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Abstract

This work aim to study the effect of transverse reinforcement , area of splice
bar, concrete cover thickness, rib area and the increasing in concrete strength (high-
strength concrete) on bond strength between concrete and reinforcing spliced bars .
Therefore, a new simple equation is derived for beams with spliced bars and
confined by transverse reinforcement to cdculate bond strength and reflects the
effects of these factors .Where many of existing codes and provisions used to
calculate the spliced strength do not include or reflect the influencing of these factors
in bond strength estimation . Based on experimenta results from previous works ,
(116) confined beams with spliced bars are investigated in this study , where

concrete compressive strength ( fc() ranging from 25 MPato 113.793 MPa ,amount
of transverse reinforcement vary in a wide range and , conventional and high
relative rib area of deformed bars are present in these beams . The proposed method

exceed the limitation of ( fc(£69MPa) that given by ACI code .Where the
proposed method is examined and applicable for concrete compressive strength up

to 113 MPa . Also, in this work the second root of f is examined , as concrete

strength increased with high-strength concrete , to reach a suitable value for both
norma and high- strength concrete and to be more appropriate with the heavy

present of transverse reinforcement . Power of (0.35) is adopted and used in this
work instead of the second root of f .

Keywords: Beams , Concrete , Bond Strength , splice length , transverse
reinforcement ,Confinement , Rib Area, high-strength concrete,
deformed bar.
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Introduction

Over the years , the estimation
of bond strength between concrete
and reinforcing bars has been
improved .This  improvement
added a significant knowledge on
bond behavior. The accuracy of
the bond strength prediction
increased and improved due to the
increase in available test results
that recently studied the effect of
many factors on bond strength .
The effect of admixtures of silica
fume and other admixtures , the
effect of lightweight aggregate
and the effect of epoxy-coated
reinforcing bars has been studied
for their influence on bond
strength **° . In the last few years ,
high-strength concrete ( HSC )
has gained popularity for diverse
applications such as bridges ,tall
buildings , pavements ,etc .As the
effect of concrete strength has
been investigated 2°% , a
comparison of the effects on bond
strength  of normal-strength
concrete ( NSC ) and HSC has
been made . Research indicates
that bond strength increased with
the increase of compressive
strength of concrete and cover
thickness *° The extent of
damage a the steel-concrete
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interface  depends on  concrete
strength  and bar deformation
pattern®>. This damage was more
extensive near the discontinuous
ends of splices’.

Bond failure of ribbed reinforcing
bars generally involves splitting
of the surrounding concrete cover
unless heavy confinement
reinforcement are present
Splitting failure results from a
fracture of the concrete aong the
bar due to the lateral tension

caused by wedging action
provided by the bar
deformations %93 -
The use of transverse

reinforcement  is  useful for
ductility problems, where the
unconfined beams tend to fail in
more brittle mode than the
confined ones-especially , when
HSC is used , in which the drop in
ductility is obvious ®*? .
Azizinamini et a." studied the
effect of HSC on bond in spliced
beam tests . When results indicate
that the average bond stress values
along the spliced reinforcing bars
normalized with respect to the
square root of concrete

compressive  strength (\/f_cq:),the

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.28 No..2,2010

Bond Strength-Splice L ength in Concrete
Beams Confined by Transverse
Reinfor cement

influence

decreased with rising £ . The rate

of decrease  becomes  more
pronounced as the splice length
increases . They also noticed that
the bearing capacity of concrete is

rdated to < while

concrete strength

tensile

capacity is related to (\/f_cq:) . HSC
development failure in beams
proved to be more brittle than with
NSC .Therefore a suitable amount
of transverse reinforcement must
be used especially in the case of
HSC . Zuo et a.6 have applied the

influence of £ in their proposed
design .Instead of using \/f_cq:,they
1/4
proposed using f¢
Research Significance
This work intends to give a
better  understanding of  the
influence on bond strength
(bond  between concrete and
reinforcing bars being spliced or
developed) of the different
factors, by providing a new simple
and more accurate approach
Concrete strength  properties
availability of transverse
reinforcement within the splice
region and the relative rib area
are studied and examined . The
proposed equations effect of these
factors on the estimation of the
splice strength.
Also, the use of the square root of
concrete  compressive  strength

(\/f_cq:)examined and the effect of
concrete strength on this term is
studied .

