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A Study on Evaluation and Improvement of Current Concrete
Median Barrier under Local Impact

Lee, Byungsang

Department of Civil and Environmental Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

The speed of vehicles on highways has increased due to improved driving
environments. However, this increased speed has become one of the main
reasons for collisions between vehicles and road barriers such as a
concrete median barrier. Several collision accident along the Korean
Expressway have been occurred recently as a result of flying concrete
fragmentation from the locations of collision between concrete median
barrier and heavy vehicle. The current impact level of a concrete median
barrier (CMB) is SB5-B (270 kJ). However, it was found that new concrete
median barrier deigned based on a stricter impact severity such as SB6
(420 kJ) could resist against 85% of total truck collision accidents observed
in S. Korea. Therefore, in this study new CMBs were developed under the
SB6 impact loading condition. Several designs of CMBs have been presented
and numerical analysis were conducted to evaluate the impact resistance of
CMBs against vehicle impact loadings (SB6 impact severity). Developed
numerical models were firstly verified with some field test results and some
important key parameters were calibrated based on field test results.

Every proposed designs of the new CMB were evaluated by both global and
local numerical models. Firstly, commercially available wire-mesh
reinforcements and an increase in width of cross section were considered
as design modifications. Furthermore, in order to applying new impact
severity from SB5-B to SB6, other types of concrete materials such as steel
fiber reinforced concrete, crushable concrete and fiber reinforced-high
strength concrete which have been known as excellent materials against
impact loading were considered. Finally, two optimal designs under SB6
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impact severity were proposed with considerations of the construction cost.

KEY WORDS: Concrete Median Barrier, Concrete Flying Fragmentation, Impact

Resistance, Cross Sectional Design, Impact Analysis, Local Impact
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FIAYE FIEHU FEAIAHTS MAsH] A% ARE HESA
™ SFRC, UHP-FRC, Crushable Concrete
o] lom o] e T&F AUt FAEIT AT

SFRCE= Steel Fiber-Reinforced ConcreteZ uig ©AAA 7 -7(Steel
fiber)e EFst 7| FAYUERY A7} A /M EH SEATA
5o ¢33 Aoz #AdHE} Barros and Sena-Cruz 200D 741
of SFRCe] AuA AHes gste A7E Ak obdf Fig. 2-7
o] AT A8H EFEEZ Fig. 2-7@<2 AAFE ETFsIAES wWrRG F
2-8()e] Ez=2dH AFE EFeRe W FAYUEY FAAZE 5l H 7H
A= At} Barros and Sena-Cruz (20012 @475 st SFRCE &3
THEGN Y FEHA A AP A gS AL

@ 24+ z
Fig. 2-9 SFRC =345 ©H

UHP-FRC (Ultra-High Performance Fiber Reinforced Concrete)= %34S
AR B Zaz e L 7] By I E v& 13E ZIE
G EUASto 2N 275, 93 Y7A, dAAE EAH 58 "o gtk
Habel et al. (2006) ©|21gF UHP-FRC®] <A77t wE thekst 7|1 AH A=A
< BAHste A5 FdAY B dAFodAAE dF S =@5MPa) o)

2

CSCM2] #1417 A= Qste] FRAEA ¢ko} UHP-FRC7} obd 85MPa 7= 9]
AGE FAZES FRCE RS 42 Aesiion A=y drridad
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Fig. 2-10 UHP-FRC properties (Habel et al. 2006)

Doyle et al. (2017)& &3tv]o] w}E Crushable Concrete?] As &2e 9
gt ATE —’Ff@%}%lt‘r. Crushable Concretex= $4&F ZTAYERAN S5 &
A A WE o] BAste FEE WAStE oUAE WF s MYeE F
g F o] TEA FEsth B A AGEHE AdUAY e =Y

of FHACEHRE JlfAE H g5 FHE AESE AXAE U JderE I

71 9%, ¥& &F=2 Sl At oy Ui ¥ =
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ofN [

- ro

oot
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8}

Fig. 2-11 Crushable Concrete (Doyle et al. 2016)
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2.5 AAIzE F34

2.5.1 Olson (1974) o] &

ket A FE3F F42] 5 Olson(1974)0] A A1E o] 7h4 331 9] &HA|
Z2E53F 23S 98 AL Uk a3 FEle AS o] &ty FEdE
< 4= 4 Qo Olson Model& ©]-83% Texas Transportation Institute -
H A (NCHRP Report (1986)°ll= AA AFZEAFH 22b& +20%= A
o] FAYE A5 F Ae ASE Yegn ot Fig 2-12& FdEHt

Fig. 2-12 =249 7% 7Id %= (Olson, 1974)
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A ARE F8 8% F N 9% MAE NP WEE o F 4%

o BAHFS 9% FANFE o] g3

31 238 E Azrd

FAYES AR A3 vie} o] CSC EAS AFEsHt). Fig. 3-1¢
= CSC =g o] A &EH(Limit yield surface)S YEeEII T CSC 2ol shA &

B\ e Affine-exponential splinee] HejZ ofgel 22 28 o]&3sty ®d
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Fig. 3-1 Continuous Surface Cap Model (LS-DYNA USER’S MANUAL Materials)

