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< SUMMARY >

Purpose &
Contents

e The purpose of this research is to develop nozzle shapes and
magnetic nozzles that can control the fiber orientation and maintain
the fiber distribution in steel fiber-reinforced concrete. In the first year,
multi-physics computational analysis method is developed to evaluate
the control performance of the magnetic field and nozzle shape. In
the second vyear, based on the optimized design parameters, the
prototype of the nozzle is manufactured and validated using the
laboratory experiments.

* Research and development contents in the first year
— Develop multi-physics computational method for the fluid—

steel-magnetic interaction analysis
— Evaluate the relationship between nozzle shapes and fiber orientation
— Evaluate fiber orientation and distribution according to the magnetics
and nozzle shapes

e Research and development contents in the second year

— Manufacture nozzle prototypes based on the optimized design
parameters
— Validate the nozzle prototypes from the laboratory experiments
— Evaluate the performance of the fiber orientation and distribution

using image processing technique

Results

¢ Relationship between fiber orientation, nozzle shapes, and magnetics
e Fiber orientation with the magnetics and nozzle shapes
* Prototype nozzles and based on the optimized design parameters

e FEvaluation of performance of the developed nozzles from experiments

Expected
Contribution

e Improve the strength and ductility of steel fiber reinforced concrete
and exceed the limit of its application with economical efficiency

e Able to attach and detach the developed nozzle to the current pouring
equipment

e Possible to secure market competitiveness in the field of steel fiber
reinforced concrete

* Further develop and transfer the current research achievements to

steel fiber and concrete companies after the completion of the

research
Steel Fib . . .
.ee oer Magnetic Fiber Fiber
Keywords reinforced Nozzle shape . . L
nozzle orientation distribution
concrete




{ Contents >

1. Outline of research and develope Project e 7
2. Domestic and overseas technology development statug e 14
3. Research contents and perfOrmanCe s 17
4. Achievement of goals and contribution to related fields «eermmemrmmeeeee 64
5_ P|an tO Ut| | ize R&D aChievementS ........................................................................ 69
6. Overseas science and technology information collected during

ENE FESEAICN PrOCESS wrrrwwrsrsrsrsr sttt st 71
7. Security rating of R&D aChi@VEMENTS «rrrerrrererrrrmmmmeni i 74
8. Research facilities and equipment registered in the National

Science and Technology Comprehensive Information System oo 75
9. Implementation of safety measures in laboratories based on R&D tasks 76

10. Representative research results of R&D Project oo, 77

11 Others ............................................................................................................................ 79

10 RETEIEIGES wwrerrrresessrsseesrsinsmsin s in et 80



)

AL

O T EFTEA Qf TH L wrvveererremrmeeeee et

2. =2 7|z o

1.

14
17
64

- 69

71
- 74

75
- 76
=~ T77
- 79
- 80

of e A4

SH
=

A
T

AT LA

9.
10.

11.

AL nbM o Cf

7|EF AL

100

!
i

g

KO



A (2

=90
A= =

12| E 9 A Ao

T

[¢}

7 =

AT E
B

=
L

shol

S

o

oo]_g‘

Bl S
=

A

F o
=

A
o

(6]

AN EIA 2 R

vl I E -G -2 A19 A5 284 (magnetic—fluid—structure interaction) S 1.7

O x=&9

M1&.

B

ol

i

A 7

3

Multi—physics Ak

Eix

0

2
g

ol

o

o
Njo
oyl
ol
Jo

=

Magnetic field

W
T

bl

A

O a8 E9 F

YANAE gold, B2, EHH T

v

E
_=, =

R7 FAYEE B9 3y

of s

K

—_—

0
&
=

;QL
1

o
P

To
B
ol
oF
ol
700
Jo

0

<

)
W

N




4+
iy
I
bl
LA
L)

