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11

DOWNNYN DN OMVN DN OIIIN NN POND Y TID WYY DMITIP DDA 70N NVIAN MY
: DYNIN DYODNN IPT),NT NN MMIWYNI

VINNI ND *
NPDO-PNHY N0 °

2NN OV NITI DT e

.(SP) 01 1°non 90 No *

: DYNIN DMMINNM IPTI) ,NIYNA OMVYN D991 NMNOY Y1
0N NPYDIO-1IPIN ONY e

L0MY N O e

VINY : DD NN DN ©

VINY : DD DN

DMIVPN : DM ONd *

DX2ON MND °

NNNYI MINT MDIYN NN 1IN Y MSDDVNIN TONN YT HY TN IPT DVON DINWNN TN D
NDN PV NIY DIV MAIYN 3 1IN ,TONNN NP0 .PTN NMNWNN DY NON N MNIN P

6 MOIN ,NIMIIN NNT D791 70 -5 HY PHIN DY )V NIY MADN D2 MM Wn 3 -1 (UHPC)
: NN D02 MAIWVNN

:(UHPC) »non yyva May
YTy D) DXY9I1ON DYDY DOVINN DY NN
DIVMIY P DYDION DID) DIVINN DY NAIYN

20 DIN P NYON DYDY DIVINMN KOY NAYN

07931 70 -2 5V PYIN DY VA NAY
YTy D) DXO219N DY) DXVXNN DY NIYN
DIVNIVY P D9I15N DID) DOVINN DY NAIYN

20 DIN P NY9ION DID) DIVINN NIY NN



12

o*yn 3.2
.N2IVNN 22599010 TNX 9195 DIYONMNN DINRAN DIDYON

vmy 3.2.1
-1 C3S HYv max NYIdN DY VINNA YHNWYND PTY ,MYN NNON DY VI RYN OINIDIAN 29 DY

NVaN PN 0NN KY C3A N NN 799 120N .C3A YW qwarn 9105 151 Nodn oy CoS
TOPMYRYNI NYOVN NT 295700, TTRD .DINXN Y 1HNIND DNVPN DONIPIWN Y21 1 WINOW
NMYYI M2YN MNON HYa PNV DY MAIYN ,TON IRXIND .V DX STPNN DX MY Dy

AWille, et al., 2011) 121y C3A N91DN ¥ 12W 7DIVAND TRY” VINY DY M DY

VINIYN /W) 12N YT DY POIDY 1910 DXOIMIYN NN DY VINNI NYNNYN DI DDA
ND ININD YIDVN ,DIN .NVIAN MITAYL NDYO DIM DN NN NN POPN JOX DT NDN VINNI
POAN MTAYA NOY INMN NN NI KD 925 ,INN MOWNN TN ,0IN

MINON DY XMYNYN 1DINA YAYND DI NT NDN LINK SV IMNIINNN 25712 DNVP DY NIRD

N3N 7YY T 19N 13HY CEM-1-52.5 N 01 031082 wonwnd ROONN 7D NN .NAIYNN
Sy

1919 5.48% 5 5w Al,O3 n9on Dy XIN VINXN .2 N9V VO NT VIIN SV NN 299N

.8.28% 5w C3A v 112 mNNIWN 29 9y navinn

CEM-1-52.5 N 291 031 5w 197790 1090 : 2 1YV

Spun %
CsS 59.4
C:S, beta 16.9
C4AF 5.9
C3A (cubic) 2.5
Gypsum 3.2
Bassanite 2.9
Lime 0.7
Cacite 6.7
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APYIO-1pn  3.2.2
aPY MY MNON DY IV VN 2DND YNIYNN Y9NNIN PVPIDID 1IN XN NPPDI0-1IPN0
N TN TYNNA .NPOXDD HY N2 NDIDM ,JOP DX DT ,NMIA) NNIDIND NPDVPNM
N2 ,)VIAN PHIND NN NPR HAN ,VINXN Y PXIPIN PN nsnw ,Ca(OH)2 ,yron
-Y92290 7)) ,90N2 .NVAN PHIND BNNN L, 0N YVINK J) NYY YD NPIPD-1PINN BY NI
77N DN DNV T2 PNTI NN YYD (0.03-0.2 um) VINXN >N DN DNVP DN NPPPD
DYYNYN DMNNN .VINVNM NOOYN P MPATNN PIVNDY NPVINSN NNIVNT MAND NIMYNYN
DAYV 210 MY )N DXNIDNNI N9 YI0N VAN MTIY NDYH DINNN D) NPPDI0-11P20N HY

