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The need of high strength concrete (H. S C.) isincreasing in the recent
years. This material becomes necessary, but it is brittle .So, metallic
fibers are used to enhance composite properties of (H. S C.).The
enhanced properties include tensile strength, compressive strength,
elastic modulus, crack resistance, crack control, durability, fatigue life,
resistance to impact and abrasion, shrinkage, expansion, thermal
characteristics, and fire resistance of concrete . Thereislittle information
in the available literature about the bond characteristics for the different
forms of rib geometry of the deformed bars on the strength between steel
and high-strength fiber-reinforced concrete for different relative rib
areas and fiberstypes .

The main objective of this research isto study the effect of using Metallic
and Non Metallic- Fiber and rib geometry of steel bars on bond strength
for high strength concrete (H. S C.). Also Pattern of cracks, final mode
of failure and deformational characteristics (direct slip for pull-out)
were investigated.

INTRODUCTION

Nowadays, a wide range of engineering materialorparate fibers to enhance
composite properties. The enhanced properties dectansile strength, compressive
strength, elastic modulus, crack resistance, cramhtrol, durability, fatigue life,
resistance to impact and abrasion, shrinkage, askpanthermal characteristics, and
fire resistance.

Experimental trials and patents involving the udedtscontinuous steel
reinforcing elements such as nails, wire segmearsd, metal chips to improve the
properties of concrete date from 1910 by Nadhahuring the early 1960s in the
United States, the first major investigation waslenéo evaluate the potential of steel
fibers as a reinforcement for concrete by Romuglléb3)?.Since then, a substantial
amount of research, development, experimentatiod,irdustrial application of steel
fiber reinforced concrete has occurred. M. H. Hagajd M. E. Mabsout2002§® have
studied the effect of fibers on the bond strengttdeformed bars embedded in
concrete. They have reported that the use of filieforcement significantly increases
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the development/splice strength and considerablyamees the ductility of bond

failure. The increase in bond strength acquiredhqusiteel fibers may reach levels
substantially larger than the maximum limit stigaethin the ACI building code for

ordinary transverse reinforcement.

High strengthconcrete (H..S.C.) with metallic fiber has beendus®rldwide
with and without conventional reinforcement in mdieyd applications. These include
bridge deck overlays, floor slabs, pavements aneerpant overlays, refractories,
hydraulic structures, thin shells, rock slope dizdtion, mine tunnel linings and many
precast products. The guide for specifying, prdpoimg, mixing, placing, and
finishing steel fiber-reinforced concrete is avaiéa from the ACI Committee 544
[1993]". The addition of steel fibers is used to improvesmof the mechanical
properties of concrete, namely, its static and dynatensile strength, energy
absorption, toughness and fatigue resistance. Hprogeer utilization of steel fiber-
reinforced concrete depends on the skill of theirereg in taking advantage of its
improved characteristics under a given loadingdagiven application and the cost
effectiveness of the fiber addition.

Bond strength for smooth bars depends upon adhesidririction between
steel bar and concrete ; Park & Pauly.(187%nd Rehm.(197%) . However, for
deformed bars bond capacity increases because dftirlocking of the ribs with the
surrounding concrete .

Pull-out specimens with high strengtbncrete studied by Sogh.etall.(2005)
.They concoluded that four types of bond failurestgpical as follows . The first is a
direct pull-out of the bar . The second type diufe is a splittingand explosivef the
concrete cover or confinement is insufficient tdaoto a pull-out failure . The third
type of failure is a shear failure in concrete gldime lugs of the bar. The fourth type
of failure is a fracture failure of the bar outsgfgecimens. For small relative rib areas
(Osx<0.065) and smooth bar§l4=0.000), the failure is ductile but for medium and
high relative rib areas,>0.065), the failure is more brittle.

Rehm.(19799, Soretz and Holzenbein.(198dshowed that the influence of
the deformation pattern of bar on the local bomésstslip behavior can reasonably be
described as a function of the relative rib asggfor pull-out speciments with normal
strength concrete strength(NSC).The definitiorhefrelative rib areanfy) is described
by Rehm as (ratio of projected rib area normalaodxis to the product of the nominal
bar perimeter and the center-to-center rib spacing)

