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Equivalent ) Tonsile | Elastic | Ultimate | 'dmiton "% | absomption per
Fibre type diametor | Relative strength | modulus |elongation | - | decomposition | ‘asTM D 570
Hm density MPa GPa Yo P tompgrature | "o, by mass
Acrylic 13-104 | 116-1,18 | 270-1000 | 14-18 | 7.5-500 - 220 - 235 10-25
Aramid | 12 144 2900 B0 44 high 480 43
Aramid [T 10 1.44 2350 115 25 high 480 12
Carbon, PAN HVE ] 16-17 |2500-3000| 380 05-07 high 400 il
Carbon, PAM HTS g 16-17 3450 - 4 000 230 1.0-15 high 400 il
Carbon, pitch GP™| 10-13 | 16-1.7 480-790 | 27-35 | 20-24 high 400 3-7
Carbon, pitch HPT| 9-18 | 1,8-215 | 1500-3100| 150-480 | D,5-1.1 high =00 il
Mylon** 23 1,14 570 ] 20 - 200 - 220 26-50
Polyester 20 1,34-139 230 -1 100 17 12-150 G600 260 04
Polyethylene** 25-1000 | 0,92-0,96 T3 -580 ] 3-80 - 130 il
Polypropylene™ - 050-091 | 140-700 | 35-48 15 BOD 165 nil

Notes

* Not all fibre types are currently used for commercial production of FRC
t High modulus

4 Polyacrylonitrile based, high modulus

§  Polyacrylonitrile based, high tensile strength

** |sotropic pitch based, general purpose

#  Mesophase pitch based, high performance

“ Data listed is only for fibres commercially available for FRC
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Sugar Ele- N N
Fibre type Coconut Sisal cane Bamboo Jute Flax |phant \I':Qa;-:r Ft‘laa|: s.aMn:lha [\:::fc: ::;:]
bagasse grass

Fibre length, mm sn-100 | mwa NIA, wa [ 175-300| soo | rwa | nea | A | wa | 25-50
Fibre diameter, mm | 0,1-04 | N& | 02-04 |005-04| 01-02 | ma | mea | s | res | nos | op02s-007s
Relative density 112-1,15) mwa | 12-13 15 [1,02-1,04] wa | nea | e | ores | na 15
ggﬂ”'”s of slasticily. | 45 26 | 1326 | 15-19 | 33.40 | 26-32 | 100 | = 5 15 | 10 NIA
Ultimate tensile 120 - 200 | 275-570 | 180 -290 | 350-500| 250-350 | 1000 | 180 | 70 | S0 | eo 700
strength, MPa
Blongafion at break, % | 10-25 | 3-5 NIA wA | 15-19 h1g-22 36 | 12 | 59| 97 NEA
Water absorption, % | 130-180| 60-70 | 70-75 | 4D-45 NIA Mea o | oraea | rea | mea | s | s0-75
Notes
N/A  Properties not readily available or not applicable.
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! _ processed natural fibres

2 unprocessed natural fibres

% _ Steel Fibre Reinforced Concrete
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Property <’ Mortar 9 5mm Maximum | 19 mm Mam>
. aggregate size aggregate size__
Cement (kg/m’) AT T 355590 —300°533
wic ratio 0.3-04> 0.35-0.45 0.4-0.5
Fine/coarse aggregate(%o) 100 45-60 45-55
Entrained air (%0) 7-10 4-7 4-6
Fibre content (%) by volume | \
smooth steel < 1-2 09-18 0.8-1.6 D
deformed steel | 035-10 0.4-09 03-08
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Strength test results and strength-effectiveness on HSFRC and HSC

Fiber volume Compressive strength Splitting tensile strength Modolus of rupture
fraction (%) Measured Strength- Measured Strength- M easured Strength-
{MPa) effectivencss® (%) {MPa) effectivencss® (%) {MPa) effectiveness® (%)
] RS - 58 - 6.4 -
0.5 91 71 6.9 19.0 g2 281
1.0 95 118 87 50.0 10.1 578
1.5 98 153 10.8 B6.2 123 922
20 96 129 11.5 98.3 14.5 126.6
* Strength-effectivencss — Ww 2 1000,

&L caoglin ~1-1-6-2
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- High Strength Concrete
- split tension
% - high strength fibre reinforced concrete
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! modulus of rupture
2 _ ultimate flexural strength
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Comparison of predicted and measured values for compressive and splitting tensile strengths and modulus of rupture

Fiber volume Compressive sirength Splitting tensile strength Modulus of mupture

fraction (%) Predicted Measured  Prediction Predicted Measured  Prediction Predicted Measured  Prediction
(M Pa) (M Pa) error® (%) (MPa) (MPa) Erra (%) (MPa) {MPa) error (%)

0 RS 5] ] 58 58 0 6.4 6.4 0

0.5 91 91 ] 73 6.9 5.80 £2 2 [i]

1.0 95 95 1] BE E7 1.15 10.2 10.1 099

1.5 97 98 ~102 103 108 ~4.63 123 123 [i]

20 96 96 Li] 117 115 1.74 14.5 14.5 1]

* Prediction error — Deteed wate_smmed vk o J((He.