B

5]
1992

pegn=lngs

T
nnnnnnnnnnnnnnn

2009 2011

2003 2005 2007

1999 2001
1938 2000 2002 2004 2006 2008
He

2013 2015 017
2014 2016

2012

2010

1997
1956

1985

1994

1993

Fol

ad

AYES] AW =

T,

=+ B}

S|
=i

1.2

d ZAYE AN

ol

A7 A
9

o

F B 238 E o
Ao,

1A =

9]

SEE

RSN

4% 2§49

o
ol
Hn

T
il

N

=0

o

p

ol

o
TR
N

ol
A

)

—

0

4

B

o
o
o

Sh=t] o

a7

oju

0

-

A

—_—

0

o7
il

IH

~

]
=

A & 24 (Rheology)

A7) Q7 o] Fol A glot, of

}E}

o =
e ek

4

;OO

—

0
J_.NO

,_1t
=

o

B




Rt ZA4ES B @

o

el
0
B
pig

1

initial

O

—p—

r=495 mm
r=605 mm

—_— A g
——@e== g

amdgma g

160

20

= hy 3-D randomly distributed fibers

g by 2-D randomly distributed fibers

——=— for PL Specimen

120

e fOr TL Specimen

(NY) peo

(edIN) ssa43s a|Isuaj}

Deflection (mm)

crack width (mm)

a3 1.4 (a)

(Kang, S. T. and Kim, J. K. 2010)

be pAelnE, FEEY

R

[y
o
ol

Aoz 7=

=3
o =

o] 7}

|28 AR Ago] SEar glof, Al

x

TR
B

ol

st gl s 22 el 7]

© BHE o5 A3te FAagEelA vt

= vaEe B8 AT

fejoll A A4 AlL=E]o] ghond,

9]

==
Fro

%2 3

3 74 7]
B4l A

L
55t

FYEE H A7HAA o] 7}

=1
L

A B2

&

O w5,

o




3.1 HF 3%

JJo

0

oF
A
1

B
g

e
Hr

hH 7

g

A W AA

77138 (AF

Multi—physics

ol
=

7N

A

]

A 7

)1\_]:

&

=13
=

A 7= A

A

%

7} 38 E2] Multi—physics

A7t &

3

14w

_10_



(O Multi—physics

N

1.6—=7 1)

a9 1.8 madlE 9ol o

"



) A

— Fee ) n e

N

e AL

) A g

W)

]
=

N

~

& st

©
=

Multi—physics 34

)

al

=

= A& (1" 1.9

Z}
Al

(a)

Jo

o

oy 1A
Craaes
awu ~ HT_
oI —
_Mt 2 B
)
[ n_Aio
S % S Bo
o M oo m o
= e i
— D~ o o) —
;Mm T NS A g ok X
o WS TR
LS b o om ) ol
wr N _ = mBE="r T do &
CU o I o T
B
<

A A

_12_



T

;OU

Njo

z 4%

FAY A

5
pil

%8

H

o]-g-ste A Al

o
=

Image processing 7%

xr
pig

Jo

23!

7
2

NJp
™

on

Image processing 2

s

o

7
ﬁo
i

g

g

A&

=

1] 50~100,

N

0.25 ~ 0.75% HS WA S

s

AT Adow A<t

12Pd % Multi physics 34

ZHa1)

2 (19 1.10

Al

2% 110 FAY viadlE B wE AR 9 R oA

21 A
= =

of thsto] A Ef

=
=

H oebadlE =

Z}
4

o1 A

S

s 28

E3HA

A

Image processing 7|9

(729¥ 1.11 #1)

Al
ax

B

.

