F7|HL KS F 2421, €92 = KS F 25949 oA =435S

- A8E 32 EY dEUE KS F 240600 oA A 3, 7Y, 280l AAsdom, A ¥y
4L JSCE-SFS 9 oA At e. 4t 2agEL 54 AdS B3 549 59-1
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B3td ZAYES] 741‘%—7] B élﬁé% KS F 2459¢] 47% AAe e AW 2899 F
10645C ] Il 24X 7F Azske] dA7Io1E Well A 24A)7F Wzbste] d2o] Hus & F
A A SAsta o]E TAAY] A er o] BRY] BEE AES S
- 7333} Za e FAA AALHL FHA WEE] 2334x105s 19 M Am-BeE T4

_"
o
o] g3l on, SPI *He WElAF7IE ol &3te] d54AE AEaAAS T4 AdelA] &

_>,i
S
o

54% R EANLL GHAR cIgale] dTg weAKon, TR &4
He gHER AENe. 944 FE0)E e FAAE Ava) g8 Aune Ao
G4 FEE RO AAAROH, T4 AHOZIE Ad Bame] 9344 A2E
Al e, olF AAAY AR g WA FAR ASLE SAsGon, o)

A AR AAsdE. ofF T4 dda EeAA HE7] Aol 4
AAG 5 A4 ATEs SRS 2202 S A A AFEAE e A9

@ B4R A APRA (b) *Am-Be F57 4
a9, 2-156 F4A A4S AEEA

a9 162 24 %S 2AYEY SUT R B e A ANHOE RE o] B
9329 150+20mm, &EF7|% 35:1.0%F HEse AoR Yehy
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200 .
Slump loss
""" & Ajr content P
E T e s ° _
. PR wuellipren =
E ® | B
o -
& 100 + E
: 4 2 8
7 e
2 <
50 |
4 1
0 1 1 [ 0
Plain Py BE Py-BF
Type of concrete
19, 2-16 23YEY YT R TNF
EAE

ag17e 7 2awE] AY 39, 79, 8o A o] FEHLHE-MHE TALS YEhd A,

50 50
Plain-3days ——Py-28days
Plain-Tdays Py-3days
BT 4t —
g Plein28days s i
z 63
i &
] %0 - 5 30
s & /
g wr 5w
S 5]
10 10+
0 0
a 0.0025 0.005 0.0075 0 0.0025 0,005 0.0075
Strain (mm/mm) Strain (mm/mm)
(@) Plain concrete (b) Concrete with pyrex glass
50 50
——BF-28days
BF-3days
- 4 - 4
& — BF-Tdays i
= =
g 30 g 30
% % Py-BF-3days
g‘ 20 E‘ 20 Tkiys
3 3
—— Py-BF-28days
10 10
a a /
a 00025 0.005 0.0075 0 0.0025 0,005 0.0075
Strain (mm/mm) Strain (mm/mm)
(c) Concrete with boron fiber (d) Concrete with pyrex glass and boron fiber

a9, 2-17 23 EY ¢4FHeH-d

ofl
i
JH

S
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A Yelbd o, Py-BF A

bl #Abs

5]

o vl

O3d @7d =284

= 8 g2 2 =
(Bdlw) WBuansanissaldwag

Type of concrete

2%, 2-18 ARE TAYEY YFRE
odlMe] Z2AE Ao FeATE Hehd Aoz - Y 8LX 9 F47

o] it st

3

ZALES} thy]

Plain

ESNS
T

A

He| &
BF, Py-BF)o|
Py-BF)¢] 7% Plain %

A

]

A

(Py,

E

A7 A

CERER

3

Aol 1)

3

o

2l &

LA

eSS

O3¢ @74 B84

8 & = =

(edD) Alapse@ josninpojy

Py-BF

BF

Plain

Type of concrete

9. 2-19 AR Z3YEY FBEAF

ZAE

(BF, Py-BF)¢]

2

7

Aol 9l

ok
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" e

]_

fite)
N
o
)
o
;0__.._
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O3d 87
L
X
£
-3
g 15
=
i
o
3
=]
w0
w
B
=
£
& o
0
Plain Py BF Py-BF
Type of conecrete
9. 2-20 AHE FIYEY ¢EFAA
Q) F4=
o 3 5.0 S 3 o = o
- a9 218 AT ARS FE 59 AE 28AelA ] 2 AAe she-wg] A4S vER
12 12
0t ( 0t
8 8t
g g
g6 g6
4 4
2 2
0 : : : : 0 : : : :
0.4 01 02 03 04 05 04 01 02 03 04 05
Displacement (mm) Displacement (mm)
(a) Plain concrete (b) Concrete with pyrex glass
12 12
10 0
8 8
2 g
36 =
1 1
2 2
0 : : : 0 : : :
04 03 19 15 24 04 05 10 15 20
Displacement (mm) Displacement (mm)
(c) Concrete with boron fiber (d) Concrete with pyrex glass and boron fiber

