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Correlation Between Tensile Strength and Compressive Strength
of Ultra High Strength Concrete Reinforced with Steel Fiber

Baek-1l Bae,” Hyun-Ki Choi,”* and Chang-Sik Choi”
DResearch Institute of Industrial, Hanyang University, Seoul, 133-791, Korea

IDept of Fire and Disaster Prevention Engineering, KyungNam University, ChangWon, 631-701, Korea

Dept of Architectural Engineering, Hanyang University, Seoul, 133-791, Korea

ABSTRACT Ultra-high strength concrete which have 100 MPa compressive strength or higher can be developed applying
RPC(Reactive Powder Concrete). Preventing brittle failure under compression and tension, ultra-high strength concrete usually use

the steel fibers as reinforcements. For the effective use of steel fiber reinforced ultra-high strength concrete, estimation of tensile

strength is very important. However, there are insufficient research results are available with no relation between them. Therefore, in

this study, correlation between compressive strength and tensile strength of ultra-high strength concrete was investigated by test and

statistical analysis. According to test results, increasing tendency of tensile strength was also shown in the range of ultra-high
strength. Evaluation of test results of this study and collected test results were carried out. Using 284 splitting test specimens and 265
flexural test specimens, equations suggested by previous researchers cannot be applied to ultra-high strength concrete. Therefore,

using database and test results, regression analysis was carried out and we suggested new equation for splitting and flexural tensile

strength of steel fiber reinforced ultra-high strength concrete.
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Table 3 Splitting strength estimation

Researcher Equation Limitation
Narayannan' for = %—&- 0.7+ VF
Table 1 Splitting strength estimation [MPa] 3) 20- -
F=(L/D)pd,
Researcher Equation Limitation Wafa!® fp =058\ +3.02V, £ <100
: 5) — 0.5 i
Carrasquillo . [y =0.59f, 21<f <83 Song!” £y =063 \/F +3.01V, —0.02 V2 <100
Mokhtarzadeh f,, =0.32f /063 60 < f. <100 e T
» - e Thomas'® Fopy =063\/f] s
Nihal Artoglu” f,, =0.39f,0 £ <17 +0.288RI\/f, +0.052RI ¢
. 1) Ramadoss'® —(.485F 056 _
MFEM. Zain® 1 = TG n<f <118 amadoss fopt 5f,
e : [,y © splitting strength of fiber reinforced concrete (MPa),
Oluokun” £, =021f°7 £ <62 foy @ cube strength of fiber concrete (MPa), F : fiber factor,
10,55 , L : length of the fiber (mm), D : diameter of the fiber (mm)
Ahmad'” , = 0.46f,0% <84 : ’ >
mad Toy /e e p; : volume fraction of fibers, d, : bond factor
ACI318-11'" £, =0.59f,° 21<f/ <83
NZS3101" f,, =0.36f, 25 <f,/ <100 Table 4 Flexural strength estimation

f,, © splitting strength of concrete(MPa)
f. + characteristic compressive strength of concrete(MPa)

Table 2 Flexural strength estimation [MPa]

Researcher Equation Limitation
Carrasquillo® [ =0.94f0° 20<f <83
Burg'? f, =1.03£,/%° 69 <f' <138
Khayat' £, =023+0.12f —2.18 <107 *(£)*| 45 < £, <110
Ahmad'? f, =0.44f fo<s4
ACI318-11'" f, =0627"7 21<f/ <83
NZS3101'? f, =0.60f,°° 25 < f/ <100

f. + modulus of rupture(MPa)
£, : compressive strength of concrete(MPa)

Researcher Equation Limitation
frp =0.99\/f] +3.83V,
6 (150x150x530 prism) Ly

Wafa f,; =103 \Jf/+556V; fo <100
(100x100x350 prism)