CSC oAM= WEFEdd wWE THS7HIT 4H-de st S99 F/H(UA,
Pk MEE 30s 'S VIELE MG e Ae A Est] Ho U 3
Aol 753ttt CSColA &3 A5 (Young’s Modulus)= oFeff 2] CEB-FIP(2010)<
A AABEE Al ol &dte] fFFEHE @S ARSI
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(3.2)
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7] A,
Gy7 : rate effectol] oJsf F7H8 33 o |
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¢ . Effective strain rate
n : rate effects %A
r o 27] "uA

repow : SR 7} BAMAIS

T3k olgst HIFE &S50 g Asto] gloH 249 AL F3sHA
H ol HAII} AAt=E g2 ATFS HolA ok wEbAd Ho HYg
&5 5 A= Aol sty o]z A7} overstress ©| T} overstress

G AN BT 5 Qor ol ge oz APt

fe me o

if Een> over  thenn= OZ’?T (3.6)

o714
over : overc, overt d=AFH AAAZA ALt overstress
E : e8-3A4 4

¢ : Effective strain rate

32 7Z4A Asxd

2 AT E AHEEE AAET 2 golor Ao ARRE L ey &
A 29 (Piecewise linear plasticity)S AF&3lAth E AMznde 79 &
o]% Zg}(Hardening) e EAISH= &AM AFS 2 WHEPESZ(Strain-rate)

H
s EFe Qo] B o] Agdsith E=3 ST o)l: 849 AA
(deletion) S Y& & MPES 24 7)o 23 YH3IA T} Piecewise linear
plasticity= W& £=E5 1L¥st7] st Cowper-Symondse] 2l 28313
th. o] A& D& po AF#es AASEE FAH Jon B AHGoAes
Chung et al.(2011)¢] AFolA AAIH 1.05E+7 sec-17} 8.3 z+7 A&t}
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2
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Fig. 4-2 &340 Al8d Egrd

FERd MEs FIPs5t7] st CSCM AHE5RF e F8
T AFE FdAT. 237N AF7 vkel ol 20173 (FAYE
d(SB6s =) HATH /N, 20179 sid2AxE nig o2 38 W (Erode,
Friction coefficient, B, Fracture Energy, Mesh size, Repow, Overstress)E 4174
StA A s d o] g 9FS F+= Erode a2 71EF ARE A2 Lee
et al. 201NE st ARAfA S Fa 2 A9 7P A3 e Hole
Erodezt(1.1)s AAstTh oo gt MFalA s Fdsty AA F=AFE 2
IHE FSEHH015 type)st ex-CMB)E vl w3ttt 238 E A% 33 oﬂLﬂ
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Ho= 023 ZtiTable 4-1).

Table 4-1 227 Zo AL8E FHF vy @EEF AL 2017)
. 53 % o
= S a o =
i1l 2.% | 85 3 -
Q 2 Qg .3 = Q =
m |88 ERE | @5 | o@8B2 (58| 7
g |28| €54 | g2 [5mE2 22| 8| § o
[©) o) 2 e =) < o o | <2 = = ¢}
=3 8822 E =32 8 = 2
S| ¢ % a8 @ 2 g
5 s | &% S
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ol ol WS FEFAY S AHAE Plust o

TET oA dEel
AR

H=%= Q9

FE 57 g At FHEFE AE oY

SB6 SB5-B(20A)

420 456

7.54 8.00

100,000
90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

0

Volume Loss (cm?3)

12015 type
A ex-CMB

- [ 1st ex-Barrier
0 2nd ex-Barrier

1st ex-Barrier | 1
(33,700)

~ 2015type
(32,500)

fex-CMB (14,600)- |

10.05ton 15.05ton
(166kJ)  (249k))

6.0ton
(100kJ)

5.03ton
(83kJ)

7.54ton
(125kJ)

Fig. 4-6 232314 23

8ton
(133kJ)

9ton
(149kJ)

_35_



164 cm 111cm

i

@ A FYE)
137 cm

() ex-CMB field test (d ex-CMB analysis

(e) 1st ex-Barrier field test (f) 1st ex-Barrier analysis
131cm

(g) 2nd ex-Barrier field test (h) 2nd ex-Barrier analysis
Fig. 4-7 2=37 vl (7.54ton)

_36_



o
Z_l

)

or

Total Volume Loss (% or ci) (Eq. 1)

GM + LM - GMLM

A A

—

4
"
-

R

No
o

)

1o

L
) Y

Fig. 4-8¢ Wetllth. Fig. 4-89] (a),(b),(c)

e AdE

GM/FTS %k

L —
) Y

3

AIFTE Hlu

EZEAY
(Fig. 4-8 ()& Awrg oz 11t} o} =

ATHGCM)et A

2k

Wy
Ao

ZAA

o =RF=s4 A3 LM<t

At W

|

LM/FT %k(Fig. 4-8 (b)) &th

0
o
NS

)
~
o

ST

Z =4 y¥E

s Ke)
&=

L
) By

Bl

H]

FDE

—~
o

oju

4.

53]

of whet

3}
=

Al <]

=
=

s} R(GMLM)

HE =

=
3

ol A

ol
=

oju

FSAT.

S|

e g

2k

she] Fn3E

o= By

==
T

A1
ax

Z

== 3h

= 1A A
A2 YEH.

A -0l A

LI
-

Bl

A1
ax

_37_



2015 type
1.5

1.0

2nd Ex-Barrier 1st Ex-Barrier

Ex-CMB

(@) GM/FT

2015 type
2.0

2nd Ex-Barrier 1st Ex-Barrier

Ex-CMB

(b) LM/FT

2015 type
1.5

2nd Ex-Barrier 1st Ex-Barrier

Ex-CMB

(©) (GM+LM-GMLM)/FT

Fig. 4-8 GM, LMS AR&3 A4 3

_38_



A TS AT TIEAY @EEA

5}

.