*U’ Test specimen

Fiber dispersion sample

_13_



X 2> HF &S
H2&. U2 7= Y A&
O =Ue] ZAF B4 S8 ES #dd sted (=1, HiA, @382 5 L= &
SYE T2E FE P AYE P BH SOE Be AT BusA 53 FY
(28 2.1 #a)
w49 REY 9 Uy
30
B2 EEZE HR
25
+ 2
ok
H 15
10
5
@N'v%g%b'\%g)cwwmvto(o
TS EOTINI TS PHTTTTTITTITTEOFY
TSRS STTSTS S
HE He
(a) (b)
a9 2.1 (@ AR R 23 E ArE =1 Fo]l 9 (b) AfF #¥4 U WY =% 4%
o AR B ZAYES AT WA Y REEE AT A A= "ol
B ol MEGA £ 546l dE A7
o B ¥ A3 Af B ZAYECA AR BEFEY xRS 5467 fst
uoE V& ATES Aol AR AR Hu Yol B A B vz 9y g
npd S E85te] WIS Alolsts 9 e AR AEd (R 2.1 #HE)
¥ 2.1 AR B 2AE A WS 34E F2 =8
A A Al & d =
Lataste J.F. | Characterisation of fibres distribution in a steel fibre 9008
et al. reinforced concrete with electrical resistivity measurements
. Steel Fiber Reinforced Concrete Characterization Based on a
Faifer et al. . 2010
Magnetic Probe
Laranjeira | Characterization of the orientation profile of steel fiber 2011
F. et al. reinforced concrete
Zandi Y. et | Effect of distribution and orientation of steel fiber reinforced 9012
al. concrete
Suuronen J. | Analysis of short fibres orientation in steel fibre—reinforced 9013
P. et al. concrete (SFRC) by X-ray tomography
Sebaibi N. | Influence of the distribution and orientation of fibres in a 2014
et al. reinforced concrete with waste fibres and powders
Alberti M.G. | Fibre distribution and orientation of marco—synthetic 9016
et al. polyolefin fibre reinforced concrete elements

_14_



S

O 20009 ~2017d7kA &

A °F 17% A

o] A9 F

I8
;OL

1

7}

N

°F 56%, M|

Y

om 20004

A

g

5

&
]
&
-

2000 ~2007

o

3

Ak 2000 ~2007d

W, Sl 7

o

7

(29 2.2 #31)
W 140744 20081~2016d 19071 0.7 Z7}3h

1036744 2008 ~2016d 474

il

w

il{

™
3

ilin

0]
=i

47

L=

R

A7 S vk 9

]

Kl

RN

=2

=

o

s

Sl
30

<k 2
ot
) 10
wjr

3 Al

H}- 3k

bNQN
%NQW
&) 0>
%NQW
WNQW
N,NQW
QNQW
6p, 0>
&, 0>
NQQW
%) 0>
%QQW
c
M,QQW
..VQQW
ey 0>
c

[0

B

—_—

il

A
B
g

_15_




E 22 A% B4 2AUE A4 PBY L BEE A 72 53
249 Bk o
Akazawa, et al Device for disentangling and spreading short steel fibers us
Method for controlling orientation of reinforcement fiber
in confluent part, and confluent structure of fiber
OHBAYASHI corp. . . . JP
reinforcement concrete member or fiber reinforcement
mortar
ISHIKAWAJIMA Method for orienting fiber in fiber reinforced concrete or P
CONSTERIALS Corp. |mortar and fiber—orienting fixture used therefor
MATSUI KATSUMI,
MARUYAMA Fiber orienting method and apparatus used therein JP
KATSUHIRO
FARN B4 |2AYES FERY BA FEEA KOR
23 72 3 AF ZAYERZE AT FARA A KOR
v g, A H AFR7;y ZYE B8 =5 KOR
O ¥ #At vlade-45-12AY 4528 neste] 2ae g FAF B
¥ Aol &S MEstors 7]E W nls| xpEAdH 5343 o] sof A Ao
9 71%H $98 AFE 5 Ae
O uu 2459 Wags BEEE A A F Qi =29 A8 % A7AN

_16_



!

e e = agt, Al

ol

z0

i+

o
R
<

Njo

T

o 9

N
A

o vkl

\!

»AO
0

PRu e Al

)
=

AYE

N

e
N

O

1Ho
Ho

=K

o
Nk

O & #A 9

BN

Ko
)

o

,.n_mo

&+

K«

o

ol

;OU.