BaeRV)ak]
M2IYN NMNON DY PNV, TVINPNT MIGDN 29 DY NNV NN YN 17 NPPDI0-11700 NN
NPYo-1Pma Awnn (undensified microsilica) nogsn XY NPXYIO-1IPINA WHNWND PTY
PO O KO (slurry) mom npyoyo-pIna wimewn o) .(densified microsilica) nasxn
YINON DN NPXYYD-11PM2 NP2 O»NMYaAN N .(Lee, 2005) ,>71H N2 12 DN NMNOY

NPY2°0-1722 .M NPIYDPD-1TPD DY MZAPNN INP2 MV NINNIND 1991 ,0°0°02N DIOPONM
191910 NOYa N ,NMY NIMNDID NNND DPNPINI DOVNINYNI NAY 120N NOYYNN NYHN N

NNNON IVANRD N2 NP o-1pna wviwn (Wille, 2011) K20 -1 Na20 ,y9n9 v nomd
2 MY NI DY NPNY TIN DN NI PMYHYN

Elkem Microsilica ) nasxn np>or01pna wnnwn Apnnn Sv Nt pona Rwnnwn Nt 9pnna

.85% S n v (Si02) nproro no1on oy (grade 920 D

oM snan ovaom  3.2.3
N2> DY O XN TIX NT PV .M2WN MNON Y2 )1V MIPOY 1IN BN DM PNPNIN
2y DNV YWOUN MTNN DD 1PN PI DOWNNYN 1ID) TIMYNYN TIND NN DN DY NNNAN
naphthalene-) o>»5n93 ©>0a by o >nvnan .(polycarboxylic ethers) o vVY>OPIANPI9IS DDA

NONN DNV DY PN XY Y95 7172 (sulphonated-melamine) oo (formaldehyde
ko)

ynt .BASF 5v Glenium ACE 345 m>n (UHPC) »01n n27yn May nwnnwn 1av 0300 1°Nan
DM TIND DM NNNAN NYID DY DXODOPIIIPING DDA Y SWOUN NTNN D 1PN

.(polycacarboxylic ether hyperplasticizer)

93 NPIN DM NNNAN NI DY GDIN TNN 1PN X2 0790 70 DY PHIN DY VI NIy MIYN2

.BASF 5w Glenium 27 »on 90102 nwnnwn vx mavyna 1991 ,(UHPC) 1 mavyna vamv
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712103 AN DD NNNON NDID DY TN, DOVDYDPIANPIDIN DIV DY SOV TN DM NPNO DX 1N
.Glenium ACE 345 nwxn

IN) VINY I'P 100 D MIN HY VY 0.8 D 0.2 P2 XIN NIMINN NN ININN DV 2)DVN VIINN 19D
0.92% -9 0.23% Y°20 TNV NINT MO ,70°09 )7 1.15 DY 010 Dpwn NN OXNPIY ON .(DMIVPN
L0INNN DPWNY ONYA O NN HY

9D NPMYNYN NN AN N9YTY DN PN NDIDN NIND MDWHN MNON Hya V1A DY NIPNa

nnon (Wille, 2011) %95 030310 Ypwnn 1-8% 122 NPNY NYID DN 1PN NIND XY DIPNNDN
20NN DPWNN 2.5% -5 1.5% 2 NN NIIVIND

n 324

NMYYNI DXVWNNYN DNIAY DY) DXVXNN DN IPNNN DY N PONI NYNNYN DNIAY DIVXIND
DN NI N1 0.6 DY 2271 NN DT DY DM NWNN YAV 5IN NYHNYN .TIMIPNRN NOVIN
.1.96 v

DN NITY 22990 DN DTN DIND MIMANNDD DIWNIN DXAIWN DIV NVY DIV DINND RWNI
PN DWAWNN DXMIVN DN DN 1991 NXIVNN DY NPVPINIPN DY DIWIVN NON DINMINND

DYIND) NYIVNT MY NN AW 915 91N HY N NY pa v Wille (Wille, 2011) »a5 .y0an
D977y DINYN DI7X7) IV NN PHINND APY ,XINP DIN KIN PTYN DINN ND 9012 . )NVIAN PHIND

«De Larrard, 1994) >a0n n0an nn v mmay '9povn

9112 DITHIN 23971 19971,0) VINVNL DIYHNYN KD HDI TIT2 MWD NNON DY NVIAIV PIND NWN
2NN NN NIYN2

o vyIN 3.2.5
NOT WTYN DY D371 NI N2 DNI NANNNND VINIIT JAND NIN DWW YTY 10N DIN VI IND

<7982 Y9N DNV DININD NPT .5.32 DIVMVN W) 6.05

ooVvn DI MN YUY N1 3.2.6

TAX NP PAxN MONMN Mann Nx »wnb 15 (Richard, 1994) Cheyrezy -y Richard »ab
P2 N7 AN D2 H5SIN NITA ATHN DINH NOIN NNR 21DV DN MNP NN WHNUnD
YT DY NYD) NPIZNNN NIYNN MDON NN TIYND YTD 1NN IWNN TVNIN .DMVYN DXIIND
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oo 3.2.7