Bond Strength Mechanism
For Deformed Bars

When deformed reinforcing bars
are embedded in concrete , their

devdopment is provided by
chemica adhesion , friction
between the reinforcing bars and
the surrounding matrix , and
bearing against the face of the ribs

The total bond force is the sum
of the components of the bearing
and friction forces on the rib acting
parallel to the reinforcing bar axis.

Although, adhesion and friction
are present when a deformed bar is
loaded for the first time , these
bond transfer mechanisms are
quickly lost leaving the bond to be
transformed by bearing on the
deformations of the bars ,Fig.(1a).
Equa and opposite bearing
stresses act on the concrete
,Fig.(1b) .The forces on the
concrete have both a longitudina
and a radial component , Fig.(1 ¢
and d) .The concrete will split
parallel to the bar and the resulting
crack will propagate out to the side
or bottom surface of the beam™* .

Nominal Bond Strength
Estimation
Generally , for any

reinforced concrete beam , flexural
tensile forces are provided by
reinforcing bars . Therefore there
must be a force transfer (bond)
between the two materials

Internal forces acting in the beam
and forces acting in the reinforcing
bars are illustrated in Fig.(2a and
2b)* . When this bond strength is
lost the reinforcing bar will pull
out of the concrete and the tensile
force (T) will drop to zero causing
the beam to fail .Stresses or forces
in the reinforcing bars vary from
point to pint aong the length of
bar, Fig.(3) * . If fs, is greater than
fa ,bond strength (u) must act on
the surface of reinforcing bar to
ensure equilibrium . By summing
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al the forces parale to the
reinforcing bar the average bond
strength will be'

(fsz_ fsl)%:uavg_(pdh)L (1)
And
(f,_fq)=Df, (2

By substituting Eqg.(2) in Eq.(1)

then

Ua = Df.d, ...(3)

4 L

Where the use of term (Uag) is due

to the non-uniform distribution of

bond strength aong the reinforcing

barl4,15 )

When a reinforcement bar reaches

the yield stress , the term Afs will

be replaced by steedl yidd stress

(f), Eq.(4)

Upg = fydh (4)
4L

Bond Strength-Splice Length, In
ACI 08 and Previous Provisions
Many studies tried to obtain a
reliable formula that gives a suitable
estimation for the bond strength
between the concrete and the
reinforcing bars that are being spliced
or developed . Also, several equations
have been derived to determine the
splice or devd opment length . As for
the ACI code 08 ¢ , the estimation of
splice or development length has been
expressed in arediable formula Eq.(5)

+ k.,

000000y

L= fy Y.
11 4f.° g

d,

In which , the term
2, *+ K./ Oshal not be taken

8 dbﬂ
greater than 2.5 , the product of
Yy, Y. donotexceed 1.7, and

K _A f ....(6)
“ 10 s n

Other studies proposed different
gpproaches to predict the
splice/development  length and the
bond strength .

Esfahani et a.® provided a set of
equations to calculate the bond
strength and the splice length

+ RN
v M me L p e+ s AN (7)
185 + 0024 M & c cs;

Where A in this provision represents
the area of one transverse reinforcing
bar .

In which

+

C +
u, =47 a, 5\/7¢ forHSC ....(9)

%b + 55

- 6 ....(10)
M :cosh§.0022L 3 ?c:
b g

Also, Esfahani et al.® derived another
equation to obtain the development /
splice length asin Eq.(11)

%b + 5
u, =27 A /@ forNSC  ....(8)

_ T _A f

L_a m_a \/TC‘T» (11)
Where :

amra, S8 ..(12)

° %b + 36

And fs is the tensile stress in the
reinforcing bar a failure
.Conservativdy fscan be replaced by
f, which also provides a margin of
safety ® .

Zuo e a.° obtained a new design
expression for the splice length ,in
which the effects of concrete strength
, coarse aggregate quantity , type and
reinforcing bar geometry and amount
of transverse reinforcement are
evaluated The power Y of

compressive  strength  f(  best

characterizes the effect of concrete
strength on splice strength without
transverse reinforcement . While the
power ¥ characterizes the effect of
concrete strength on the additional
splice strength provided by transverse
reinforcement .Reference 6 gives :
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f
y -7

...(13)
Canbay et al.'” tried to derived a
simple equation to estimate the splice

length based on physical modd of
tension cracking of concrete in the lap
spliced region .