42 SEA

oy

] E(Fiber

HHngu e

Bis

2~
E . =

3l

B

reinforced-high strength concrete)

al

oy

421 E37)

oju

Ho

N
B

]_

F ST

S

3

2=
T

=
=

)

To
[y
or
oy

SFol .

B sfoloful4] A7_sfoloful 4@ S weoloju)4]

AUE

Table 4-4¢] YEFHATH

—
o

7HFig. 4-9 (bHAIA

=
[€)
_?4

}d

°

SFATH

°

]

AAsEdNde +3

75 mm (Ao = vz

[e)
A

=

L

) By

Fod 19

Fow Sie drZo] gfojojuHE 2
(Fig. 4-10 (b)) ¥ AFolA 2 s A

_39_

°

°

tol 2EAIAS

°

s (Fig. 4-9 (©)

s}

=z
uf o (Fig. 4-9 (@)

il

Bis

150mm x A2 150mm(Fig. 4-10 (@) A 7} 150mm x A2 100mm(Fig.

913l Fig. 4-1001 49} Zo] 2% wl ¢ el A
4-10 ()=

Wo



il

0

Wire mesh
D25 Dowel bar
Spacing : 450)

7 0L2'T |

: 150X150)
1 450)

125

125

Wire meSh
D25 Dowel bar
(Spacin

(Spacin

| 0LZ'T |

585

Wire mesh

125

(=]
LN)|
7
— LN)|
0
LN
N|
| 0zt :
2
—
x
R
& 1125|125
=
3 I o
28—
...................................................... w
...... |
LN
$
S
- ]
0zt 4

N
Nlo

(D

- 40 -



120

7@150 = 1050

006 = 0ST®@9
0ST 00T 00TSLZ SL

00¢

6@150 = 900

g
I

A

_v

(@ ¢folojml4] (150mm x 150mm) (b) ¢tolom 4] (150mm x 100mm)

Fig. 4-10 ¢}ojofml+ 7R

_4‘]_



Table 4-4 @ % 3 A= S7F A ndo] o W<
T g | Selola | gw | SOl e g
v W o (m:n; A7 32 22 Rz
EA) (mm) (mm) (mm) (mm)
150_3.2_S_w150 D32
(F )
150_@5.8_S_w150 D5.8 150 x 150
150_@7.6_S_w150 150 D7.6
150_99.5_S_w150 D9.5 NA.
200_#3.2_S_w150 D3.2
200_ 5.8 S_w150 1 D5.8 150 x 150
200_®7.6_S_w150 D7.6
200_09.5_S_w150 D9.5
200_®3.2_S_w100 D3.2 NA 75
200_ 5.8 S_w100 D5.8 150 x 100 75
200_®7.6_S_w100 D7.6 75
200_09.5_S_w100 D9.5 75
200_®3.2_D_w150 D3.2
200_ 5.8 D_w150 D5.8 150 x 150 NA.
200_7.6_D_w150 D7.6
200_®3.2_D_w100 D3.2 75
200_ 5.8 D_w100 D5.8 75
200_#7.6_D_w100 200 D7.6 75
200_#3.2_D_w100_1@D10 D3.2 1@D10 75
200_#5.8_D_w100_1@D10 D5.8 1@D10 75
200_#7.6_D_w100_1@D10 ) D7.6 1@D10 75
200_#3.2_D_w100_l@D13 D3.2 1@D13 75
200_@5.8_D_w100_l@D13 D5.8 lep13 | 150 x 100 75
200_#7.6_D_w100_l@D13 D7.6 1@D13 75
200_#3.2_D_w100_l@D16 D3.2 1@D16 75
200_#5.8_D_w100_l@D16 D5.8 1@D16 75
200_#7.6_D_w100_l@D16 D7.6 1@D16 75
200_#3.2_D_w100_1@D19 D3.2 1@D19 75
200_#5.8_D_w100_1@D19 D5.8 1@D19 75
200_#7.6_D_w100_l@D19 D7.6 1@D19 75
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go% FEAFATC] 94 ARE 48T 9o alAE Fig 4-11of

[¢]
Wor sjdwee] iy WeE Table 4-5o Uebdth 4 mue o)

FEATAI S 8 A== SFRC, crushable concrete, ~12]31 Fiber reinforced-high
strength concrete® AT ¢--3 AE8E F&F A9olBnE FARAGY 2
A SEHY DS IE FASIIeH Wi 9

ojojmlH 7} §le= AFol HalAE HEE st

Wire mesh
(Spacing : 150X150)

Steel Fiber Steel Fiber

o o
~ ~
o~ N
— —
D25 Dowel bar D25 Dowel bar
(Spacin (Spacin
Y Y
N N
y 1 y U1
A= A=
N N
y U1 yul
ke 585 , L 585 .
©) =X T -3 AE (d TE=AFdFA 73 AE
&3} + ofojoj w4

Fig. 4-11 WA 7S 913 S EHeH2)
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Table 4-5 FEAFA 5l 58 Anel 42 ga Wy
(o] -
T gz | Selema | | | anas
E_Iﬂa]ljg U:] o~ e Z}ZED‘ ‘E-]E_ = Z_]:Z:]W
ST mm) () () (mm) ()
(EA) m i i
150_@3.2_S_w150
ey 1180 D3.2 NA | 150x150 | NA
(& 3S=2d)
SFRC1.25_W/O_wire
SFRC2.50_W/O_wire N.A. N.A. N.A. N.A. N.A.
SFRC3.75_W/O_wire
SFRC1.25_W/_ 3.2wire
SFRC2.50_W/_ & 3.2wire 1 D3.2 N.A. 150 x 150 N.A.
SFRC3.75_W/_ 3.2wire 150
Crushable_W/O_wire N.A. N.A. N.A.
N.A. N.A.
Crushable_W/_ @ 3.2wire 1 D3.2 150 x 150
Hi_SFRC1.25_W/O_wire N.A.
Hi_SFRC2.50_W/O_wire N.A. N.A. N.A. N.A.
N.A.
Hi_SFRC3.75_W/O_wire
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43 ANFEANY 2