N D201 MO ,07IPNHNN 2172 .MDWN NINON DY IV YNID1N 225910 NIN 1199 Y2302 VIIvn
D) 10 TIYA DY TN DY D8P DN OXON NV P7NY Y'P 500 TV 70D P 155 pa ,nimay 7

.(Richard, 1994) (Lee, 2005) »5n 0y X991 N1 0.1-0.2 S 2

MMOYY DIN DN DINP DD YY Nwn [ (Agranati, Katz, 2015) omnmp 0o 95
D20 DY )P 50 -2 92y1n POINY NYP,)NVIAN NITAY NPNIAD .)IVAN NITANY MOOWN DY IMYNYN
DY DM MY D) IPT) .OMDIN DD P IWIOY NAIYNI DXXON NDIDN NNMN N 199,001 IN

NN DN 60 HY DYDY TR N7N 30 DY DXD : DININ DXV

)P 100 =) ©¥IN D0 ¥'P 50 Y MdON NN ,DOINPY DN DD HY NPV VYOV MAIYNIA
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:D299190) DN 1799 72D
DRAMIX 3D 45/30 BG
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NA 2%-5 , 1995,V PrNRY NP 150 DY NNMN MAIYNN 22 NYHNYN DAY 00N NN
FHWA, ) 0w 01pnn 295 N8Ommnn o, DMPNN NYHNYN DAY MNIN NNT .)IVIN
.(2013

18 Nprra mury 3.3

nIYNN YV My 1o 3.3.1

9Y TPMYNYN NN YAV MNYHD MNON H¥a NV Y NIPNI IWN XIN DININD 2127y 170
Wille .nayiynn n3om 21299 770 Sy MY MyT v XSNI DMIPNNT 19 BY .NPNIDN MINSIND

DY DN NN 19N INKRD DOV D251 Y5 NN 0P 1227y (Lee, 2005) Lee - (Wille, 2011)
.DY2INN NN 1Y DINN YT HY NPID-1IP20N DY PPNV DY ND NYY NN NIVNN .00 IN
N229YNN RY VIV MAIYNT, TN NI DM NNOY NI . TIY XD VIVA N ITO N0V NIPNa

DTIP NV , MY 127y NN wonwn Sedran (Sedran, 1997) 0o ©Xw> DMINWYI DIDINM
21NN DX 31917 INNRDY VINKN NN DD MDY, D¥0INN BY NPPIO-1IPINN NN DIA1IYN

£ YD NN NN 212N TTOT,MNY 21299 MM NN 12y2I1P T ROV NIpn1
5299 DN (DD MPNON) DPH¥IN DAV DN NN X220 .1
NPT 5 TWNa DX227Y0 .0INNN NN DO .2
PT 3 TYN1 0222990 .IPX9ONPINN NN DXDIN .3
NPT 3 TYNa DX229Y0) DO0IN DXVIVNNN NN DDV .4
NPT 3 7WNa 0222990 9INN NN DD .5

NN .DTNN NI H122IYNN DXDONY TY N1 MIPNNI DX227YN) DXDON NN DIXPDIN .6
D20 OINTI” DY MISINNN NN YNND TI MNAY NN H2YD TIN DX2ON

(9 91%) 9V 50 TY DY NP DY YNNI YN DAY NYHNYN NN DH11TY TNND
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NN NN DYDY .NDINM NVIN P2 PNNN NAOY NN D) DY DININNI PYINN NI NN D IND
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1)0IN , 07201 XYY )IVAN MAIIWN .NVAN ND DY, NYPY IR VPV NPT 9D NPT POIN MTIY

N9V PTAY TIION 1991 ;2971 NP XIN DY NON PV L(SCC) mxya PTINHN PV NON NPND
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NPYTA-TMID-I0 NIV : PV MPXTA” = 2.1 PON 26 >N PN XA NPV NPT, INNY PTINNN
NIYN NYIYY ,NNIT INDIVA NPTV NIV NIV DY NNXMHD NINNN INNN 13 P8 NIYPY

VPV NPYTIA NPT 199,000 NOMDY VA
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Dramix®

Data Sheet

Aspect ratio

Length

@ BEKAERT

Bright  Glued

|
45/30EG

C€

0749-CPD

ASTM A820

Conforms to

EN 14889-1

DRAMIX® 3D

PERFORMANCE

PRODUCT CERTIFICATES

Dramix® 3D is the reference in steel fibre
reinforcement. Combining high performance,
durability and ease-of-use, 3D provides you
with a time-saving and cost-efficient solution
for most common applications.