Song'” £y =0.69\/f]+3.43V,+0.32V7 £ <100

Thomas'® | f,, =0.97\/F/ +0.295RI\/f] +111TRI |  f/ <85

Ramadoss'” frp =0.45f0% -

f.; : modulus of rupture of fiber reinforced concrete (MPa),
fy @ cube strength of fiber concrete (MPa), f' : chara-
cteristic compressive strength of concrete (MPa), £/ : Reinforcing
Index (V;Z/D), L : length of the fiber (mm), D : diameter
of the fiber (mm), V; : volume fraction of fibers, d, :
bond factor
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(a) Compressive Strength Test
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(b) Splitting Strength Test

(c) Flexural Strength Test

Fig. 1 Test Setup

Table 5 Material properties of steel fiber

Type Yield strength|Elastic Modulus|Length| Diameter
yp (MPa) (GPa) (mm) | (mm)

Straight 2600 203 13 0.2
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Table 6 Mix proportion

Weight (kg/m’) To
ID w/b ,, ; . -
Cement | Water | Silica Fume Sand Filler | Steel Fiber | Super-Plasticizer [MPa]
80-0 0.30 780 255 60 1097 114 0 0.5 80
80-f 0.30 780 255 60 1097 114 37,74,147 0.5 80
100-0 0.25 809 222 80 1052 162 0 1 100
100-f 0.25 809 222 80 1052 162 37,74,147 1 100
150-0 0.20 820 190 112 918 186 0 1.04 150
150-f 0.20 820 190 112 918 186 37,74,147 1.04 150
200-0 0.17 830 176 207 912 246 0 1.08 200
200-f 0.17 830 176 207 912 246 37,74,147 1.08 200
Table 7 Test Results(mean value) Compressive Strength [ksi]
10 15 20 25 30
D I/f E;_] fco fsp fr‘ 20 T T T T T T T T T T ]
[%] [MPa] | [MPa] | [MPa] | [MPa] 17 5_' )
80-0 0 32,970 | 80.79 7.07 10.95 b .

80-10.5 0.5 30,597 | 82.60 8.29 12.54

80-f1.0 1.0 34,097 | 85.17 9.34 14.55
80-12.0 2.0 34,768 | 89.01 10.15 16.23
100-10 0 36,233 | 104.86 7.86 11.54
100-f0.5 0.5 34,376 | 107.39 8.76 13.51
100-f1.0 1.0 38,732 | 111.93 9.91 15.02
100-12.0 2.0 38,099 | 116.92 | 10.50 16.50

150-0 0 42,023 | 149.40 9.04 13.97
150-f0.5 0.5 41,203 | 154.96 9.86 15.24
150-f1.0 1.0 42,365 | 159.60 | 11.13 17.24
150-12.0 2.0 43,222 | 162.40 | 11.61 18.43

200-0 0 44,283 | 198.21 9.61 15.11
200-0.5 0.5 45,019 | 202.70 10.4 16.24
200-f1.0 1.0 46,734 | 210.40 | 11.28 18.11
200-12.0 2.0 49,515 | 216.52 | 11.96 19.04

V; : volume fraction of steel fiber (%), £, : Elastic modulus
(MPa), f, : compressive strength of concrete (tested value,
MPa), f,, : splitting strength of concrete (MPa), f, : flexural
strength of concrete (MPa)

3.2 ZOIFAUT

A5 FAAEZ AHgdtel FUF 2AAGYE AP
B} Table 791 AEHBE NG Avg} F el

]

of AAFE BEA e ANEAE 2] #Eo 3
¥} 3H| mtao o2 Ao 7 el ou AAFE
70} S 3}

J

IYES ¢
o= 7l o= et

Splitting Strength [MPa]
=
]

Compressive Strength - Splitting Strength
—©— No Fiber —a— V71.0%
= VfZO‘S% — V/.:Z_O%
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(b) Effect of Reinforcing Index

Fig. 2 Splitting Strength
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Fig. 3 Flexural Strength(Modulus of Rupture)
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Fig. 4 Tensile Strength according to the Compressive Strength
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Table 8 Database