The effect of rib geometryaf,) for steel reinforcement on bond of normal
strength concrete (N.S.C.) was studied by Aly &¢24101)® and Ali M.A.(2000§"
who found that the bond stren@fg,) increased by increasing the relative rib argg (
for unconfined specimens. The relationship betwienultimate bond strengthy(f
and the relative rib area can be estimated by dsitaying equation:

fou= 215 @sn) 2% e 1)

for f.=300kg\cm, L,=5d, , (0tsr)>0.00

But for high-performance concrete (H.P.C.) studisd Sogh..et all.(2005)
() They found that the relationship between themate bond strengli,.) local bond
and the relative rib areas{) and the concrete compressive strength ¢dn be
estimated as :
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fou = 3.15V f, kg/lcrh  for smooth barg Ogh) cevvernneenennns (2
fou = (5+30.56) V f. kg/cn? for ribbed bars (agp).........oeune. (3)

They found also that for ribbed bars, the teatltesndicated that the average
bond strength {f) at failure, normalized with respect to the squaret of concrete
compressive strength /{ ), decreases with increasing in the concrete cosspre

strength (f) if a splitting failure occurredog;>0.065) , but it increases if a pull-out
failure occurredds, <.0.065) .

EXPERIMENTAL WORK

Thirty Pull-out prismatic specimens were testedhwsteel diameters 16 mm and
square cross section equal to 12x12 cm. The caesidengths for specimens were
15d, for specimens , bonded parts for steel reinfom@msed in the tested specimens
were 5¢ and concrete compressive strength gE@00 kg/cm ..The study took into
consideration the following parameters:

1- Rib geometry and its relative rib arem)for steel reinforcement used in the
tested specimens were 0.00, 0.03, 0.045, Q.061B2 , 0.065, 0.069, 0.070,
0.072,0.073,0.076, 0.078 , 0.090, 0.093 @ariD .

2- Fiber types; four types of metallic and non- matalibers were used for all
specimens (plain, harex steel, glass and polypeogyfibers).

The specimens were tested using a tensile testaudnime of 30 ton capacity.
The slip of the bar was measured using dial gaugje accuracy of 0.001 mm. The
load-slip relations for different parameters werepwsed. The cracking process and
mode of failure was obtained.

Plastr sheet Tihe SEel bar=16nmm Plastie sheet .

_/ .

4
m 12
D | Sd g Wy s )

Fig. (1): Details of pull-out specimens

One concrete mix (HSC) was chosen from many ewparial trials, to
produce high strength concrete having a 28-dayx @dmpressive strength about 900
kg/cnt. The mix proportions by weight are shown in Taile

Silica fume 110 kg/rh optimum dosage of silica fume with specific gravity
2.15 locally produced by ( The Egyptian Ferroadl@o. ) in Edfo city. The used fine
and Coarse aggregate have a specific gravity ci2d=.7 respectively.
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684
Super-plasticizer, with optimum dosage of 17.%litf for concrete mix (HSC)

were used.
Table (1): Concrete Mix Components.

Coarse

silica-fume | water f SUPeTP* aggregate
asticizer

3 B 3
kg/m litre/m Litre/m?

Specimens Relative Yield Ultimate
IPI . Rib Area | Strength (fy)| Strength
otation

(0sy) kglent (f,) | kglent (f.)

From

CF1-15
to

CF16-30

Metallic and Non-metallic fibers were incorporaiadhis study. The metallic

fiber used included two different types, i.e. pland harex steel fibers. The non-
metallic fiber used in pullout specimens included tdifferent types, i.e. glass and

polypropylene fibers. Typical properties of variotypes of the metallic and non-
metallic fibers are given in Table (3). One fibesncentration was used in the
specimens , this was 1.0% by volume of the total .ifihe plain steel fiber (round steel
fibers) were produced by cutting smooth high tensiteel wire of uniform cross

section .
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Table (3): Typical Properties of Metallic and Non-Metallic Fibers.

Tensile
Strength
kg/cnt

Diameter Density
(um) (gm/cn)

Type of fibers

plain steel (P.S.H

Harex steel
(H.S.F)

Glass (Cem-Fil)

Polypropylene

NRE

b-Harex sted fiber

A-Glass Fibers B-Polypropylene Figer
Photo (1): Shape of Metallic and Non-Metallicdlib

GENERAL BEHAVIOR AND MODE OF FAILURE

Three types of failure can be distinguished adogrtb the largest value of the shear,
principal tensile, or fibers types or relative aitea @5, as follows: -

(1)-Pullout failure of the bar «Shear failure along the perimeter of
the bar» which occurs when ample confinement is providedhi® bar resulting
highest values of the tensile strength(fdrS.C.) and so the max shear strength is less
than the max. .shear resistance (case of specimigmgieformed bars having small
relative rib area (0.8 as, < 0.05) for metallic fibers as shown in Fig. (2a).
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(2)-Tension Failure of prism, which occurs when just confinement is provided
to the bar resulting critical values of the tensiteength forfH.S.C.) and so the max.
.Shear strength equal to the max.shear resistaase (Of specimens with deformed
bars having medium relative rib area(0.@&s0.075)) as shown in Fig. (2b).