I 7 \d,

2=123"10°~
dy

Jie

( chanaed to Sl units)....(14)

New Approach for Bond Strength
Calculation

In order to obtain a better
understanding for bond between
concrete and reinforcing bars in
spliced beams, a new eguation is
derived to calculate the bond strength
and try to reflect the effect of different
factors on bond behavior . Transverse
reinforcement , concrete strength
cover thickness and the rib area of
bars have been considered and
represented in the proposed equation .
The new formula is more simple than
others6,8,17except for ACI 0816 .
The effect of transverse reinforcement
is represented as total area along the
spliced region(At) .And the effect of
transverse reinforcement is related
with the spacing between stirrups
within the spliced length (S) . Cover
thickness, also has an effect on bond
strength of concrete surrounding the
spliced bars.The proposed equations
examine this effect . A tem of

0
égA‘ 2 e gﬂ is given by the
factor (K),Eq.(15) . Where (Ab) isthe
individual splice bar diameter , and
(C) factor represent the minimum

concrete thickness concrete
surrounding the spliced bars .
Zho g0 ..(15)

K= .
gAt 5 &so

Whee , factor (K) reflects the
influence of the surrounding matrix of
spliced bar . Factor (K) can be used
only for spliced beams confined by
transverse reinforcement. This factor
will be added to the nomina bond
strength (u,) to get the fina bond
strength expression , Eqgs.16-19

U = fy .dy
° 4 L
...(16)
u=u_+K
..(27)
fy . €A O £ ol
u= LIS — :
gp\ﬂ gg%
...(18)
Where (K = o)for beams not

confined by transverse rei nforcement .
By using regression analysis a factor
(H) is found to reflect the increase in
concrete strength( in case of HSC ) .
This factor will vary as concrete
strength increased .In  order to
simplify the proposed equation , this
factor can be taken as a constant value
equa to (1.176) . Therefore EQ.(18)
will bewritten asfollows:
f, . eas%o agou

iU EAs Esad " g

u=

Also, in this work the power of f is
examined , as concrete strength
increased with HSC , to reach a
suitable value for both ( NSC & HSC
) and to be more appropriate with the
heavy presence of transverse
reinforcement . Power of (0.35) is

f

used instead of the second root of

.35
, Fig.(4). Fig.(4) f gives a more
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reasonabl e fit linear line than (‘/f_cq:)
,where the power of 0.5 tends to
behave unconservatively with the
f . Therefore , in this

will be adopted instead

increase of
f .35
work ¢

of (\/f_cq:) for splice length ca culation
Eq.(20) .

&
¢fy vy, |

CrE® @ + k0

& £ o 5
Bond Strength and the Effect of
Transverse Reinforcement Within
Splice Region

Generadly , transverse

reinforcement has a significant effect
on bond strength due to the ductility
problems . For spliced not confined
beams the failure occurred suddenly ,
with a quick drop in load after the
peak . In contrast, beams confined by
transverse reinforcement gave a more
ductile behavior , with a slow drop in
load after the pesk . And failure
occurred in more ductile manner
When HSC is used in spliced beams
the failure occurred in a more brittle
manner than beams made with NSC®.
From the above, the important effects
of transverse reinforcement are
obvious , as a solution for ductility
problems . Confinement is more
essential for HSC than NSC .
This work studies the effect of
transverse renforcement on bond
strength , in which NSC and HSC are
used , by using experimental data
from existing research .
Fig.(5) illustrates the relation between
experimental  bond strength and

cal culated bond strength (U % )
calc .

...(20)

|y o

L

b

Sp

, and the total area of transverse
reinforcement (A;) aong the spliced
bars . Where an obvious raise in bond

strength ratio (Um/ ) is noticed
u calc .

with the increase of transverse

reinforcement . As well as, for f(,
Fig.(6).

The effect of transverse reinforcement
present shall not be taken without the
use of HSC considerations , where
both of transverse reinforcement and
HSC have a simultaneous effects on
bond between concrete  and
reinforcing bars .

Effect of Concrete Strength , Rib
Area and Cover Thickness on Bond
Strength

Bond failure at the concrete-
sted interface occurred due to the
concrete crushing at the face of rib .
Concrete damage depended on the
concrete strength and bar deformation
pattern. Usudly damage is more
extensive near the discontinuous ends
of splices6 .For conventiona bars ,
concrete crushed between the bars
ribs .In contrast, high rib area
concrete both crushed and sheared™ .
In confined beams with HSC,
concrete damage at the interface
surface is similar in NSC beams , but
the damage occurred over a longer
region in the former® . In general, the
use of high rib deformed bars
reduction the splice length for both
NSC and HSC .
Fig.(7) provides a redationship
between area of individua splice bar

(Ap) and (Ut% ) , where the
calc

effect of (Ap) on bond strength for
beams confined by transverse
reinforcement isillustrated .