Researcher Je Ly /s Y Fiber Type RI # of specimens
[MPa] [MPa] [MPa] (%) splitting flexural

Vanderbilt*” 20~28 2.0~3.0 - 0 - - 15 0
Sarsam®" 78~110 55~154 | 5.7~19.0 0~2.0 Straight 0~1.3 6 6
Ramirez® 48~118 48~53 4.6~6.5 0 - - 12 16
Pandor®® 54~75 2.8~5.0 - 0 - - 10 0
Thomas*” 30~77 39~80 | 52~112 0~15 Hook 0~0.8 12 12
Voo™ 122~ 140 - 13.0~19.7 | 1~15 Straight 0.75~1.5
Mansur®” 20~34 2.1~36 3.5~4.6 0~1.0 Hook 0~0.6
Narayanan®” 36~80 24~95 - 0~3.0 Crimped 02~23 23
on*" 25~100 - 3.7~16.1 | 0.4~2.0 Hook 03~1.6 0 32
Kwak*? 30~69 43~6.1 7.7~10.7 | 0~0.75 Hook 0~0.5 4 4
Mansur*” 26~37 3.0~73 2.7~53 0~3.0 Straight 0~1.6 21 21
Shende™” 42~57 29~45 | 72~10.8 0~3.0 Hook 0~23 30 30
Jiji*® 32~92 44~74 | 56~134 | 0~1.0 Crimped 0~0.8 16 16
Long™” 52~56 3.1~3.9 53~7.1 0~1.2 Straight, Hook | 0~0.5 3 3
Dancygier’” 26~93 32~100 | 43~113 | 0~0.75 Hook 0~0.5 16 16
Ramadoss®® 42~74 3.9~8.5 4.0~8.5 0~1.5 Crimped 0~1.2 32 32
Al-Hassani*” 118~158 | 63~21.6 | 92~292 | 0~3.0 Straight 0~2.0 12 12
Khalil*” 132~151 62~104 | 74~10.7 | 0~1.0 | Hook, Crimped | 0~0.5 22 22
Ozyildirim*" 213~234 | 20.3~24.5 - 6.0 Straight 45 6 -
Murthy*? 57~123 4~20.7 - 0~2.0 Straight 0~1.4 3 -
Graybeal® 119~199 | 92~109 | 16.2~18.6 2.0 Straight 1.5 2
Meleka*” 67~139 50~12.0 | 6.1~303 0~0.5 Straight 0~0.08 18 18
Magureanu™® 102~181 6.9~204 | 7.0~22.3 0~2.0 Straight 0~1.25 4
Arunachalam*®|  92~103 9.2~9.8 - 2.5 Straight 1.0 6 -
Tadros*” 98~119 54~76 | 7.1~11.3 - - - 5 5

f., : compressive strength of concrete(tested value, MPa), f, : splitting strength of concrete(MPa), f, : flexural strength
of concrete(MPa), V; : volume fraction of steel fiber(%), R/ : reinforcing Index

Table 9 Statistical Evaluation : previously suggested equations (test value/estimated value)

Type Researcher Mean Median S:ﬁ:ggi Variance COS/iEiC;ZI:n of IAE Fiber Effect
Carrasquillo® 1.29 1.18 0.48 0.23 0.37 31.32
Mokhtarzadeh® 1.36 1.24 0.45 0.21 0.33 31.92
Nihal Artoglu” 1.11 1.02 0.37 0.14 0.33 26.44
M.EM. Zain® 1.34 1.21 0.52 0.27 0.39 32.97 Cannot Consider
Oluokun” 1.53 1.43 0.49 0.24 0.32 36.70 Fiber Effect
~ |Ahmad"” 133 1.23 0.48 0.23 0.36 31.99
glt’rle‘:l“griﬁ ACI318-11"" 1.28 1.18 0.48 0.23 0.37 31.32
NZS3101'? 2.12 1.94 0.79 0.63 0.37 54.47
Narayannan'” 1.26 1.28 0.33 0.11 0.26 25.90
Wafa'® 0.89 0.87 0.28 0.08 0.32 30.32 o
Song'” 0.84 0.82 0.26 0.07 0.31 32.10 C"‘;fif:mg
Thomas'® 0.96 0.94 0.26 0.07 0.27 22.78
Ramadoss'” 121 1.12 0.43 0.18 0.35 28.81
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Table 9 Statistical Evaluation : previously suggested equations (test value/estimated value) (Continue)