(3)- Splitting failure of concrete cover, which occurs when the cover is
insufficient to obtain a pullout failure and theesh strength is high enough to avoid
shear failure, but the principal tensile stress mageed the tensile strength resulting
the increase of bond between ribbed steel barsdethen(HSC). (case of specimens
with deformed bars having high relative rib are®78<ts< 0.10)), as shown in Fig.
(2c).

i Shear fail
Tensil Stress earfailure

—_— T O e g —

}
] b, EOEUEGNONNIe

=

(a)-Case (No.1): )-Pull-out failure of the bar(b)-Case (No.2):Tensile failure of prism

Tensil Stress

(c)-Case (No0.3): Splitting failure of concrete cove
Fig. (2): Mode of bond failure

The use of metallic and non-metallic fibers enhdntte ductility of bond
failure, while an explosive splitting of concretge of failure occurs for specimens
without fiber. The failure becomes tension failofgrism type or splitting failure type
for specimens with fibers.

TEST RESULTS

The test results are summarized in Table (4) fecspens without fibers. Also Table
(5) for specimens with Plain and Harex steel fibefhe ultimate bond
strength, (f,),was calculated by the relation

fo=Pu/Lp(mdy), (4)

Where Ris the ultimate load,is the embedded length of bar anpdsdthe
bar diameter. The effect of the various parametarthe load-slip characteristics will
be discussed as follows.
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Effect of relative rib area (a sp)

The values of the applied load from pull-out testreased with the increase of the
relative rib areadsy,). Generally the shape of the load-slip curvesestad prismatic
specimens for small relative rib areay) differs from the shape of the load-slip curves
of tested prismatic specimens for high relativeatiéa ¢s,). .Also with increasing the
relative rib area of steel bar the failure of spesms was brittle and the stiffness of the
load —slip relationship increased as shown in Rigjsand (4).

pull-out load (ton)
; ; FC=000 kgicm~2

——Sm(0.00), HSF

—+Lxx (0.03).HSF

- BS (0.045).HSF

= EZ (0.060).HSF

—=B/S (0.062)HSF

- EZIAL(0.065 HSF

-+ EZ-AL(0.069). HSF

= EZ. AL1(0.07).HSF
ARSL (0.072).HSF

= NS (0.073).HSF

=TS (0.076).HSF

= DK2 (0.078 ).HSF

—DK1 (0.090).HSF
BSS5 (0.093).HSF

\— EZ . AL2 (0.10).HSFE/

o 0.4 o.s 1.2 1.6 2 2.4 2.8
SLIP (mm)

Fig. (3): Pull-out load -Slip relationship for ted specimens with different rib area
(asy and Harex steel fibers (H.S.F).

e pull-c;-l:lt Iuadi (ton) :

c=900 kaglcm® 2

— Sim({0.00) .GF

== Lxx(0.03) ,GF

~BS (0.045).GF
EZ (0.060),GF

= BIS (0.062).GF

- EZIAL{0.065), GF

- EZ-AL(D.069).GF

= EZ.AL1{0.07),GF

- ARSL (0.07 2).GF

= NS (0.073).GF

- TS (0.076).GF

= DK2 (0.0TE ).GF

—DK1 (0.090),GF

— BS5 (0.003),GF

EZ . ALZ (0.10),GE/

[1] 0:4 D:E 1.2 1.IE 2 2:4 2:3
SLIP {mm}
Fig. (4): Pull-out load-Slip relationship for tedtepecimens with different rib areas()
and Glass fibers (G.F).