B 384

a9, 2-21 F3YES HFaF-AATd (A9 289)
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{EdlA) Yibuais x4

Py-BF

BF

Plain

Type of concrete

a9, 2-22. S3HEY A= (AH 289)

o A7 AN P

]

- a¥mE 7 AR

il

Dz

Py-BF)¢] 7% Plain A

NR

Plain A]

o
A%

e

10

w =

{r) ssauyBina]

Py-BF

BF

Plain

Type of concrete

a9, 2-23 ARE FIYEY FAA

o
.—Ot
i

o] A 28UolA <] &

A

I

ABE Al
(BF, Py-BF)¢] 7

o

o]

hr2

@ A

0

S

() 47 A9

—
#H
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2| &(%)

0.00

68.44

94.38

85.94

95.31

0.00

320

10.1

18

45

15

32.0

2| A

Air
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Py-BF

Air

Nr

1.39
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— — - = = = =

SSEBUBAIIZELE DUIpBIYS UGIINAU Jo OI1E] BAJE|BY

<
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%Y. 2-24 Plain 23 E 8] Z L2 YEY FAA A9
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IEH-A AT MG B3RO SHWI Y T ME
1 1A% 2714 g 2 249
bR fE 2A 2 BRe 4R nane g
- 1IApdRe] Ay AyE EUE st FatibrE] ZAE AR Aol dAeE ASRE S oA
she warabfrel vlEwe) 44 EYSE Fohyl,
- wY Bipel MRS o Flele AL 49, 22 FHEE BOe Pl F7iM
Hoz FAR 2 98 a94d Aos st
E. 3-1 8 ZA Z2g= A8 AR
Weight (g)
Sample w/c Glass Glass
Water Cement powder aggregate
0.47-GPL 865.0 -
0.47-G10 0.47 406.55 7785 86.5
0.47-G20 692.0 173.0
1,946.25
0.40-GPL 865.0 -
0.40-G10 0.40 346.00 7785 86.5
0.40-G20 692.0 173.0
U mEeE Agd A
- REEE APHA Hjge o]d Addd ASTM C 1260 7|=o = 3o wigstd s Al W/C
0479 7oA Zdd RE2ELE Hlste] F297F Aty e A3E derd. meba W/C 047
ojste] EAIMERE A&3 From EaAE AMgslof & Aoz Furo] HE3X
0} O
v a.
- AgHA AL ASTM C 4403 ASTM C 12609l uwhe}l =) 23},

0.4000

0.3500

0.3000

0.2500

0.2000

0.1500

Expansion rate

0.1000

0.0500

0.0000

-0.0500

a9, 3-1 w/c 047 7458 ZA

PL 10% 20%

5 6

7 8 9 10 11 12 13 14 15 21 28 35 42
Time(day)

2=2gl29 ASR HBHA&




- ASR W% W& A AdelA 20%°] Farat 7 AR Qlste WAk WS £<As] Aot
T 7.

PL 10% 20%

0.3500

0.3000

0.2500

0.2000

0.1500

Expansion rate

0.1000

0.0500

0.0000

-0.0500
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 21 28 35 42
Time(day)

9. 3-2 w/c 040 5738 FA RE2E =29 ASR B3E&

- 71 w/c 21 047 o]¢jel] /“a AlRE w/e 0409) gl M= St we mEE E4EC]
0% A A7 B2 “Xlﬁ}% S e,

39Y.3-3 ASR B F o= g Rz g A|/HY 7EF

- w/c 040 2 0479 wigelA Plain 2 10%9] EUES 2He AldA =
A7k 2] 10Fbe] e AL Fa dss PR dEol, F owe BF 0% £9)
g4 BAG AF AE EE Aoz Hag,

- o aAtel ZAA AYAZE HABe FAY & dglon, Hwy] Aol SHg wels
0.3070.349] 1/30 B=om, 20% E4g AFA= 0010700128 =9 B&S Yehlls Aow
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Portlandite
Ettringite
1763 Calcite

20% Additional

1186 20% Replaced
AN 2054

Plain

4

5 10 15 20 25 30 35 40 45 50 55 60 65 70
Diffraction angle (20)

Y. 3-4 NHE #Ho|~E AH9 XRD 1Y =

E. 32 AHE Fo|]2E AR Fi15Z 4 peak

Al A ) 20%
Plain 20% replaced .
T additional
T34 peak intensity 2,054 1,186 1,763
Plain tjv] 7HA=F(%) - 42.26 14.17