Type Researcher Mean Median S?{?:ggi Variance Co\e/if;c;teir(l); of IAE Fiber Effect
Carrasquillo” 1.18 1.04 0.62 0.39 0.53 32.45
Burg'? 1.08 0.94 0.57 0.32 0.53 31.99
Khayat'¥ 1.28 1.17 0.99 0.98 0.78 3226 |Cannot Consider
Ahmad'” 1.24 1.13 0.75 0.56 0.60 32.14 Fiber Effect
Flexural |ACI318-11'Y 1.79 1.57 0.94 0.89 0.53 45.74
Strength |NZS3101'? 1.85 1.62 0.98 0.95 0.53 47.29
Wafa'® 0.80 0.71 0.33 0.11 0.41 39.31
Song'” 1.04 0.95 0.44 0.19 0.42 31.97 Considering
Thomas'® 0.91 0.83 0.38 0.15 0.42 29.67 Fiber
Ramadoss'” 1.20 1.09 0.72 0.52 0.60 31.43
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Table 10 Results of Regression Analysis

ID Splitting Strength Flexural Strength

fo, =083f5"
R1| Mean S.D IAE Mean S.D IAE
1.14 0.40 27.99 1.09 0.76 31.97

f, =175f540

£, = 0.40f07 £, = 0327080
R2| Mean S.D IAE Mean S.D IAE
0.73 0.33 34.44 0.95 0.39 32.47

Fopy =083F 017

5 frp = 17551
X|———<+3 X (14+0.35R1)
R3 1+ (R1/8)" ) ( 5RI)

Mean S.D TIAE Mean S.D IAE
0.99 0.28 20.14 1.01 0.31 28.76

f, : tensile strength of concrete[MPa], f, : Compressive
strength of concrete[lMPa], R/ : Reinforcing Index, S.D :
Standard Deviation, IAE : Integrated Absolute Error(%)

0 4 8 12 16 20 240 4 8 12 16 20 24
T T T T T T T T
| Splitting Strength - Fleuxral Strength

20| © f,=80MPa 4| © f.=80MPa I
_ 4| » f=100MPa q| & fi=100MPa
16| x f~150MPa J| X f,=150MPa 4i
% 4| * /:7200MPa 1| + f,=200MPa
204 4 s 4.
> -
B A ]

8 040

oy =083£,%(~2/(0.125R)" +3 )} S =151, (1+035RI )

ofr-r-r--—T—TrT"TCT"T"T"T"T"T°0

0 4 8 12 16 20 240 4 8 12 16 20 24
Calculated Value [MPa]

Fig. 6 Evaluation of Proposed Model

wejay) 9% 57149 o
o e A @) 9 2o gt A

f, =afb(c+dRI+eRDP) @)

A, RE= A ()& S8 AFEE glolth 71E9] &
& Aol ol ARgehs A7E wel glalen
o Gt v GEFE B sel riE A
Stk Aol Aol 09 A #F e el 19]
ofof SELE &% Qke] Aol A e 1R 8o,
e gez s71EA S FHe