> original anchorage
> standard tensile strength

Dramix® 3D is a cost efficient solution for
> flooring

> tunnel applications

> precast

> residential applications

Bekaert supplies all of the support you need
for your project. We help you determine the
most suitable fibre types, calculate optimal
dosages, select the right concrete quality.
Contact your local support.

Go to www.bekaert.com/dosingdramix
for our recommendations on handling,
dosing and mixing.

Modifications reserved.

All details describe our products in general form only.
For detailed information, product specifications
available on request.

Material properties

Tensile strength: R :1.270 N/mm?
Tolerances: + 7,5% Avg

Young’s Modulus: + 210.000 N/mm?

Geometry

Fibre family 3D @i

Length (1) 30 mm ﬁ/ﬂa
4 /17 >

Diameter (d) 0,62 mm

Aspect ratio (I/d) 45

Fibre network

12,7 km per m? (for 30 kg/m?)
13.311 fibres/kg

Dramix® range

Tensile strength

Wire ductility

Anchorage strength

Wwms

Conforms to

ASTM A820

C€

0749-CPD
EN 14889-1

Dramix® is certified for structural use
according to EN 14889-1 (system ‘1°).
Detailed information is available on request.

SYSTEM CERTIFICATES

1S0 9001 [SeREN]

BUREAU VERITAS
Certification

BUREAU VERITAS
Certification

All Dramix® plants are ISO 9001 and
ISO 14001 certified.

PACKAGING

BAGS 20 kg BIG BAG 1100 kg

NO STACKING

71.37.05 - 09/2012


http://www.bekaert.com/dosingdramix

WEIDACON ==—
Steel wire fibre STRATEC

of patented carbon wire, =
wet, bright drawn —

MPANRW.
Materialprifungramt Nordrhain-Westalen
gepriift + Uberwacht
Mz 11

Technical Data

9540-8

Fibre type: Weidacon FG 12,5/0,4 C €
Fibre properties:

Material: Steel wire material number according to DIN EN 100016-2
Colour: metallic bright

Shape: cross section: round / length: straight

Dimensions: d= 0,40mm, l= 12,5mm or alternatively

Tolerances: Length: +/- 1,25mm from individual value and

(accord. DIN EN 14889-1) +/- 1,5mm from mean value

Diameter: +/- 0,04mm from individual value and
+/- 0,02mm from mean value

Density: 7,85 kg/dm3
Tensile strength: 1250 N/mm? in the medium
E-module: 200.000MPa

Chemical analysis[Mass%]:

min. max.
C 0,05 0,95
Mn - 0,80
Si - 0,30
P - 0,035
S - 0,035
Cr 0,15 0,20 Graphical presentation
Ni 0,20 0,25 -
Cu 0,25 0,35 Figure 1: Fibre type Weidacon FG
Mo 0,05 0,08
Concrete properties: These steel wire fibres are certified and monitored to the

applicable DIN EN 14889-1 System 3.

Package properties:

Batch size: Paper bags/cardboard boxes of each 20 or 25kg on oneway pallet
of 1.000 kg, welded in shrink foil, protected against splash.



Dramix®
@ BEKAERT

Data Sheet

Aspect ratio Length Bright  Glued
| |

C€ ASTM A820

0749-CPD

EN 14889-1

DRAMIX® 5D PERFORMANCE PRODUCT CERTIFICATES

Material properties C E p—
. > |ASTM A820
Tensile strength: R :2.300 N/mm? EN 14889-1
Tolerances: + 7,5% Avg
Young’s Modulus: + 210.000 N/mm? Dramix® is certified for structural use
Wire ductility: Ag+e = 6% according to EN 14889-1 (system ‘1°).

Detailed information is available on request.