Similarly , concrete thickness factor
(C) have a great effect on the splice
bond strength , in which the increase
in concrete cover thickness has
provides an increase in bond strength .
This increased in bond strength is
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limited because a pullout failure is
expected and the increase in cover is
unlikely to increase the anchorage
capacity'®.
Discussion and Conclusions
This work studies the effect of

different factors on bond strength
between concrete and reinforcing bars

The influence of transverse
reinforcement , area of individual
splice bar (Ap) , concrete cover , rib
area and concrete strength (NSC &
HSC) are investigated by using
experimental  results from previous
works 2871819 Thig study tries to
cover a very wide range of these
factors values . Beams with different
amounts of transverse reinforcement
along spliceregion are studied , where
transverse reinforcement varies in a
very  wide range  .Concrete
compressive strength ( f () variesin a
range of ( 25.0 MPato 113.8 MPa) to
give a redidtic indication to the
increase in concrete strength behavior
, deformed bars with conventional and
high relative rib area has been
covered and beam geometrical
dimensions are also varied in a wide
range .Table (1) summarizes the
details and tested bond strength for
the beams studied in thiswork .
Several provisions are used to
estimate the bond between concrete
and reinforcing spliced bars
including the proposed equations in
this work . A statistical program is
used to cdculate the coefficient of
variagtion ( COV ) , in order to
describe the results of each method .
The proposed equations give the
lowest COV (26.145%) with mean
value of (1.846) of bond strength ratio

utes'[ i
( Am.), and with no beams

failing (Y . ACI 08 *°
g ( A&a\lc . < 1)
have COV of (31.573%) with a very

low mean value of (1.059) where
several beams failed (U e
( A&a\lc < 1)

. Esfahani ® provision have the
highest COV (44.189%) and a mean
value of (1.263) , also this provision is
very complicated and difficult
especidly for design purposes.
Darwin® and Canbay’’ have COV
values of (34.733%) and (35.287%)
(which are also high vaues) with
mean of (1.709) and (2.866)
respectively , where Canbay®’ has the
highest mean vaue and tends to be
extremely unconservative with the
increased of (f() and (A)
respectively .Table (2) summarizes
the results of COV and mean values
for al provisons studied in this work.
From all above, the following facts
can be concluded :

1. Bond strength  between
concrete and reinforcing bars
is highly affected by the
amount of transverse
renforcement , where the
bond strength increases with
the increase in transverse
rel nforcement amount,
Fig.(5).And the failure
occurred in more ductile
manner.

2. Bond strength as wdl as
splice length for beams
confined by transverse
reinforcement increase with
the incresse in splice bar
diameter .

3. The proposed eguations have
a good predicted bond
strength with the increase of
concrete strength ,and
especidly for HSC Fig.(6)
.The proposed method is
examined and is applicable
for concrete compressive
strength up to 113 MPa ,
despite the fact that the
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proposed method exceed the
limitation of ( (£ 69MPa)

that given by ACI 08 *° .
4. For beams with HSC, heavy
transverse renforcement is
highly recommended in order
to avoid the brittleness
problem and to get the
maximum benefit from the
use of HSC for bond strength.
5. The tem f@* is used
instead of the second root of
f& ( or other powers )in
order to reflect the effect of
HSC and the heavy present of
transverse reinforcement.
Notations
Ap = area of an individua bar being
spliced or developed .
Ay, Ay = totd cross-sectional area of
al transverse
reinforcement within the
reinforcement length
being spliced or
deveoped .
C, &,c = smaler of (3 the distance
from center of a bar to
nearest concrete surface ,
and (b) one-haf the center-
to-center spacing of bars
being spliced or deve oped .

Cned = median of side and bottom
concrete cover and one-ha f
the center-to-center spacing
of bars being spliced or
developed .

COV = coefficient of variation .

d= longitudina reinforcing bar

diameter .

d. = transverse reinforcing bar

diameter .

( .
f . = concrete compressive strength .

fa and fy =stresses acting in the
reinforcement bar .
f, = specified sted yield strength .

fyx = specified yidd strength of
transverse reinforcement .