- XRD ¥ £41& T3 Ak dwo] EAE gelsla 20 3147 34.083°0] $X|8k ksl
main peak intensityE Hl1l A% & FfA ] vlEES QS AWIE o] ~Ed A FAks)
[e]

ZHE peak gto] FAE =AY o F-E FQI3

- oAt e MRS E94EHA % plain A @AY 48 main peak intensitys 2054% U
Ebutal 20%E A 3He A A(20% replaced)®] main peak intensitys 1186, 20%5 F713+ A8
Al(20% additional)2 176402 2o Z}7ZF plain AlGA| Y] 42.26%, 14.17% #ash o=

- S7I7F AdE A @70 SRE kA el et B A" AIAZE e ks a e
Iy Aolng 7|l A3E mFo] Hol Fatit el wEEol

Fol~E AlFA Y] FEFHLEI AHME T tH] 20%°] FIf




el Pl giA AIEASE 37 A TR AES vt St 7 v
&g ol A,
5 100
DTA (uV) TG (%)
0
95
-5
90
-10
3 15 85 g
< (O)
E =
-20
80
25 80.072% -
\\
\ 75
-30 78.394% AN
-35 70
100 200 300 400 500 600 700 800 900
Temperature (°C)
7. 3-5 Plain A8 TG/DTA 18§ =
5 X 100
\ —DTA(uV) — =TG (%)
0
- 95
-5
- 90
-10
g 15 85 g
= L
= 2
-20
- 80
-25
% - 75
230 79.898% -
-35 70
100 200 300 400 500 600 700 800 900

Temperature (°C)

9. 3-6 20% Replaced A|¥ ¢ TG/DTA =

bkl

g

_87_



5 . 100
\ —DTA(uV) = =TG (%)
0
- 95
-5
- 90
-10
g 15 - 85 g
g 2
-20
- 80
-25
79.874% e - 75
-30 79.099% >
e Bihad_ % 70
0 100 200 300 400 500 600 700 800 9S00
Temperature (°C)
ad. 3-7 20% Additional A|¥ 9] TG/DTA Iy =
. 3-3 AIHIE #Ho|2E A|HY TGA T3F%A
RE
e Plain 20% Replaced 20% Additional
3l SA (%) 80.072 80.708 79.874
3l A (%) 78.394 79.898 79.099
HAaT(%) 1.678 0.81 0.775
Plain ti¥] 22 %(%) - 51.728 53.814

- TG/DTA @ ZellA DTA =71 W= 7+ Apolg vl Fibsbdao] £3)7F dojupr] 49

T @FaEol Plain A @A= 80.072%, 20% 218 Al A (20% replaced)= 80.708%, 20% 713k
A AA(20% additiona)= 79.874% o.& FRIHAL. RbHl Ea7F dojdt Fof THEHALES
Plain A@A7F 78.392%, 20% #[83F A @A+ 79.898%, 20% F7te Al&@A= 79.09%= 7+
1.678%, 0.81%, 0.775%7} Hadtes Aoz Uey Gt #e nEgo] x&& whgs sk 4
S el 5 AME
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Compressive strength N/mn’

047914 11%, w/c 040014 <F 8% S7Fst+= A
w/c 047 2 040 2 plain A1&A¢9] d=57%

Compressive strength N/mn’

60

50

40

30

20

10

60

50

40

30

20

10

PL 10% 20%

w/c

a9, 3-8 B4l 8 FEES 9 REHE

- FER BEAE AW REEE wgeA ANE ) 1
k)

A8 457 s SA3F plain APA ] vkl 10% thAlgk AlEAe] t5AE7 w/e

PL 10% 20%

0.47
w/c

7%.3-9 BRHA 49 A L YL AEF REpE

20%=

Al

0.40

AEA S &5

B

0.40

3]

=}

Ao F=

7J-E

o8 VERom 20% thAE Al
A3 2 Aol 7t gl

H
& %
=4
gl Ao=w U

AR,
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megad A dds et

of Hlske] 10%= .