2 AolMe 4270 AAR @Rl distd A TEMg = FHsta d
TS HA50_03.2_.5_wis0)e] TEAIEEH vaEAsisit. @
t(150_@3.2_S_w150)01 A ZAET B e e AAZZsN AnEs
4.3.100 JErAI ©EE gojet FAF SUHE

2] E(Fiber reinforced-high strength concrete)®] AAZ=Es14] AHS 4.3.3% ]
UERAS ol Fig. 4-12& S5 ¥ AF9 752 Uekd & 7HA s 2ol
o 2E oW 2doA A HE, 49 Fo] glen F3 FQ AHho=E &

S g =3I Fig. 4-130= 2= $%(Pitching, Rolling,
Yawing)& UElWor HEZEAE At vlwste] fASH #AEs gl

(a) 0.05sec

(b) 0.15sec

B

(c) 0.30sec

(d) 0.40sec

Fig. 4-12 &= % #ZF9 A&
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80

Limit(75°)
60
40
g % B ———
e ’-‘:.&—-ﬁu‘-ﬂ‘“——-—.—._
D —elmETR ST T ===
o -
0 0.1 0.2 03 = = = =04
-20
--------- Rolling_Exp. = = Rolling_Analysis
40 | — - Pitching_Exp. = Pitching_Analysis
60 00 Yawing_Exp. = = Yawing_Analysis

Time (sec)

Fig. 4-13 #aFe] % (Pitching, Rolling, Yawing)

431 WRAAT Z71 BE AAFESHA 2

THEYUN FEAFAE T ML T 7HE &l Wio] Wiol s

% < 7= BRolth wetA A4 FE&F FIEENY 4F S
LT Aol WFe widE = etolofuld] FAFS FUIEt M s
st th ol ARFAL A YA 150mm x 150mmel A A
9k 5.8mm, 7.6mm, 9.5mm=zZ ZF7}ste] S Yt 1 AIE Table 4-634
Fig. 4-140] YetAth. sid24% & S tH(150_¢3.2_S_w150)+= 92.0%%]
vjELEo] WA v Sfojojul Z Aol FUISte wet FyEdE] Ta
ste AFsS Bt Solojule] AAo]  03.2050_93.2_S_wls0)olA @
9.5(150_29.5_S_wlS0)= ZF7}3te= & FHPEAEC] 1.1% EAste] 98.8% 1
23S BYth

™

o
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Table 4-6 WH2A % S7to] BE AAZENY F9EAF

AT
o 2 fe) 2 1=y3
e | Seloa [ stelotmay | ST ] )
w %7 7 suE
(mm) t4 (EA) | (Kg/m)
(mm) (mm) (%)
(mm)
150_03.2 5 w150 150 ®3.2 150 x 150 150 1 0.8 92.0
(8 F4Eg ) ’ ’
150_@5.8_S_w150 150 ®5.8 150 x 150 150 1 2.6 6.3
150_@7.6_S_w150 150 7.6 150 x 150 150 1 45 1.9
150_9.5_S_w150 150 ®9.5 150 x 150 150 1 7.0 1.1
30 20
F=Global Model 18
25 A EZ|CH 92.0% Amount of steel rebar 16 E
oy
g2 %
g 12 @
<15 10 ©
S 10 6 ,2
s §
> 1.9 1.1 2 <
0 EEE Eeem 0
150_3.2_S_w150 150_5.8_S_ w150 150_(7.6_S_w150 150_(9.5_S_w150
Fig.4-14 HF4AZF S7tol W& dASEs14 FaEdE
432 9AE 9 WRAAZF SUld B AASTEHY A
T mAdEE gfolojmla e AA o] DI0 EZH FAS 749 Al
A RS St AFS stEE F77F STkt AlEA o]l wg- "olXn =
B AT A AYATL oW A FEF7te] B2 AYME Bad golth



BAE STk FAIO AlFA S TR S8 ekolojulH Aloo] JA T

2= 100mm)o] B astty wehs efojojuHE 2o = HXA| 57| fsiA
d TEEdde duFo] FuFojoF it & AFolM= TdEE
Z& 50mm F7Fste] AZEE gle]l 100mm HZ <]

A= |
L ES 9HE 50mm Sk E IEEF
=

o r}i _‘rlﬂ
W) norr
(ol ®

o
N
B
g3
ﬂﬂﬂ

AT @ FGEHA50_03.2_5_ W50 A= 92.0%2] 3| Eo] LAY
= Ut AAFel S el me} FyEdEe] 0% (200_@
5.8_D_w150_1@D10 °]4) @Aste] & FFE2th(150_03.2_.S_w150) thul o
99.9%744 A" & Y Ao= FAARTHFG. 4-14). ot AAFEH R
o] B¢ IHFE] BAHA %
HH(200_25.8_D_w100 ©]%) FuELEC] 0%l FH3HA 2 Aol7t fle
AL A 4 ik mekA 200_97.6_D_w100 ©]3e] =

_ e
A AR ot MAlTEEDAA aPekA G AAFEIH AN =
=i

AN

>

.