(iFnS Jgde o o 4 HSC 4y SLII o938l 130 uoren 0isn oo S9ute |, QT o led

gl (s 53 SFRC (5L (i )5 i adasly -2-6-2
oo oy Olasin 093 lidé=s o « Yining Dings Wolfgang Kusterl (1999 L. o
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“o Sl ot A e Sl b plgs bgte polie (8-2) 5 (7-2) Johiz s o al3Al

el o oold jlas w85 18 ulesl s g0 3l e el 81 39 a5 e
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Averape values of duration at the peak load and at the range of 95% peak
load at the age of 9 h

Range of the load Peak load 95% of the peak load
Duration of SFRC &) (s) 14 57
Duration of plain concrete () <] 29

[35] el 81 (w40 pousSho b plgs Lawgio polio -8-2 Jgu

! _ duration at the peak load
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Average values of duration at the peak load and at the range of 95% peak
lpad at the age of 81 h

Range of the load Peak load 95% of the peak load
Duration of 3FRC 60 (s) 1 42
Duration of plain concrete () l 41

Jb plgs yo (6,80 (eo¥ed BLI ondiiiw i gl SFRC s (iol8l b aS 048 o cowline

Lol 03l (9-2) Jgaz ;0 ladiges (5,Lad Coaglin guli 05,05 pou S e

Development of compressive strength of concrete and SFRC

Comprehensive strengih (N/mm®)
Age of concrete (h) ] 10 1% 30 45 T2
Concrete without fibre 156 4.03 13.89 2587 32.56 36.06
SFRC 20 235 511 1563 26,33 3265 3752
SFRC 40 15 508 155 235 3244 3713
SFRC 60 1% k%3 15 25 333 37

Sec Notation scction for abbroviations.,

MBS o L i b3l 3l a1y (g Lid Giulosl s diges (14-2) s

[35] o led cunglin okl 5l am SFRC xS aiges jo s0Vsd SUI ao595 -14-2 IS
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Average values of energy absorption at the ape of 9 h

Material .Epg E
Plain concrete Q26 22.4
SFRC a0 13.68 2927

[35] sl B s 1 (5551 iz bawwgio yyolio ~11-2 Jgur

Average values of energy absorption at the age of 81 h

Material Eom Ewm
Plain concrete 106 396
SFRC 60 123 560
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RC by g oy Soilfo liasino jo BLII 409381 51 -3-6-2
03, o sladiges 4 so¥ed BLII 0,5 adlsl L o il Ses 4 Faith Altun 2005 JL. o
D a9 ohiS Caaglie g (5,Lid Cesglie « 60 kg/M® 530 . 0 LI luie L C30 5 C20
i bl & RC alas o 50 9 361085 o5l 1, Ll b 5 are¥l Joo
3 eole e o 0L cos 60 kg/m® 530 0 0 BUI Jaie b« 3002300:2000mm
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Mix recipes for the 1 m® batches of the C20 and C30 classes of concrete
used in the study

Ingredient Amount (kg)
C20 C30
Mix water 162 170
Portland cement (=ASTM Type 1) E11L] 385
Filler (saturated surface-dry, 35D) 386 57
Matural sand (S5D) 472 448
Crushed medium aggregate (S5D) 467 455
Crushed coarse aggregate (85D 559 530
- - — -
’ \-\
— S id =075 mm
. L= 60 mm >

[36] iz ) ooliiasl 550 BLII 5l glaiges 17-2 s
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1 _ steel fibre added reinforced concrete
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Results of the bending experiments on RC and SFARC beams

Beam Concrete  SF dosage Tensile Theoretical Measured (Experimental ultimate load)/  Average of (experi 1 Tougt
sample dass (kg/m*) steed (mm)  ultimate ultimate  (theoretical ultimate load) ultimate load)/(theoretical (kN mm)
load (kN)  load (kN) ultimate load) ratios
Cx-10  C20 1] 2016 126.0 184.50 1.46 1.55 5495
C20-2-0 202.00 1.60 5970
C20-3-0 201.60 1.60 5830
C204-30 30 2016 126.0 201.90 1.60 1.63 27,835
C20-5-30 202.30 1.61 27,550
C20-6-30 210.00 1.67 29,501
C20-7-60 0 2016 126.0 210.30 1.67 1.67 29,830
C20-8-60 211.00 1.67 30,800
C20-9-60 209.00 1.66 29,800
C3-10  C30 1] 2016 148.6 262.30 1.77 1.74 10,782
C30-2-0 260.15 1.75 9925
C30-3-0 250.90 1.69 10,965
C30-4-30 30 2016 148.6 320.25 216 226 26,382
C30-5-30 330,00 222 27,989
C30-6-30 357.20 2.40 29,856
C30-7-60 0 2016 148.6 370.45 2.49 245 29,979
C30-8-60 368.75 248 30,045
C30-9-60 35295 2.38 29,460
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