A A 20%=
=

ot S71

=
4= 9y

Tl = oA AP A
Zgksk Al A 7F w/e 0479014 2F 10%,
A 8ksk Al@ A o] A9-olE w/ie 047914 oF 58%, w/c 04094 <F 80%A

.
FEPEE =3

F A3 plain Al E A
w/c 040914 <F 21% Z7h3k Ae g

2. ABZA}
7h As A Y
- Borone] A+ AH#A Aol of2] Fej= ARRE AL 9l 53] Boron carbide®] - A= AA
o AMEEE T FAA AFTe] wg Hold ZAowm deld AS 2y 2 AT A
Borosilicate glass®] 4% B.0s2] #¥#%5& 7|dist7] o]do| ASRZ <QIgt 7o) g x|o] o]
e =AM A3
L 2ARE S A
- =i dE UEs Uz ALY el Folz FEh
T A% A4 FEe g
Characteristics | Cement and Finely ground glass powders exhibited
] and pozzolanic | Concrete very high pozzolanic activity. The finer
reactivity of Research 35 the glass is, the higher its pozzolanic
glass powders | (2005) activity is.
Journal of No claim is made that the addition of

New approach ]
o the american
to inhibiting
2 . concrete
alkali-aggrega

lithium salts or other inhibitiors is the

answer to the alkali-aggregate expansion

aggregate in

. institute problem. These materials may be too
te expansion . . )
(May 1951) expensive for practical use in concrete.
Studies on Waste glass, if ground finer than 38um,
Cement and ) o ] )
concrete did exhibit a pozzolanic behavior. The
o Concrete . )
3 | containing compressive strength of lime glass
Research 30 ) ]
ground waste (2000) mixture was higher than the threshold
glass limit of 4.1MPa.
Recycling of ) )
The pozzolanic effect of waste glass in
waste glass ] .
. concrete is more obvious at the later
as a partial Waste )
age of 28 days. The optimum percentage
4 | replacement management . .
) of waste glass that gives the maximum
for fine 29 (2009)

values of compressive and flexural
strengths 1s 20%

concrete

Review on Progress in The addition of boric acid and its pure

the addition Nuclear frit is not suitable for enhancement of
0 of boron Energy 53 the shielding properties of concrete,

compounds to | (2011) because of the deleterious effects on the
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o

setting process of cement
- Borax has no obvious effect on the
shielding efficiency against neutrons in

thin concrete shields (10cm), but some

radiation good effect on the decrease of dose due
shielding to capture gamma rays
concrete - Borax has significant effects on shielding

efficiency in thick concrete (100cm)
shields, because it reduces the capture
gamma rays up to 80% better than

unborated concretes.
- The use of GLP(glass powder) in

Value-added Cement and concrete would prevent expansive ASR
6 utilisation of Concrete in the presence of susceptible aggrgate
waste glass Research 34 | - It(glass powder) could be used as a
In concrete (2004) replacement for expensive materials such
as SF, fly ash and cement

TR FE BEE Y AWE Fo]~Ee°] XRD, TG/DTAE Fste] & vhgAdS ek
= A5 ¢ T UuA=
A Aes AT A Bt el EAlE 9 A4S DAsE ASR BEE =0
71 91 BAoR Bt frel vEES Bt el EA REEE ARS3h o] 23} Plain Al
A 2 AHME S tin] 10%9] St fre] S ARRE AIRAIY A 47 717t A
A7 =g FFow SAo] =rkeil o, 20%E AHERE AlAe] Aols A71A < A
M oyt miAlRk o] WASHA] 2 Ao L.
T frEE FAE AR

& Plain AGA vlste] GFAEA} b o e

5 3
AEA ] Hgto] 20%E AR ARAIS BT AdiA s ¥ w2 hS5FEE UEHL

o 52

B el Bde] A EUBE F4L 9T 29

719 AT A%RE EWE AME dol2E AGANA B R NEE AR BTN F
vRue] £E9 WS gE F714e Aol Basithn waw. AWE F o 20069 %
T frel VRRS GG AP BEAC AP A AL 5 Aot AvH G
2 4] skl EAF 100678 309744 5o eivih A 8% Mg Agste] TG/DTAS A
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E. 3-4 AJHE FHo|AE AFA WTHE

@9 (9)
A
cement glass powder water
Hl &
10% 45.0 5.0
15% 42.5 7.5
20% 40.0 10.0 23.5
25% 37.5 12.5
30% 35.0 15.0
5 . 100
\ —DTA(uV) - =TG (%)
0 |
- 95
-5
- 90
-10
z 15 - 85 g
£ 9 2
-20 . = .
- 80
25 79.886%/-\'X‘-
= 15
-30 76.966% i T
-35 S 70

200 300 400 500 600 700 800 900

Temperature (°C)

9. 3-10 10% AHS TG/DTA 1=
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-30

-35

-30

-35

b —DTA (uV) = =TG (%)

81.544%

100 200 300 400 500 600 700 800 900

Temperature (°C)

29, 3-11 15% AH ¢ TG/DTA 1=

—DTA (uV) = =TG (%)