o] FHFE
Aol Uerdth AAFENLANE e 4, U5 A% AL B
o 2 28 H9or nE AT FE T U9 2 5] glon 3
He FAARMOE IS FESE Ao FAAT
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Table 4-7 A% 3 yRgAT Zrlo) B WAZENA BAEAE
Solojul4l | 4% A2
2
s yuz @5 | aew| T
mm) | A4 | 24 | AR | 4 | EA | Kegm)

(mm) | (mm) | (mm) | (mm) (%)

1?%- ?;g -awaf)o 150 | 3.2 N.A 08 | 920
200_#3.2_5_w150 ®3.2 08 | 15
200_#5.8_5_w150 058 0 5 26 | 0.1
200_#7.6_5_w150 076 45 | 00
200_39.5_5_w150 ®9.5 ! 71 | o0
200_33.2_5_w100 ®3.2 09 | 26
200_#5.8_5_w100 5.8 28 | 00
200_#7.6_5_w100 o160 NALT 49 | 00
200_39.5_5_w100 ®9.5 76 | 00
200_#3.2_D_w150 ®3.2 16 | 00
200_#5.8_D_w150 #5.8 | 150 150 53 | 00
200_#7.6_D_w150 ®7.6 91 | 00
200_#3.2_D_w100 ®3.2 18 | 05
200_#5.8_D_w100 #5.8 61 | 03
200_#7.6_D_w100 SR e 104 | 02
200_#3.2_D_w100_1@D10 ®3.2 ®10 29 | 05
200_#5.8_D_w100_1@D10 #5.8 ®10 68 | 0.0
200_#7.6_D_w100_1@D10 ®7.6 ®10 109 | 00
200_#3.2_D_w100_1@D13 $3.2 ®13 ’ 37 | 00
200_#5.8_D_w100_1@D13 ®58 | 100 | @13 | 75 76 | 00
200_#7.6_D_w100_1@D13 ®7.6 ?13 17 | 00
200_#3.2_D_w100_1@D16 ®3.2 ®16 47 | 00
200_#5.8_D_w100_1@D16 #5.8 ®16 86 | 0.0
200_#7.6_D_w100_1@D16 ®7.6 ®16 127 | 00
200_#3.2_D_w100_1@D19 ®3.2 ®19 59 | 00
200_#5.8_D_w100_1@D19 5.8 ®19 99 | 00
200_#7.6_D_w100_1@D19 ®7.6 ®19 139 | 00
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433 ZEXFASY 253 A7 AAZEHN A7

274 A 7lEd nviel o] FEAFAETA - AEE FQAHE SFRC,
Crushable concrete, AR 737 =F A2 E(Fiber reinforced-high strength
concrete)?} #2 AEE ALt S FPstATh. SFRCE Crushable
concrete 12|31 UHP-FRCE] H + Barros and Sena-Cruz (2007)e] A+& %+
12 gt HES stom W 9 M AAE Table 4-89 YeEtlth. F4E

Az o] WA wet 8H*4PL%‘°1WE 71E ARRES WAt s
SFRCe A9 dulzrlel ZIgESL SAS =755 2§80 =713 9

upgl gk of 4 A = AL £ 4 9o Crushable concrete®] #j
SEEX %= Doyle et al. (2016)8] A+E = 319 S UHP-FRCE= Habel et
al. (2006)e] AT+E 1= 3F¥ Y. UHP-FRC= 85MPa ©]49] =4 =+= 73
o] HA ¥+ CSCMe A4 A= <l UHP-FRC7} obd 85MPad] =&
71 AR A3 E=FZ A2 E(High strength steel fiber reinforced concrete)=

I R R L=

o}#)e] Table 4-83} Fig.4-1601= ZIE An9] WA BE LiEAEL
UEFATH SFRCE 7% uiol] HA 0.0%2] 53]<4 &(SFRC3.75_W/O_wire)o]
Astel @ Z4Eeul(150_¢3.2_5_wl150) thHl Ho) 99.9%) AN EHE Ko
HEEATANES A4S FYEYUS FEAFHSC S5 Ao A

g Jh

4
t 493 Z7be

Crushable concrete® W&o Ao & FIGlo] FuEaEo] 0% A
st & =E (150 3.2 .S wl1b0) EHH 99.9%2] %4
Ao 72 eyt o]+= Crushable concrete’} %

A=

AE AAZFELARAA EHHo2 F4F F o= As eI
AFRZu7=Z a8 EFiber reinforced-high strength concrete)® F-3] <=4