H = factor used to reflect the effect of
high-strength  concrete on  bond
strength .

HSC = high-strength concrete.

L,l4= splice or devel opment length .

n = number of bars being spliced or

deveoped .

N = number of transverse
reinforcement within the splice
region .

NSC = normal -strength concrete .
Ss= center-to-center spacing  of
transverse reinforcement .

u = calculated bond strength along the

reinforcement bar being spliced .

Ung=average bond strength along the

reinforcement bar .

U, = nomina bond strength between

concrete and reinforcing bars .

les = experimental (measured)bond
strength .

A = modification factor related to

density of concrete.

e = factor used to modify spliced or
development length based on
reinforcement coating .

ys = factor used to modify spliced or
development length based on
reinforcement size.

y; = factor used to modify spliced or
development length based on
reinforcement location .

Acknowledgment

The researcher wishes to
thank everyone in the Building &
Construction Engineering
Department.

References

[1] Treece R. A., and Jirsa, J. O.

, “Bond Strength of Epoxy-

Coated Reinforcing Bars

” ACl Materids Journal Vol.

86,No. 2,March-April

1989,PP.167-174 .

[2] Hamad , B. S. and Machaka,

M. F. , “Effect of Transverse

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.28 No..2,2010

Bond Strength-Splice L ength in Concrete

Beams Confined by Transverse
Reinfor cement

(3]

[4]

(3]

(6]

[7]

8]

reinforcement on bond
strength of reinforcing bars in
silica fume concrete
” Materidls and  Structures
Journal , Vol. 32, July
1999,PP.468-476 .

Gjorv, O. E. , Monteio,
P.JM., “Effect of Condensed
Silica Fume on the Sted-
Concrete Bond”, ACI
Materials Journal Vol. 87,No.
6,Nov.-Dec. 1990,PP.573-
580.

Hwang, S. J., Leg Y.Y., and
Lee C.S. , “Effect of Silica
Fume on the Splice Strength
of Deformed Bars of High-
Performance Concrete”, ACI
Structural Journa Vol. 91,No.

3,May-June 1994,PP.294-
302.

Mor, A., “Sted-Concrete
Bond in High-Strength

Lightweight Concrete”, ACI
Materials Journal Vol. 89,No.
1,Jan.-Feb. 1992,PP.76-82 .
Zuo ,J., and Darwin, D.,
“Splice Strength of
Conventiona and  High
Relative Rib Area Bars in
Normal and High-Strength
Concrete’, ACI  Structurd
Journal Vol. 97,No. 4,July-
Aug. 2000 ,PP.630-641 .
Hwang, S. J., Leu, Y. R, and
Hwang H. L., “Tensile Bond
Strengths of Deformed Bars
of High-Strength Concrete”
LACI Structural Journa Vol.
93,No. 1, Jan.-Feb. 1996,PP.
11-20.

Esfahani, R. M. and Kianoush
M. R. , “Devedopment/Splice
Length of Reinforcing Bars”,
ACI Structural Journal Vol.
102,No. 1, Jan.-Feb. 2005
,PP.22-30 .

[9] Choi, O. C., and Lee W. S. ,
“Interfacial Bond Analysis of
Deformed Bars to Concrete”,
ACI Structural Journal Vol.
99,No. 1, Nov.-Dec. 2002
,PP. 750-756 .

[1Q] Darwin, D.,Tholen
,M. L., Idun, E. K. , and Zuo
J., “Splice Strength of High
Relative Rib Area
Reinforcing Bars”,ACI
Structural Journal Vol. 93,No.
1, Jan.-Feb. 1996 ,PP. 95-107.

[11] Azizinamini,

A.Pavd, R. Hatfild |E.,and
Ghosh , S. K., “Behavior of
Lap-splice Reinforcing Bars
Embedded in High-Strength
Concrete”, ACI|  Structurd
Journd Vol. 96,No. 5, Set.-
Oct. 1999 ,PP. 826-835 .

[12] Azizinamini, A,
Darwin,  D.,Eligehausen,R.,
Pavd, R.,and Ghosh , S. K.,
“Proposed Modifications to
ACI 318-95 Tension
Development and Lap Splice
for High-Strength Concrete”,
ACI Structural Journal Vol.
96,No. 6, Nov.-Dec. 1999
,PP. 922-927 .