32
=

FILE 2w 24 230|ES QEEEel UKL Alo[o] Jh2Aof 2t A7 259

SIS | IP:166.104.66.xx* | Accessed 2022/02/18 15:52(KST)



ojgigloy ZAES] dHFAE} A a9E FAl uebs] FAYES] GFAE7F 100 MPa o3
of Befst R34S HES A¥ 7]E FA 2ol vls)] H2 - @ATA AAE O] Q= A ARgo] ofEE A
T AGEE 7 7 s AS #9E F ddvh o7 gk
ol 7]E9 FAA =0l AR RAEHE dws] T3 5) ¥ ATelA FE AY e P9 A Ay
Sholl whet WASs eakE A7 24 E FAY E wEeR IrAs EEsslth 71EY 42
Eo] TS WrallFolr] WEel Ao dAdHnh o Ho} 52 AEEE 73 e AoRE YEehta
9k Fig. 60l et 2 ATtolA F3E Ad Aol A AL}, 150 MPaE Z sk A ES] A5 g
Hol= nkg} o] 200 MPa wolA 2AJNGAES] 4 H] o] TRk 3t FAH ] kel o 1 Y
o] EAFoE Yehte As 1E 5 e, ol L7F A "olx= A1e gRld = ik wet
200 MPa 39 SAZE A& SloJAi= steam curing, A, 2AE x24T ZIE sk 2339 g
MEHA T840 o] 3 T U B Wt Heto] =57 A7 = wiEn| o] FaFolt A
Q7] W Ao ® wekenh whebA A Aol A 271 58 18T F gl HEO Weto] i E o]
AlRbEl 742 150 MPa ©]3te] ZAZEe| dist 14 of & Ao e}
A RGE F AR ¢ S Hlow AdE
HAlRl =
5 &
o] = 2014 % AR A, WS el A

B Ao M s AR nE 2ujE ZagES A} S ATAGEE] A YA wrol e T 2ATAIE Y
PFAE} IR Aol wAE H7kstr] S8 A= (No. NRF-2014R1A1A1005444, NRF-2013R1A1A2010717).
AE FdsloH, 7€ A7 A A% A
= &3l 71E FREAEY 43N Bke 234 E 9Y References
N AHE- 7he gt AT AP AS AlRbeielth # A
T4 A¥yE QoFehd ths) 1. Korea Concrete Institute, Concrete Design Code and

Commentary, Kimoondang Publishing Company, Seoul,
A &3 Korea, 2012, pp. 600.
A AEFE9 St AR FUleEkE A 2. KS F 2423, Standard test method for splitting strength of
Z 7} concrete, Korean Agency for Technology and Standards,

Q) 9219l Row vEEkon], Qg &
A& FFBEY Frtel whet Aashe Zow v 2011, pp. 1-12.
Ebgth AS9 R ad T AT ZXo 3. KS F 2408, Standard test method for flexural strength of
Hglsls Aow Uehta glo 1 ZXNEL A concrete, Korean Agency for Technology and Standards,
FREe) Shsh W ghashe Ao ek 2010, pp. 19.
2) 2IAE AGRAEZAYES] FAARE AF 2 4. ACI 363. Report on high strength concrete. Report ACI
3 el Aol SAMsE ZAE 2 Bolw 99 363R-10, Farmington Hills, MI, American Concrete Institute,
oh el BEHo 1559 S ARE 0 2019, pp. 1-6.
1 ggon, Aargue fqeds o = 71e 5. Carrasquillo, R. L., Nilson, A. H. and Slate, F. O., “Properties
7)) AEALS AT 9les Felst 2= 99t of high strength concrete subjected to short-term load”, ACI
3) 7 ATANE B 24 2A04RE 2 3 Journal, Vol.78, No.2, 1981, pp. 1“71—178.. .
ARBE AT AT NE ARPE 2AAS A} 6. Mokhtarzadeh, A. and Frenc.h, C. Me.cham.cal Properties of
_ o _ } High-Strength Concrete with Consideration for Precast
st Frhel 2 ¥ Ao &S sk o o :
© Ao sEao] Ut 24 ekdaA] S 2o Applications”, ACI Materials Journal, Vol.97, No.2, Mar.
- ) -Apr., 2000, pp. 136-148.
= RS WL A o] JEE l_ﬁ@— G ﬁ% 7. Nihal Artoglu, Z. Canan Girgin, and Ergin Arioglu,
o HARNE AP AFehs ARl slsel & “Evaluation of Ratio between Splitting Tensile Strength and
L= AT Compressive Strength for Concretes up to 120 MPa and its
4) 71E F8Ae 2L el el Al dig Application in Strength Criterion”, ACI Materials Journal,
ARG A= A8 AR FAR Ay A Vol.103, No.1, Jan.-Feb., 2006, pp. 18-24.
o] RAREE udshs #4249 7% 100 MPa 8. Zaina, M. F. M., Mahmudb, H. B. and Faizala, Ade Ilhama,
vRkel M= AR lel 2 EAE i Ale® M., “Prediction of splitting tensile strength of high-performance
WO 100 MPa ©]742] b5 S o oolA 2t concrete”, Cement and Concrete Research, Vol.32, 2002,
ol A7|17} §A43%] Stk As G 7 ATt pp. 1251-1258.