Effect of fibers types

The values of the applied load at all values gb &tir prismatic specimens having
metallic fibers were more than those values ofnpaitic specimens withon-metallic
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fibers. The values of the applied load at all valed slip for prismatic specimens
having non-metallic fibers were more than that galof prismatic specimens without
fibers for high strength concrete(H.S.C.). Thettiply failure of specimens was more
brittle for high strength concrete without fibeBut for high strength concrete with
fibers the splitting failure of specimens was lbgtle, as shown in figs. (5).

g pull-out load (ton) pull-out load (ton)

—%EZ (0.060)
—EZ (0.060),PSF

10

1 ”’:r”’:*”’:T”":EZ 0.060),HSF )~~~ ]
0 0 ; ; ; ; ; ;
0 0.4 0.8 1.2 1.6 2 2.4 2.8
SLIP (mm) SLIP (mm)
(a) — For bar (E415,=0.060,) (b) —For bBZ(04~=0.060,)
) pull-out load (ton) , pull-outoad (ton)
i : : ! [ ! ‘ £ ) Fc=900 kg/cm”2

1f---r--r--r[=EZ.AL2 (0.10) W.Q - [ N SE7 . AL2 (0.10)

. f —EZ . AL2 (0.10),PSH
8

71

6 s

5 18§

4

2 |

1 :+

0 1

0 04 08 12 16 2 24 28
SLIP (mm) SLIP (mm)
(c) — For bar (EZ.AL21sb=0.10) (d) —For bar (EZ.Ad20=0.10)

Fig. (5 ):Pull-out load -Slip relationship for tedtspecimens without and with
metallic fibers,
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Table (4): Values of the ultimate bond strength (fb) for pull-out

Specimens

Notation

specimens without fibers, Sogh. et af’.

Relative
Rib Area

(asb)

Ultimate Bond
Strength
fou kglent

Mode of Failure

(Failure Type)

Pull-out

Pull-out

Pull-out

Splitting

Splitting

Splitting

Splitting and explosive

Splitting and explosive

Splitting and explosive

Splitting and explosive

Splitting and explosive

Splitting and explosive

Splitting and explosive

Splitting and explosive

Splitting and explosive
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Table (5): Values of the Ultimate bond stress (f) for pull-out specimens

Series

Specimens
Notation

104.346

Mode of Failure

Pull-out

196.531

Pull-out

210.880

Pull-out

230.775

Pull-out

233.261

Pull-out

237.489

Pull-out

240.970

Tension Failure of prism

243.830

Tension Failure of prism

247.436

Tension Failure of prism

249.426

Tension Failure of prism

252.410

Tension Failure of prism

255.891

Tension Failure of prism

265.341

Splitting

269.320

Splitting

282.251

Splitting

CF16-30

106.285

Pull-out

202.823

Pull-out

216.600

Pull-out

229.034

Pull-out

230.526

Pull-out failure

234.256

Pull-out failure

237.247

Tension Failure of prism

239.232

Tension Failure of prism

242.214

Tension Failure of prism

243.457

Splitting

245.447

Splitting

248.555

Splitting

257.135

Splitting

260.865

Splitting

269.071

Splitting
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Table (6): Values of the Ultimate bond strength (i) for pull-out
specimens withGlass fibers (G. F.) and polypropylene fibers ( P.F. ).

Specimens
notation

Fiber Types

Glass Fibers
(G.F)

96.98

Mode of failure

Pull-out

182.77

Pull-out

193.72

Pull-out

206.90

Tension Failure of prism

207.89

Tension Failure of prism

210.88

Tension Failure of prism

211.87

Splitting

213.61

Splitting

215.11

Splitting

216.35

Splitting

217.59

Splitting

219.83

Splitting

226.79

Splitting

229.78

Splitting

235.99

Splitting

Polypropylene
Fibers
(P.P.F.)

99.472

Pull-out

185.764

Pull-out

197.601

Pull-out

209.338

Tension Failure of prisir

211.129

Tension Failure of prism

214.610

Tension Failure of prism

217.246

Tension Failure of prism

219.335

Tension Failure of prism

222.071

Tension Failure of prism

223.563

Splitting

225.304

Splitting

227.293

Splitting

236.494

Splitting

239.976

Splitting

247.436

Splitting
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DISCUSSIONS OF RESULTS

This item describes and interprets the analyste@bbtained test results of tHéSC)
Pull-out specimens with metallic and non-metalileefs. The analysis includes the
relationship between the average values of thenaté bond strength versus relative
rib area of barso(sp), and fibers types for pull-out specimens.

Influence Of Relative Rib Area (asb )

The average value of the ultimate bond strength fr pull-out prismatic specimens
having high relative rib arean£0.06,) for bars were higher than the corresponding
value for pull-out specimens having low relative drea ¢,<0.065) for bars as a
result of decrease relative movement between thand concrete, .The average values
of the ultimate bond strengthy{f for pull-out prismatic specimens increase with th
increase of the relative rib area).