The Dramix® 5D series provides you with the Geometry

ultimate in performance, thanks to a unique / SYSTEM CERTIFICATES

combination of a perfectly shaped hook, Fibre family 5D /
a high ductility wire, and extreme tensile

1S0 9001 [SeREN]

st rength . BUREAU VERITAS BUREAU VERITAS

Length U] 60 mm Certification Certification

> ultimate anchorage o

> high L/D ratio, glued fibre / 'IAS"OD;TS(')’; C‘:z::z g SO 9001 and
> ultra high tensile strength Diameter (d) 0,90 mm F % / ’

> high ductility wire /

85 55 .
Dramix® 5D is a cost efficient solution Aspect ratio (I/d) 65 - PACKAGING

for high end ULS structural applications

> foundation slabs structural rafts "—""‘" """ =
> rafts Fibre network E |
> suspended structures o W - —— i
> structural precast elements 9,0 km per m? (for 15 kg/m?) 5 ] ; ! » ;
> structural floors (e.g. floors on piles) 3.183 fibres/kg Y ,, / ; D 5

Minimum dosage: ; 2 ;% W 3 5
Bekaert supplies all of the support you need 15 kg per m? (according to CE) S - 4 2 |

for your project. We help you determine the ¢ \
most suitable fibre types, calculate optimal

dosages, select the right concrete quality. Dramix® range BAGS 20 kg BIG BAG 1100 kg
Contact your local support.

Go to www.bekaert.com/dosingdramix
for our recommendations on handling,
dosing and mixing.

Tensile strength

STORAGE

KEEP | DRY
NO STACKING

Wire ductility
Modifications reserved.

All details describe our products in general form only.
For detailed information, product specifications Anchorage strength
available on request.

O

71.63.05 - 09/2012
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Abstract

Previous studies showed the feasibility for producing ultra-high performance concrete
(UHPC) using a relatively large coarse aggregate (~14 mm) while maintaining good
workability and high strength. In addition, it was found that it is possible to use large
quantities of short and long steel fibers where each one affects differently at different

ranges of concrete behavior under flexural tests.
The current study focused on the following parameters in UHSC (120-150 MPa):

- Effect of using fibers of different sizes.

- Effect of aggregate size.
Three types of steel fibers were tested:

- 12 mm long fibers, 0.4 mm in diameter
- 30 mm long fibers, 0.62 mm in diameter having hook ends 3(D)

- 60 mm long fibers, 0.9 mm in diameter having double hook ends (5D)

Concrete mixes prepare with either one type of fibers (150 kg/m? for the short fibers
alone and 50 kg/m?3 for each of the long fibers) or combination of the short fibers (100
kg/m®) with one of the long fibers (50 kg/m?3).

Three maximum sizes of aggregates were tested:

- Large: 14 mm
- Medium: 9.5 mm

- Fine: 0.6 mm

For comparison, same mixes were prepared but having regular high strength, HSC, ~70
MPa.

Effect of aggregate size

All the UHPC mixes containing fine aggregate performed the lesser among the other
mixes, contradicting the assumption that UHPC can be made using only fine aggregate.
This phenomenon was seen for compressive strength and more pronounced in flexural
strengths. During the preparation of these mixes (fine aggregate), their cohesiveness

was found low which can lead to increased air entrapment and mal distribution of the



fibers. However, poor results were found also in mixes having somewhat better

cohesiveness thus it seems the lower values characterize these mixes.

In HSC, the flexural behavior of all mixes was quite similar with not preference to a
specific type of fibers or their combination, except for the mix with 50 mm fibers (5D)
that exhibited more ductility when the larger aggregate was used. At UHPC, mixes with
medium size aggregates performed the best in most of the mixes. Mixes prepared with

fine aggregate alone performed the worst.

Effect of fiber type and their combinations
The best properties were found in mixes contacting the long fibers (60 mm, 5D) when

combined with short fibers. A significant strength drop was found in the mixes with the
long fibers alone, after the development of first crack. However, flexural strength
increased with further flexure with significant drop each time a fiber broke or pulled
out. The short fibers reduced the drop after the development of first crack thus leading

to significant energy absorption in this range.

Using the short fibers alone or the 30 mm fibers alone yielded the worse results for all
mixes. However, hybrid mixes that contained also short fibers exhibited much better,

though not as pronounced as with the long fibers.

It seems that anchoring mechanism of the fibers has a significant role in load carrying
in flexure after the development of first crack. The double hooked ends of the long
fibers provides with a significant anchoring mechanism that becomes active when the
crack opens. The short fibers combined with the long ones moderate the pronounced
changes seen when a single fiber detaches from the matrix thus enabling more energy
absorption. In addition, it is possible that the aggregates provide a mechanism of pullout
over a pulley that adds more friction the fibers that are inclined to the crack, contributing

to the frictional forces of pullout. This assumption needs, however, more support.

This study was done with a certain amounts of fibers: ~2%vol. (150 kg/m3) or
0.63%vol. (50 kg/m3) when using the long fibers alone. The efficiency of the hybrid
systems containing the two sized of fibers is clear but more optimization is needed to

reduce the total amount of fibers, making concretes that are more efficient.
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