7
xr
T

aL e o

o

=
-T-

|

o
=

e Agskek AFEE

L=

[¢)

A Az A

=l
=~

=
T

A E ¥mn)

=
L

ofny

0

g
s
)
T

ojny

o] 7= ARk

=
=

I} HE7F

_17_

SER)




AT B

¢

ol

0
Mo

25

AT LA

1

ko1

[}

]

il

¢
ol

0

25

o

=) oq
714

3 A A

77N

A

g

A
7]

i
oF
|
ﬂ
-
g
g
oF
572 B T T
i T TR Ew I P
~ MHH X0 pﬂuq\aﬁﬂﬂuﬁlio
= wr o L N = = N Ha o
i X o e H A A ol K
| = == 0 ° 3~ }ﬂaax]ﬁaui
Bl &o duﬁ_ﬂ mmOMq_lEUm.ﬂrLﬂ)ANE
I~ o Of) o B o) oT miy
ol Ho 2 Bepodrulps s
Mo T Rl B AU
| | |
w EWE H eselare
ﬂﬁ jary T X n
N P W opx iz
lo
i LT LH_ Fgplhp
B _A Q,Wou_lmqﬂﬂﬁ%amﬁﬂ
| =Rz < NN
N - N N A <° T ="
S o Sy D
N iﬂat H Mo e &Eﬂaﬂo Jo
|

_18_




A3k of
-

=]

3.1 Qj?m

m NR
z s A o
7 ol e iwm % i v <
Rt — Fo) —
. m i 7o) ﬂ _ﬁ CRRN 2) M B of
w —_ i) ~
z “ E R T e oo R i . o T T
5 .09 o g o X | o =~ =3 aY by
.~ =X P < = . | o T ° of 4 K’
K o H f i~ 0 AU
5 S wo | TwlhE Te N E R Ea
EI# o) T o] L1_ ,M XH L1_ = ~ J) o H_T i Lf ofi Q Tor
- W :.L - = = < T . ol o NS w w MAIU B ;L)Wo s N o W Wﬂ% N X
= -2 s Mﬂﬁ.qolﬁwﬂﬂ 9 = S = . o v B T = H g
o T P e T EL 4 io? 2Tk wE Y o) B o X
< x e .mzaﬂ%mg% s S %mWﬂ_omm DL aﬁﬂﬂ o A
[n7ze) N . — ) il —
ol ,md %i@ﬂﬂﬂmﬂ 1%0, c % e N T o el el = = Ca o T
n 4 e B ORR B 9 o N 7@;017 @1;_1 T RN N
Y S ) o RGN >N g Lﬂx}aﬂ% N D
s Iz® S oF ﬁuﬂl%oﬁw %Liuﬁzﬁ Lo T T
-y s X5 90 o T N LA I T
= X 5 5 E o N~ N o7 T ] | o7 R T LU J
| = N Ny zm H oo o o T o= 2 N w o7 BN ~ = H W
. :.l i -~ = 1# E EM =3 ~ = sl E = e Y 1__/l
oo . o a4 8 = . ~ = oy X - B i o B o1 ~
iy = 2 3% K 2 T T - oh N = s = 0
CH R . N IR S ™ ER TR . w0
=o X T . R | o o = T o o MR o7 oF o
(3 KH HT_ ol . O HE - Z_E o B ~ I Eie o %
Ak o % o = T T el RN ! T 2 X oF
. o o = o M ) n.MO L 1I o) S .UI ﬂ_ol 3 = &E 17_.0
Wl A = e R o= . o eg| DA <
= oo N mo g ® = 3Ly T . 2 E N T ®
m% It H o S o 97 mmmn% = . o
° — T < -
B A B o N ° w_u wT_ S Y s W
= T J -~z Eod X 2 ga
PR 4 0 o NJny O AF T ol X = 0o
2o F N o O Yo RO gk F
A SN W8 J N o
s W 1 L, o T o = o
3 N o o o = T -
= 27 % D % 5
% M.m N N CE O M
= N o- ! S
te 525 e
5N © 5 ht
[ _
s % 2 &
e
s < H iy
! = "