E9] 0.0% At & Z=dEZA50_03.2.S wl50) thH] 99.9%°] FHIu&=A

B a7} Helfo) AFEEe] aHAA AL B 4 ok
o gl RE Ast: AMFENNELS /|1FOE S8 Ayolnz F

dERIEE S

il
=01=:g
1%
b
i)
Ll
oY
fm
ot
e
fo
L
o M
o



Table 4-8 =P 5 A5 IAST=HY FIELE
9o]of w4 23
=8 gE | w9 | 3y | 3y
EE L as | 4% | FHRF | A | £4E
Az | VAR | | g | @ | N | %
(mm) | (mm) | (MPpa)
150_93.2_S_w150 150
. w
. - N.A ®3.2 X 30.0 N.A 155.0 92.0
& 4=
150
SFRC1.25_W/O_wire N.A N.A 33.9 1.25 241.9 0.9
SFRC2.50_W/O_wire N.A N.A 34.4 2.50 448.1 0.4
SFRC3.75_W/O_wire N.A N.A 33.5 3.75 647.3 0.0
SFRC
SFRC1.25_W/_@ 3.2wire ®3.2 33.9 1.25 241.9 1.0
150
SFRC2.50_W/_& 3.2wire ®3.2 X 34.4 2.50 448.1 0.7
150
SFRC3.75_W/_ 3.2wire 150 ®3.2 33.5 3.75 647.3 0.3
150
Crushable_W/O_wire Crush 3.2 X - N.A. 241.9 0.0
able 150
Concr
Crushable_W/_@3.2wire | ete N.A. | NA. - N.A. 241.9 0.0
. . High
Hi_SFRC1.25_W/O_wire N.A. | NA. 85 1.25 241.9 0.0
stren
. . gth
Hi_SFRC2.50_W/O_wire N.A. | NA. 85 2.50 448.1 0.0
concr
ete-F
Hi_SFRC3.75_W/O_wire RC N.A. | NA. 85 3.75 647.3 0.0
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44 IHSENY 2

427N A AA G FATF B, GHE g, ofoloju4 29d ui]
E A A8F me dHo] disiA SBeol|l st =R-SE6l A
F3ATh o] Aol A AAS AAFTEN A A9 FL3A W
7ol & =RFENA 24417, SHE gt AT F7HE A 1Y
TRSENNAIN44.27), 18l FEAFE S 38 A=EFRC, Crushable
concrete, AFR 1= T8 E(Fiber reinforced-high strength concrete))(4.4.3%)
o FHFENN A% oz ANARE sk okl Fig. 4-172 sfololul4]
24 @3.2, 09.5)°] WE FHRFEIE S Blagk Aol

(@) 0.0sec (@3.2) (e) 0.0sec (#9.5)

(b) 0.3sec (3.2 () 0.3sec (@9.5)

I

N —{NI rE
N
!
oo Ay 2

(©) 0.5sec (©3.2) (@) 0.5sec (99.5)

(d 1.0sec (@3.2) (h) 1.0sec (@9.5)
Fig. 4-17 387 vl (03.2 vs @9.5)

_54_



141 WRAAT F7lo BE FREEA 23

2 AoAe WEZAE S7td b a58F5=04 235 Table 4-9¢) Fig.
4-180] YebiT & FSEA50_@3.2_S_wl50)2} stoloim4 2 7HS #5.8
2 Z7h2 29(50_058_S_wis0)< Mm-S w Aol 181% Z7Hel
wel BuEdEe 21.8%0lA 14.1%% 35.3% A==
TEg #9.50150_09.5 S wis0eHE Roliage] 238 ¢7.6150_a7.
thHl 24.1% ZF7tete] AAQTS St FAFES Mx
B Zoz FAFAT. EI GHE
M AI4.4.27) @ FEAF s F
o MRE o HolE ZAFUL e 2
BAYANA FHFEd= S ZAeE Hridn wapsd duEs St &
Ao 27 glolojulHE AT EN FAFS FFANE F Ae HFATFE
TPt FHZFEAE AFT F e oA Aol Hasith wepx 1 4
£ T Foll YeEiAth

2
off
rlj

Table 4-9 W2AAF Z7tol e FREEHA RuEuE

AR
o & o e L=Ry)
g | TOITIH ) SN ooy | 2 | mew | T
= A7 4 =48
(mm) 7 (EA) | (Kg/m)
(mm) (mm) (%)
(mm)
150_@3.2.5_wi50 150 ®3.2 150 x 150 150 1 0.8 21.8
. X . .
(@ FFEu
150_#5.8_S_w150 | 150 ®5.8 150 x 150 150 1 2.6 14.1
150_7.6_S_w150 | 150 @76 150 x 150 150 1 4.5 13.7
150_99.5_S_w150 | 150 ®9.5 150 x 150 150 1 7.0 17.0
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442 9RE 8 YRANF S wE FESENY 2

OHE 2 f5REAA W] wE SRFEHA Z34E Table 4-10 2 Fig
4-199] YeRYt. @y rjE od| gib] 50mm SuiAIZl 2d(200_9
325 wis0)< & FYEYHAS0_@3.2_S wis0)e] Hu&dE 21.8%9 vl

HZo] FTH(R00_¢3.2_5_wl50)E 745 Fa&4dEo] 11.1% A

stom StolojuHE 2W(200_¢3.2_ D_wls0)o®2 FVIANAHS W RIoE&EHdE

o] 6.8% T3t H Frlell we} 38.7%Y MAEHAE IS AT E

G tH(150_23.2_S_w150) thv] =& 2' ©@RolA 2.3%ClA 6.8%%] Fy&

HAES B H4 68.8% oo FuEdE MAEHAE AT F AT
T 200_¢5.8_5_w100(2.8kg/m) ==& 3} 200_¢3.2_D_w100(1.8kg/m) =& H]