260 | BF=E3C|Ese| ==& M27E M3= (2015)

SIS | IP:166.104.66.xx* | Accessed 2022/02/18 15:52(KST)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Francis Oluokun, “Prediction of Concrete Tensile Strength

from its Compressive Strength: an Evaluation of Existing
Relations for Normal Weight Concrete”, ACI Materials
Journal, Vol.88, No.3, May.-Jun. 1991, pp. 302-309.
Ahmad, S. H. and Saha, S. P., “Structural properties of high
strength concrete and its applications for precast prestressed
concrete”, PCI Journal, Vol.30, No.6, 1985, pp. 97-123.
ACI Committee 318, Building Code Requirements for Structural
Concrete (ACI 318-11) and Commentary, American Concrete
Institute, Farmington Hills, Mich., 2011, pp. 391.
NZS3101, NZS 3101:2006, Concrete Structures Standard,
Standards New Zealand, Wellington, pp. 232.

Burg, R. G. and Ost, B. W., “Engineering Properties of
Commercially Available High-Strength Concretes”, RD
104-DIT, Portland Cement Association, 1992, pp. 55.
Khayat, K., Bickley, J. and Hooton, R. D., “High-strength
concrete properties derived from compressive strength values”,
Cement Concrete and Aggregates, Vol.17, No.2, December,
1995, pp. 126-133.

Narayanan, R. and Darwish, I. Y. S., “Use of Steel Fibers as
Shear Reinforcement”, ACI Structural Journal, Vol.84,
No.3, 1987, pp. 216-227.

Faisal, F. Wafa and Samir A. Ashour, “Mechanical Properties
of High-Strength Fiber Reinforced Concrete”, ACI Material
Journal, Vol.89, No.48, 1992, pp. 449-455.

Song, P. S. and Hwang, S., “Mechanical properties of
high-strength steel fiber-reinforced concrete”, Construction
and Building Materials, Vol.18, 2004, pp. 669-673.

Job Thomas and Ananth Ramaswamy, “Mechanical Properties
of Steel Fiber-Reinforced Concrete”, Journal of Materials in
Civil Engineering, Vol.19, No.5, May, 2007. pp. 385-392.
Ramadoss, P. and Nagamani, K., “Tensile Strength and
Durability Characteristics of High-Performance Fiber Reinforced
Concrete”, The Arabian Journal for Science and Engineering,
Vol.33, No.2B, 2008, pp. 307-319.

Antoine, E. Naaman, “Engineered Steel Fibers with Optimal
Properties for Reinforcement of Cement Composites”, Journal
of Advanced Concrete Technology, Vol.1, No.3, November
2003, pp. 241-252.

KS F 2405, Standard Test Method for Compressive Strength
of Concrete, Korean Agency for Technology and Standards,
2010. pp. 1-16.

Gettu, R., Gardner, D. R., Saldivar, H. and Barragfin, B. E.,
“Study of the distribution and orientation of fibers in SFRC
specimens”, Materials and Structures 38, 2005, pp. 31-37.
M. Daniel Vanderbilt, Shear strength of continuous plates,
Journal of the Structural division, Proceedings of the ASCE,
May, 1972, pp. 961-973.