- 19 -




T o o7 B = ]
dﬂ_ - oW WM ; EE X & S = o
< 5 _— R = = I ] ,
R R TN ooz T T OERT w2 RSN AT
o & ro Mt | X T N = =  ~ o R B [ 9 % - T T
B oz H - 73 | Lﬂﬁ S 5 ~ T o= N ar o ol N r T O S~ X
Z#E my wyAto ~ o) _ZT.C E# ) T 100 _ZT.c R —~ C# (L\ W = = [y _z_.:._ 0 L‘._ Z,.* "y NO ﬂ_ol ‘_WD _ ,.:o
S A Pe oox |2X 28w gV L T s o
L E L e by - = Sy oy N YN T ooz °of N p o Mo o) = Ty o| B B Ao
= o o} J_/| \Mu_l ‘wu Oﬁ N ol o MVFL ﬂ_/ﬂ > H;E ‘_L._I o —_— ,ﬂl _E R = ‘_nva - vi - OﬁE ! n_AIO
T d " o | T o "oy < WS e T N wJﬁ o} %__ G o g5 o % o0
n_mU ,.w — OM [@N] ﬂﬂ © :i 1_.._ e AT I ) _.i 1o 1 L; AT — EE = X X Mﬂ ui XO ﬂE —
° B 3 [ SR ca o w N & - L
== &E — 17rnm —_ —~ Eﬁ O# Ot ) ‘wl‘._ [ Oﬁ m) n ° .OI OT ~ O*E )AE ﬂ” - O#E ﬂ_OI
o 11 ) -~ zT_ fo) o} Lb o 52 0 H = o 5 = = f E._ et Ea oo B ﬂ__ﬂ u_.e NI 7 = HE
. S A R s Ce wlE i 2% 5 T ® WhT R L
ojy S o TR D w_fmw 8 H M i W/v 1__1_ = M = 1H_1_ Db gl T T = X0 N MM oT % N __ﬁm P Wv - 0 o= X Jﬂ.ylo
zr < o0 | oF | K = T of — N 2 s 7T 2 _ X
o= ™o H g X Yl & N W o N o N N <o P — X w0 N, oF %o 1o o
= A petlel 2SR a5 v TR S E by D
% < N =~ o Uy Np oo 2 H 2 H ey I | B b = 7o N B =
oo NAE H e | I - — I m X v 2 N - oF - S O o] T oF wn
2 m W 9 % ~ 3 & Mg | R o I o
X HE = M9 2 | M 2oy o o 35 o
. < ,He EE OE JI_I = ET X ,ml N ot 9] = s
° ° ° ° ° - (@] — a ﬂ g a G_M 17r0 ,;lojﬂ
2 Ar WJ ! o D i ) . * . .
) = m% L O T o B o7 o
5 %o o = o N T wORT 7 o gy
< o, A, RN .
= 0 \_lm,._ _&.E S — En_ © 2 T 4 g = 00 = X
o~ Mo SR S o i N o B
N~ w2 o W g R H 5 " o
TP iy W EWN gr Mo Wi = ET o5
L g X g ek = o ®o T
= RN M M o B o Mo L] =
A oF
157
=7 N ®
Nro hi - O_E @M
8o ° myTu N ﬂxwo
e N
i <
~ B
T w_orm R
X oo
® o

_20_



W

T, B, TB, ®}14

45712 A

o

]-oq =

sto] BbE A, A

9

A 2

He
=

gd
50.8%, 2.2%% H71¥9&

thal 3702 Al

J

S

sfol B Al %

™

o]

~N

J)
X
o
B

0.586, 0.051% H7lE A&

9

¥

,AO

= oiv] 2k 35.0% ©]

H

0
G

%

5|

Dz

G £9F (0.25, 0.50, 0.75%)°] u}
= H7rE

[e]

1}

=

0.051% YE}

I <k 20.5% ©]79)

3

-

THAE

v
ar

%2 0.653,

Gl

A9

T

P~ -
T

of wel AT EAatEA

).