It can be estimated using the equations:

fo=157.0+730 ). .. ... for (as,)>0.0 , specimens without fibers ........................ (5)
fo=161.0+7464). .. ... for (as,)>0.0, specimens with glass fibers(G.F) ............... (6)
fo,=157.6+887dsy) -..... for (0sp)>0.0, specimens with polypropylene fibers (P.F7y)
fp,=158.5+12184yy)...... for (0s,>0.0) , , specimens with plain steel fibers (P.S.F3)
fo=173.6+941.5,) ... for (0s5>0.0) , , specimens with harex steel fibers(H)S.0)

asshown in Fig.(6) .

Equations (5,6,7,8&9) and the test results inditatieat the increase of
relative rib area dsp) of steel bar increases the bond strength . Thiardaof
specimens was brittle for high relative rib areg,( Ductile failure was achieved for
small and medium relative rib area). The stiffness of the load—slip relationship the
relative rib areadsy) increases.

. Utimate Bond Strength (kg/cm”2)

Ultimate bond strees (kg/cm”2)

100

[f};Without fiber Hiilain steel fiberzkHarex steel fiber j

50

0.03 0.05 0.07 0.09 0.11
Relative Rib Area Relative Rib Area

Fig. ( 6 ):Ultimate bond strength,(f versus relative rib aread) for tested Specimens.
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Influence Of fibers types

The average value of the ultimate bond strengthplai-out prismatic specimens
increases due to the addition of fibers for ceteedue to decrease of the slip between
concrete and steel bars, as shown in Fig. (7) r&ieahanced the ultimate bond
strength and the bond behavior of deformed barargsting the bond and splitting
cracks , and possibly by delaying the crushingooiccete between the lugs.

Adding (G.F .and P.P.F) to the specimens increttsedltimate bond strength
(fou) by 3 and 7 % respectively .Also adding plain aackek steel fibers (H.S.F ) to the
specimens increased the ultimate bond strength Ep@22 and 17 % respectively. The
use of fibers enhanced the ductility of bond faluvletallic fibers enhanced the bond
strength more than non- metallic fibers.

Ultimate bond stress(kg/cm”2)

L -@} EZ <BIS SEZIAL SEZAL ZEZALT
SL_AS ﬁJS‘ —DK2 =K1 5§5 —=EZAL.

Ultimate bond stress(kg/cm”2)

Sm [lxx @BS CIEZ ®BS WEZIAL BEZAL EEZALL
ARSL OUNS CITS EB0K2 @901 E3BS5  EIEZ.AL2

e s

200

b 150

100

50

‘ , LELE

175 =
Without fiber Plain steel F Harex steel F Without fiber

Glass fiber Polypropy fiber

FIBER TPES FIBER TPES

Fig. ( 7 ):Ultimate bond strength,(f versus fibers types for specimens

SUMMARY AND CONCLUSIONS

1- The modes of failure of high-strength concrete \ilters for pull-out specimens
depend on the rib geometriyif) for the steel bars and the fibers types.

2- Shear failure occurs along the perimeter of thefbaicase of specimens with
deformed bars having small relative rib areids)(< 0.05 and for smooth bars
(Osp)=0.00.

3- Tension failure of specimens occurs with deformaisthaving medium relative
rib area .0.05 €13,<0.075

4- Splitting failure of concrete cover takes place dase of specimens with
deformed bars having high relative rib aregs> 0.075

5- The modes of failures are affected by the presehtiber types. Tension failure
depends on fiber types.

6- The use of fibers enhanced the ductility of bontlife, the pull-out failure type
obtained for specimens without or with fibers (plar harex steel fibers).

7- The ultimate loads increased with the increaselative rib area o;) and the
type of fibers .
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8- The average value of the ultimate loads for spessmeaving metallic fibers
were large than the corresponding value with notehiefibers.

9- The average value of the ultimate loads for specsrieaving high relative rib
area (@, >0.075 were higher than the corresponding valudéming medium
relative rib area 0.05(0,)<0.075. Also the average value of the ultimate loads
for specimens having medium relative rib area ©.@%y) <0.075 were higher
than the corresponding value for specimens having telative rib area
(0sp)<0.05.

10- The average values of the ultimate bond strength f@r specimens with and
without fiber increased with the increase of thatiee rib areadsy).

11- The average value of the ultimate bond strengthf(ir specimens having fibers
were higher than the corresponding values for speres without fibers. Also the
average value of the ultimate bond strengtl) br specimens having metallic
fibers were higher than the corresponding values sfpecimens with non-
metallic fibers.
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