[13] Azizinamini,
A.,Stark,M., Roller JJ., and
Ghosh , S. K. “Bond

Performance of Reinforcing
Bars Embedded in High-
Strength  Concrete”,  ACI
Structural Journal Vol. 90,No.
5, Set.-Oct. 1993 ,PP. 554-
561 .

[14] James G. MacGregor
and James K. Wight
“Reinforced Concrete
Mechanics and Design”
Fourth Edition , Upper Saddle
River , New Jersey , 2005 .

[15] Feldman,L. R.,and
Bartlett ,F. M.,“Bond Stresses

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.28 No..2,2010

Bond Strength-Splice L ength in Concrete

Beams Confined by Transverse
Reinfor cement

Along Plain Sted Renforcing
Bars in  Pullout Test
Specimens”,ACI Structurd
Journal Vol. 104,No. 6,Nov.-
Dec. 2007 ,PP. 685-692.

[16] ACl Committee 318,
“Building Code Requirements
for Structural Concrete (ACI
318M - 08) and Commentary
(ACI  318RM - 08)”,
American Concrete |nstitute,
Farmington Hills ,2008 .

[17] Canbay,E.,and Frosch
R. J., “Design of Lap-spliced
Bars: Is  Simplification
Possible?”, ACI  Structurd
Journal Vol. 103,No. 3,May-
June 2006,PP. 444-451 .

[18] Hester,C. J,
Sdamizavaregh, S. , Darwin,

D.,and McCabe, S. L., “Bond
of Epoxy-Coated
Reinforcement:  Splices”,ACI
Structural Journal Vol. 90,No.
1, Jan.-Feb. 1993 ,PP. 89-102.
[19] Rezansoff , T.,
Akanni, A., and Sparling, B.,
“Tensile Lap Splices Under
Static Loading: A Review of
the Proposed ACI 318 Code
Provisions”’, ACI Structural
Journal Vol. 90,No. 4,Jduly-
Aug. 1993 ,PP. 374-384 .

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.28No..2,2010 Bond Strength-Splice L ength in Concrete
Beams Confined by Transverse
Reinforcement

Table (1) Details and test result for splice beams confined by

transver se reinforcement
beam | beam name or fc( d Utest
b (Mmm) n di (mm) N Ref.

No. no. (Mpa) (Mpa)

1 19.3 NNL 29.310 254 3 9.525 3 4.101 6
2 20.1 NNL 35.035 35.814 3 12.7 8 4.316 6
3 20.3 NNL 35.035 35.814 3 12.7 5 4.16 6
4 21.1 NNL 29.862 254 3 15.875 6 5.302 6
5 21.5 NNL 29.862 254 2 12.7 5 5.329 6
6 23a1HHL 62.621 254 3 9.525 4 6.469 6
7 21.3 NNL 29.862 25.4 3 15.875 5 5.254 6
8 23a4HHL 62.621 254 3 9.525 4 6.492 6
9 23b.1HHL 57.724 25.4 3 12.7 5 7.564 6
10 23b.5HHL 31.035 35.814 2 12.7 5 5.324 6
11 27.2 HHL 74.552 25.4 3 9.525 6 5.88 6
12 27.4 HHL 74.552 25.4 3 12.7 5 7.389 6
13 27.6 HHL 74552 25.4 3 12.7 4 7.504 6
14 28.1 HHL 86.966 35.814 2 9.525 5 6.92 6
15 28.3 HHL 86.966 35.814 3 9.525 4 5.814 6
16 29.2 HHB 73.241 254 3 9.525 3 7.204 6
17 29.4 HHB 73.241 25.4 3 9.525 6 7.46 6
18 29.6 HHB 73.241 254 3 9.525 4 8.367 6
19 30.1 HHB 91.172 35.814 2 9.525 3 6.419 6
20 30.3HHB 91.172 35.814 3 9.525 2 5.801 6
21 31.3HHB 88.897 254 2 9.525 2 7.02 6
22 33.2NHL 36.966 254 3 12.7 6 5.878 6
23 33.3NHL 36.966 254 3 9.525 4 5.512 6
24 33.4 NHL 36.966 254 3 9.525 4 5.581 6
25 33.6 NHL 36.069 254 2 9.525 2 4.536 6
26 35.1 NNL 36.759 25.4 2 9.525 5 5.894 6
27 35.3 NNL 36.759 254 2 9.525 5 5.32 6
28 37.4 NNL 33.103 254 3 12.7 7 6.052 6
29 39.2 HHB 99.655 254 3 9.525 4 7.508 6
30 39.3HHB 99.655 254 3 9.525 4 8.393 6
31 40.1 HHB 107.931 35.814 2 9.525 4 7.033 6
32 40.4 HHB 107.931 35.814 2 9.525 4 6.212 6
33 41.1 HHL 70.207 25.4 2 9.525 2 7.123 6
34 41.2 HHL 70.207 25.4 3 15.875 4 8.938 6
35 41.3 HHL 70.207 25.4 3 12.7 4 8.543 6
36 41.4 HHL 70.207 25.4 3 15.875 4 8.319 6
37 41.6 HHL 72414 25.4 3 9.525 2 7.039 6
38 42.1 HNL 82.276 254 2 9.525 2 6.768 6
39 42.4 HNL 82.276 25.4 3 12.7 4 7.611 6
40 42.5 HNL 82.276 25.4 3 15.875 4 8.389 6
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Table (1) Continued