-

}
80.807% h\____
/\ =
~
b
b

78.373%

100 200 300 400 500 600 700 800 900

Temperature (°C)

a9, 3-12 20% AHS TG/DTA L=

100

95

90

&
TG (%)

80

75

70

100

95

90

&
TG (%)

80

75

70
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-30

-35

-30

-35

100

—DTA (uV) = —TG (%)
- 95
- 90
X
= 85 e
2
- 80
= 75
76.053% ™ =
1 70
100 200 300 400 500 600 700 800 900
Temperature (°C)
9. 3-13 25% AJHe TG/DTA 1=
100
—DTA (uV) = —TG (%)
- 95
- 90
X
-~ - 85~
S =
82.113% /NXP-— - - 80
80.042%
el R T
70

100 200 300 400 500 600 700 800 900

Temperature (°C)

a9, 3-14 30% AHe TG/DTA 1=
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E. 35 T #E £ EY AHE Ho|2E AFA 9 10730% TG/DTA A%

@49l (%)
RE
= 10% 15% 20% 25% 30%
T
ol A Sk 79.886 83.938 80.807 78.300 82.113
=3l - Sk 76.966 81.544 78.373 76.053 80.042
vA s 2.92 2.394 2.434 2.247 2.071
- TG/DTAE E3to] ZF A[gAY 450T Ftoll Mg Fitstds wallds 543 49, &At #d
nEgs o] FYErE st falldo] ik Ao® Yehd. ¢7]eke] HFo] HA
3 wjAlE i e S 2 vk yFoA uigt H GAE AWE Fo]|~Ee Filstdy 2t
o] ks AL THY Wo] FABLH 20HASS n)F
U8Rl 9 2 mades] a5da A Ad
-2 Age gEuEnstaTdel osed 2594 A S4E.
E. 36 4FAA AH s 49S 9 E2EHE HgR
A Weight (g)
Hlj gt w/c Fine Glass Glass =
Cement =
aggregate | aggregate powder
Plain 990 - 440 -
Plain-R 990 - 352 88
BG - 990 440 -
0.47 206.8
BG-R - 990 352 88
BG50 495 495 440 -
BG50-R 495 495 352 88
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E. 3-7 45A4A A9 As&

2+ A AR AFE () | AY FHFEFS = (%)

&7 56.1 0.7

Plain 39.7 0.6
Plain-R 29.0 1.7

BG 5.8 2.0

BG-R 5.7 1.9

BG50 10.3 2.0
BG50-R 9.9 1.6

- A71e] BE Hol Btk
2 20% A% AFEslol® A4

2 o=
uvebd. B8 =4 dFS eitat a2 AREeH, St el S8e ARkl el ErE
B203 4429 544 Ads a3E sk st @ wishBG-R)9 d5-oll= 579 AlrEe v
Etio] Plain A@Ael vlste] 1/771/8 59 A& detdo] ws 53 424 Ades

zhs AoR yEh.

oh B frel £9 mEeE 47 Wy 4
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€ 6.60 Variable pozzolanicity = between 0.4 and 1.2
ﬁ . Good pozzolanicity
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£6.20
2
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abou .
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o
2 560
§ 5.40
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5.00
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Time (min)
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Particle size distribution of [Boron carbide]
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Volume (%)
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a9, 3-16 A7IAEE A A-L¥E Boron carbide powders PSD

Eletric conductivity of Boron carbide powder
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(2013)
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SYNTHESIZING IRON-BASED AMORPHOUS ALLOYS

(US)09243229 Advanced neutron absorber materials Bechtel BWXT Idaho, LLC
(US) 11595623 Corrosion resistant neutron absorbing coatings Choi Jor-Shan
Amorphous metal formulations and structured coatings
(US) 11598940 ) ) Farmer Joseph C.
for corrosion and wear resistance
|RON-BASED AMORPHOUS ALLOYS AND METHODS OF )
(US) 12426769 Saw Cheng Kiong

(US) 08984689

Stainless steel having excellent thermal neutron
absorption ability

Sumitomo Metal Industries

(US) 2012-715058

RADIATION SHIELDING STRUCTURE COMPOSITION

Grancrete, Inc.

(ZALE HOIZ2 =8 &J1)

(US) 2001-790031 Antiradiation concrete and antiradiation shell Framatome ANP GmbH
(US) 1998-123979 Radiation shielding composition Bechtel BWXT |daho, LLC
Process for producing an aggregate suitable for
(US) 1998-030614 . ) . o ) . Bechtel BWXT Idaho, LLC
inclusion into a radiation shielding product
Device for receiving, moving and radiation-shielding Deutsche Gesellschaft fur
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