A EY4EC] 0.25%04 0.75%= 57}
°

=4

9

T

pre

= tiv] <k 38.6% ©]

H

0
o

s

=
-

Ao} &IHE 29

S 915 (0.25, 0.50, 0.75%) ] u}

#HA3te T, B, TB,
nf 7y e =2 o

=K
oF

N
o

¢

1
I
i

e

iy
B
T

¢

1
I
i

B
g

0.062°% e}

| —

R

S

;i

I
gl

0.706, £

o

R

ok
— 21 —




o N T B oA R ) B W o N T = M e B = o N
0 0 0 O 0
T Py Jrxg EF 47 2 e DS g ogwm Hy T "
EMJ_/I TS %o T o ﬂ._i &ﬂ/l 2o ™ oF =T S Euﬂ/l
Q IS X0 . D T U4 o Q IS TR Q Q IS
& ® o DR ST 28 Se 5y gl o BN g° o wp
HE . o %m e~ 8 BHLO.AT of S ) o nluEO.AT
o S NS A S = o =% 2 55 K o
oo XM Ty e sz 3 oo XM R X2 By B g LW
I s R ST o T = b w T
3 NS S RS XK " NS < S ~ AR < B " SR
— o) o B od o T — Yo < - & R — N — Yo
= N N B — > Ak O o b ® D~ 0o T T 5 N
= S B R e . Wi = o9 S W N om oS = S
= ® O — = 0N — = ® O X o~ oS X X = ® O
63 o | < = S N < T oF WS oy S oo oW I T ok
Np i o zn R oy o N = %0 - Np i o zn R ~ = mo o S Nw B o zn R
HRoge~ | 8 e oo U HR e~ | A o W H e~
g ﬁﬂ% a‘% _Lmom”%ﬂ T2 T ﬁﬂ% H ol m“ﬂﬁ imm L mﬂﬂ%
8o ol | o ) TO S 8o ol NA N o) o [ ol
2T LM S EDReR M o Phwize YR TS0 ETE,eT oEd
o ok = of | o Foaroor o Ao = o F o | T m m EX A THE ok kS o
WT TER | HN ME BT g% MWT BTN OT R T 07T weE TR
R RBE [ ERRT PR BREE N PR R| FAT W vl T R R
=
ol EK = K
n_EuMOAT = o AF
T o T W o =
NI H =
H e @ oo M
oz I = o W
~ o 1__l|_17ro
=8

_22_



= ARl s IR Ak ke A A S $18ke] COMSOL multiphysics
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(b) G=20cm (4 fibers)olA 7}&-d A - shdt A+ 4 gxE A

713 3.8 Multi—physics Ao 238t T—

E 34 T-%Z AN BE2S A% w9ne] A 3R As
Gradient The Number of Fiber

5 c¢m (0.5d) 3EA, 4EA
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-15 +
25 —o—Dc/Lc=0.6
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19 3.12% Multi—physics a4l ot z+ =] ¥ A7 FAF9 oA]ol, TB—
w& Edol: H&F fAd wE 7+ AE AR WIS 19 3.13-3.169]

A A B &
2% 3.13-3.16914 5l vhel gol, Lelol =7k J1Ee] A% wholh ek o]
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4 i L,=100 mm
b E—
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v

a4 311 HAF T-=59] I
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% 35 TB-:% ¥ E&S 93 W5

The number of fiber Location of blade Length of blade (cm)

First nozzle

Between first nozzle and 5(0.5Dy), 10(1.0Dy),
converging section 15(1.5Dy), 20(2.0D2)

4 fibers

Second nozzle

(@) A4 shek BARe 2 92

S — —_
-’ F = - - = - - - - -1
Ocm bem 10cm 15cm 20cm 2bcm
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