Kaiss F. Sarsam, Ihsan A.S. Al-Shaarbaf, Maha M. S. Ridha,
“Experimental Investigation of Shear-Critical Reactive Powder
Concrete Beams withoutWeb Reinforcement”, Eng. &Tech.

Journal, Vol.30, No.17, 2012, pp. 2999-3022.

25. J. A. Ramirez, Gerardo Aguilar, Shear Reinforcement Requ-
irements for High-Strength Concrete Bridge Girders, Joint
Transportation Research Project, Project No. C-36-56l11,
Purdue University, 2005, pp. 127.

26. Dawood Abdulhai Pandor, Behavior of High Strength Fiber
Reinforced Concrete Beams in shear, Thesis of Master of
Science, Massachusetts institute of technology, Feb, 1994,
pp. 124.

27. Job Thomas and Ananth Ramaswamy, “Mechanical Properties
of Steel Fiber-Reinforced Concrete”, Journal of Materials in
Civil Engineering, Vol.19, No.5, May 1, 2007, pp. 385-392.

28. Yen Lei Voo, Wai Keat Poon and Stephen J. Foster, Shear
Strength of Steel Fiber-Reinforced Ultrahigh-Performance
Concrete Beams without Stirrups, Journal of Structural
Engineering, Vol.136, No.11, November 1, 2010, pp. 1393-1400.

29. By M. A. Mansur, M. ASCE, K. C. G. Ong, and P. Paramasivam,
“Shear Strength of Fibrous Concrete Beams Without Stirrups”,
Journal of Structural Engineering, Vol.112, No.9, September,
1986. pp. 2066-2079.

30. Narayanan, R. and Darwish, 1. Y. S., “Use of Steel Fibers as
Shear Reinforcement”, ACI Structural Journal, Vol.84, No.
3, May-June, 1987, pp. 216-227.

31. Oh, Y. H., “Evaluation of Flexural Strength for Normal and
High Strength Concrete with Hooked Steel Fibers”, Journal
of the Korea Concrete Institute, Vol.20, No.4, August, 2008,
pp. 531-539.

32. Kwak, Y. K., Eberhard, M. O., Kim, W. S. and Kim, J.,
“Shear Strength of Steel Fiber-Reinforced Concrete Beams
without Stirrups”, ACI Structural Journal, Vol.99, No.4,
July-August 2002, pp. 530-538.

33. Mansur, M. A. and Paramasivam, P., “Steel fibre reinforced
concrete beams in pure torsion”, The International Journal
of Cement Composites and Lightweight Concrete, Vol.4,
No.1, 1982, pp. 39-45.

34. Shende, A. M., Pande, A. M. and Gulfam Pathan, M.,
“Experimental Study on Steel Fiber Reinforced Concrete for
M-40 Grade”, International Refereed Journal of Engineering
and Science, Vol.1, No.1, 2012, pp. 43-48.

35. vanlJijl, G. P. A. G. and Zeranka, S., The impact of Rheology
on the mechanical performance of steel fiber reinforced
concrete, HPFRCC 6, 2012, pp. 59-66.

36. Nguyen Minh Long, Rovnak Marian, Investigation of
Fracture Properties of Steel Fiber Reinforced Concrete, The
3rd ACF International Conference — ACF/VCA 2008, pp.
854-861.

37. Avraham N. Dancygier, Amnon Katz, Uri Wexler, Bond
between deformed reinforcement and normal and high-strength
concrete with and without fibers, Materials and Structures
Vol.43, 2010, pp. 839-856.

38. Ramadoss, P., “Modeling for the evaluation of strength and

LT Zedw 24 230|ES QIEEEet UFLT Alo[9] Jh2Ao] 25t AT 261



toughness of high performance fiber reinforced concrete”,
Journal of Engineering Science and Technology, Taylor’s
University, Vol.7, No.3, 2012, pp. 280-291.