FojEdEo] ZH7; 9.1%9 6.5%% WAYst] A o] 7HASH ol

o

o
o
29 soloul4E gl wiel FEAFASS FHHE AL 2

El
e
ol

o
2

N
oA

=

o webd MRS FAAA BAFE A RO stoloful4lY WSS B
o ZAAFE AdsE Zol tg EiH Zoz selut oY i
200_®5.8_S_w100 ==(2.8kg/m)3 200_#3.2_D_wl50 == (1.6kg/m)< v

ol

-
GHE 3} oojojHH= 2HOE StHA ffolojmH 2] IHA-S 150mm x 150mm
o 41 150mm x 100mm=Z F7}8lH S ¢ 03.204 71&2] BFaE&AE 6.8%(200_
®3.2_D_wl1b0)ol 4] FI£AdEo] 6.5%200_¢3.2_D wl00) HAst 4.4% R4
HE Bygorn, ¢5804 71 BIEAHAE 5.1%(200_05.8 D_wlb0)ol A F3&
AEo| 4.6%(200_¢58_D_wl00)ZE A5t 9.8% MAE = ASZ YEMST. @
7.600= 7]1&€ FRiE&adEo] 2.3%200_@7.6_ D wlb0)oA FHaE&AE 1.4%(200_
@7.6_D_wl00)7} At F7lste Ao = yehy s A= & Zol7t gl
= ASEZ Yepgh. Oy A SE oA 2R ggke

|
ol Adgel wet $EAFYS ANE AS FA

oot

FnsEol Hokd FYRAN Fre FEAYYFS FYAII skl

150mm x 100mm ¢&}ojojumld AFo] HZS FrlH o g HZst I ARE
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Table 4-10 ©@H % 2 WRAAZF S7tol mE 75534 RoEdE
> A | m= H o
29y i ;j%wu;]}; a1 éz}% s g PV
) (mm) | (mm) | (mm) | (mm) WY Ly (%)
1?%- ?;g -awaf)o 15 | #3.2 N.A 08 | 218
200_3.2_5_w150 ©32 08 | 111
200_5.8_5_w150 o558 | 0 ) 26 | 49
200_7.6_5_w150 ®7.6 45 | 38
200_9.5_5_w150 9.5 ! 71 | 33
200_3.2_5_w100 ©32 09 | 114
200_5.8_5_w100 5.8 28 | 91
200_7.6_5_w100 o1 0| NALT 49 | 48
200_9.5_5_w100 $9.5 76 | 37
200_®3.2_D_w150 ©32 16 | 68
200_5.8_D_w150 ®5.8 | 150 150 53 | 51
200_7.6_D_w150 ®7.6 01 | 23
200_®3.2_D_w100 ©32 18 | 65
200_5.8_D_w100 5.8 61 | 46
200_7.6_D_w100 s 104 | 37
200_®3.2_D_w100_1@D10 ¢32 ®10 29 | 53
200_#5.8_D_w100_1@D10 5.8 ®10 68 | 40
200_®7.6_D_w100_1@D10 ®7.6 ®10 109 | 42
200_®3.2_D_w100_1@D13 ©32 ®13 ’ 37 | 41
200_#5.8_D_w100_1@D13 ®58| 100 | 213 | 75 76 | 39
200_®7.6_D_w100_1@D13 ®7.6 ®13 17 | 44
200_®3.2_D_w100_1@D16 ¢32 »16 47 | 60
200_#5.8_D_w100_1@D16 5.8 ®16 86 | 3.2
200_®7.6_D_w100_1@D16 ®7.6 ®16 127 | 31
200_®3.2_D_w100_1@D19 ©32 ®19 59 | 41
200_#5.8_D_w100_1@D19 5.8 ®19 99 | 30
200_®7.6_D_w100_1@D19 ®7.6 ®19 139 | 35

_59_




(sw/3) Jeqaa |993s Jo Junowy

o n o n o
a ~ ~ = =1 n o
A A P
C—
2 g =
o -
0 ==
- B
3 3 . =
o
St N o
st =
©
8 E gu © s
a9 < - o
H rd I oy
l D ==
I S
mlL -AO o
~
~ &
o
S ===
on -
) N e
N——
N =
©—
Y
n e N
fbl |||||||
3 [p—
Z-III
S
NEAS
o n o n o n o
a ~ ~ = =1

(%) sso| awnjop

6TA®T 00TM d 9'LD 00T
6TA®T 00TM d 8'S® 002
6TA®T 00TM d Z'€E® 002
9TA®@T 00TM Q@ 9'Ld 00¢
9TA®@T 00TM Q 8'S® 00¢ mﬂ
9TA@T 00TM A Z'€d 00¢ Mt
€TA®T 00TM d 9'LD 002 w_m
€TA®T 00TM A 8'S® 00T X
_ —— - ™
€1A@T 00TM Q Z'€ED 00Z iy
0TA®@T 00TM ad 9°Zd 00¢ ww
0TA®@T 00TM d 8'S® 00¢ i
0TA®@T 00TM ad Z'€d 00¢ m%
00TM™d 9L 00¢ T
=
00TM™d 8'S® 00¢
00TM~d 2D 002 o
0STM Q@ 9L 002 N
0STM™a 8'S® 00t =
0STM™a Z'ed 00¢ 7K
00TM ™S S'60 002 H
00TM S 9'Ld 00¢ ™
00TM™S 8'SD 002
00TM™S CT'€Ed 002
0STM™S S'60 002
0STM™S 9°Ld 002
0STM™S 8'Sd 002
0STM™S ¢T'€Ed 002

0STM™S €D 0ST

_60_



443 FEAZA T 38 A5y FRFENY 2
B ZAoe ZEAGAS 958 ARS AL g FREE F4F
£ Table 4-113} Fig. 4-200 yebRt. gfojojuH glo] A w7F 1.25%%t
Q] # A$(SFRCL25_W/O_wire)E & F4EHA50_¢3.2_.S_w150)e] F3
£AE 21.8%9F Hw3Y S W RuEAE] 15.7% LSS 28.0%2 MAE}
7F e ALE Uetwgth A fe] ol 1.25%4 2.5%, 3.75%% F7tsle= &
o} Bu|&=aA & ZVzt 14.2%, 7.4% AEFA] 9.6%, 52.9%2] MAEIHE B Y}