Hisham M. Al-Hassani, Wasan Ismail Khalil and Lubna S.
Danha, “Mechanical Properties of Reactive Powder Concrete
(RPC) with Various Steel Fiber and Silica Fume Contents”,
Eng. & Tech. Journal, Vol.31, Part (A), No.16, 2013, pp.
3090-3108.

Wasan, 1. Khalil and Tayfur, Y. R., “Flexural Strength of
Fibrous Ultra High Performance Reinforced Concrete Beams”,
ARPN Journal of Engineering and Applied Sciences, Vol.8,
No.3, MARCH 2013, pp. 200-214.

39.

40.

of Ultra-High Performance Concrete, Office of Infrastructure
Research and Development, Federal Highway Administration,
FHWA-HRT-06-103, 2006, pp. 176.

Nageh, N., Meleka, Alaa A., Bashandy, Mohamed A. Arab,
“Ultra High Strength Concrete Using Economical Materials”,

44,

International Journal of Current Engineering and Technology,
Vol.3, No.2, June 2013, pp. 393-402.
45. Magureanu, C., Sosa, I., Negrutiu, C. and Heghes, B., Physical
and mechanical properties of ultra high strength fiber reinforced
cementitious composites, Proceedings of FraMCoS-7, May,
2010, pp. 23-28.
Arunachalam. K. and Vigneshwari,

46. M., “Experimental

41. Celik Ogzyildirim, Evaluation of Ultra-High-Performance investigation on ultra high strength concrete containing mineral
Fiber-Reinforced Concrete, Virginia Center for Transportation admixtures under different curing conditions”, International
Innovation and Research, FHWA/VCTIR 12-R1, 2011, pp. 20. Journal of Civil and Structural Engineering, Vol.2, No.1,

42. A. Ramachandra Murthy, Nagesh R. Iyer and B.K. Raghu 2011, pp. 33-42.

Prasad, Evaluation of mechanical properties for high strength 47. Maher, K., Tadros, George Morcous, Application of Ultra-High
and ultrahigh strength concretes, Advances in Concrete Performance Concrete to Bridge Girders, University of
Construction, Vol.1, No.4, 2013, pp. 341-358. Nebraska-Lincoln, SPR-P1(08)P310, 2009, pp. 76.

43. Benjamin A. Graybeal, Material Property Characterization

2 o A% RPCE H4Y RAE EAEA LA 100 Mha 089 EE GEAEE 04T 2L A0

sale) W RS A9 208 A9 AART S50 AR Uk med A4ee] Agol Fasi, A 2ur

T ZAYE doelAe] A FEAE AT dA7AI dH o R o] folx 1 9,1% ‘gEoltt. mEbd 2 ATtelA =

80~200 MPa®] 4575 EA+% RPCO A7 AHS G381 ‘”Zﬂcﬂ X”JEQ FHEAE ARSI Al A3 100

MPa ovu YSAEE BAT APAR BELE T 3 ;

J__E

f=]
| omAT

S [—_rl-_n_ﬂal ES l-gl

[

262 | == 273 H3= (2015)

EREn]

| IP:166.104.66.*

2 %Zfﬂ EAl iﬂ Al éﬁr 28470 ¢} 2
.7 A9 100 MPa ©]4+2] =
% ZAYENLE A& 7hest 8748 &3

g sl A gt
AE AR B8}
A3 Ahgatr] of el

ZIAE

ZAYENM = 71

3T, oDI2A

* | Accessed 2022/02/18 15:52(KST)



	초고강도 강섬유 보강 콘크리트의 인장강도와 압축강도 사이의 상관관계에 관한 연구
	ABSTRACT
	1. 서론
	2. 섬유보강 고강도 콘크리트의 인장강도
	3. 초고강도 강섬유보강콘크리트의 기계적 성질
	4. Database를 통한 인장강도의 추정
	5. 결론
	References
	요약