SFRCS| 7% stolofu|2e] f-3o] mpe} Raj &g 2 Aol} gl JoR &
AFY Ot 25%9] BARE AET A Shololul41E THYGFRC25_W/_wire)shes
B9@I%67E Sholojml4lE vIUsHA o= $FRC25_WIO_wire, 14229 13
o &vEel Ao etk

thgk SFRCE AH83 & A9l @ e o Ad8 G35 2y
Ot 74%NA 15.7%74A MnA H& BAEAES B 7]E G A

T BAEE FEHE AESEAY S35 Y FEo

b
.ﬂ

wehA SFRCY AP E ZAEE 59 AFRA1dEZ 38 E(Fber reinforced-high
strength concrete)®] s|A43E FRJISIATE 1A= ZIBEL} 7] (Steel FibenE
A ol 83h= A FAEHES 23%A4 5.7% HASt @ SEHe Fujad
E (21.8%) ti¥] H 89.4% /MABHAE Hof AR S0l ¢ B0 Ao & 1
ERTt

ot AfrZug =238 E(Fiber reinforced-high strength concrete)e] 73
5 Slip foam A& Al ZAE wjdad BHE AAGNA Az I £ F
ol Al EAIZE TS ¢ dom old mE ATt S AFHER A
& % sl mE Aded drtel] did HAHI A7 FUIE I1PE et
AT

Crushable concrete] A% HAAFE3N3 FHSFSN A of$ Folgk 2
7t =E2FHAY. AAFEH s AE3 vkl Zo] g3y} dAyskA] kst
o FHZEFHHNE FUHO T o ngo] u43.4%-46.6%)7} A

of TRFE AL FusA Rihe Ao Uehg



ety FSEYe] FEAGYSS AN e Hengugesa
2] E(Fiber reinforced-high strength concrete)E AF&3l= Zlo] &34 YU #H o
Z JddHT
Table 4-11 TE=AFAF 5 S5 A5 FRZF =N FEHE
9o]of w4 =2l
=3 Nz HE =2 3}3 53]
zd HE ( ; &= | AHTE | dyA | £AE
Az | AR | g | o | Nm | @
(mm) | (mm) | (MPpa)
150_@3.2_S_w150 150
W
- N.A 3.2 X 30.0 N.A 150.0 21.8
@ FSE)
150
SFRC1.25_W/O_wire N.A N.A 33.9 1.25 241.9 15.7
SFRC2.5_W/O_wire N.A N.A 34.4 2.50 448.1 14.2
SFRC3.75_W/O_wire N.A N.A 335 3.75 647.3 74
SFRC
SFRC1.25_W/_@ 3.2wire 3.2 33.9 1.25 241.9 13.7
150
SFRC2.50_W/_& 3.2wire 3.2 X 34.4 2.50 448.1 8.7
150
SFRC3.75_W/_ 3.2wire 150 3.2 335 3.75 647.3 8.3
150
Crushable_W/O_wire Crush 3.2 X - N.A. 241.9 46.6
able 150
Concr
Crushable_W/_@3.2wire | ete N.A. | NA. - N.A. 241.9 43.3
. . High
Hi_SFRC1.25_W/O_wire N.A. N.A. 85 1.25 241.9 57
stren
. . gth
Hi_SFRC2.5_W/O_wire N.A. | NA. 85 2.50 448.1 2.9
concr
ete-F
Hi_SFRC3.75_W/O_wire RC N.A. | NA. 85 3.75 647.3 2.3
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Table 4-12 ol WE FHZFZ3A47 thx ©d ZA4 vl
M a9
AGEAIREEZIZdE
T & b B 9HE 9 A ZF=7] goer ci;'—ni)rced—h?h
Tl (a50_03.2.5 w150 Sus = ° €
(200_@7.6_D_w150) strength concrete)
(Hi_SFRC2.5_W/O_wire)
250, - 15059 B Lo,
Wr:nesfsoxlso) Steel Fiber
e Toonisny
5 q| ¢
D25 Bove bar D25 Dowel bar
: (Spacing : 450)
‘ 585 585 585
YA 3AY HAo=
g oA 7} FHEHA
5= e =
) phszel EEd O-}'“é“ui‘/ﬂ'o Ho] FTj = o
Y IEE2HEFTA FTE Al 2a vAte g <l
2] MMgHOE AlFof|
LS EE BAew dwkd) . z‘”t‘xﬂﬂ]t& ARIL Ao -
T e e 27134 ;3 °f,:7; jo go TEAIM GEOE QR
5 u
B g A BE gol i T (agugel agEy w
AR 2 FEAIA
T S7FE A8 AlF &)
2w g A
AFAE T AFAR T AT T
NEA (o=l AlEARE % e S e AR
LA EY S HIAAZRER S
2T MR A% AF
cZAH] A cZAN BE A - 13
A4 A7 gloE=E =y Z
Al
2 1] 28,843 /m 39,965 /m 65,3264 /m
c A3AY ZAEE 18RS AS dEd F AFERAuAEZ I8 EFiber
reinforced-high strength concrete)e] @ o] AHgsh = AlFAEZF el
Z 27 A Asd Ao g FAud,
AEA| AARcEE @ FHEUWI} 71 SFeARE S 7FSo o3 21 4F A
a9&f 7k AlEsA dojukal S5
« AFA, BAEE BT 13t AEE FFAIH AFHUF AR s
H(200_#7.6_D_wl50)°] & Fjie 7hd f8& slo= A 3.
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