beam | beamnameor | K ) o | g | N | e Rer
(Mpa)

41 43.2HNL 79.517 254 2 9.525 2 6.992 6
42 43.3HNL 79.517 254 3 12.7 4 8.484 6
43 43.6 HNL 79.517 254 3 15.875 4 8.906 6
44 8N3-16-2-U 41.310 25 3 9.5 2 5.987 18
45 8N3-16-1-C 41.310 25 3 9.5 1 4.048 18
46 8N3-16-2-C 41.310 25 3 9.5 2 4.525 18
47 8C3-16-2-U 42.759 25 3 9.5 2 4.683 18
48 8C3-16-2-C 42.759 25 3 9.5 2 4.027 18
49 8S3-16-2-U 41.517 25 3 9.5 2 4.938 18
50 8S3-16-2-C 41.517 25 3 9.5 2 3.391 18
51 8S3-16-2-C 41.517 25 3 9.5 2 3.211 18
52 8S3-16-2-U 44.483 25 3 9.5 2 5.023 18
53 8S3-16-3-U 44.483 25 3 9.5 3 5.34 18
54 8S3-16-2-C 44.483 25 3 9.5 2 3.401 18
55 8S3-16-3-C 44.483 25 3 9.5 3 3.264 18
56 8C3-16-2-U 37.862 25 3 9.5 2 4.938 18
57 8C3-16-3-U 37.862 25 3 9.5 3 4.578 18
58 8C3-16-3-C 37.862 25 3 9.5 3 3.677 18
59 8C3-22%:-3-U 40.345 25 3 9.5 3 4.188 18
60 8C3-22%:-4-U 40.345 25 3 9.5 4 4.143 18
61 8C3-227:-3-C 40.345 25 3 9.5 3 2.653 18
62 8C3-227:-4-C 40.345 25 3 9.5 4 2.87 18
63 8C3-16-3-U 36.138 25 2 9.5 3 5.457 18
64 8C3-16-3-C 36.138 25 2 9.5 3 5.4.102 18
65 la 27.500 25.2 2 6.35 6 4.099 19
66 3a 27.500 25.2 3 6.35 6 3.814 19
67 4a 27.800 29.9 3 6.35 4 3.397 19
68 1b 26.200 25.2 2 6.35 6 3.881 19
69 3b 26.200 25.2 3 6.35 6 3.452 19
70 4b 25.700 29.9 3 6.35 5 3.003 19
71 6 25.000 25.2 3 7.94 8 3.971 19
72 7 25.000 25.2 3 16 4 5.443 19
73 8 25.000 25.2 3 16 3 5.019 19
74 9 26.800 29.9 3 113 10 4.292 19
75 10 28.200 29.9 3 16 7 6.194 19
76 C10 51.400 25 2 10 1 7.87 2
7 C230 65.000 25 2 10 2 8.98 2
78 C30 65.100 25 2 10 3 10.11 2
79 C1s8 75.900 25 2 10 1 7.48 2
80 C238 80.200 25 2 10 2 8.16 2
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Table (1) Continued

beam | beamnameor | K& b g | N | e R
(Mpa)

81 C3s8 75.600 25 2 10 3 8.98 2
82 C1S16 98.400 25 2 10 1 5.84 2
83 C2S16 96.200 25 2 10 2 8 2
84 C3S16 81.300 25 2 10 3 8.99 2
85 70-L300-9S1 71.400 28.7 2 9.5 5 1177 7
86 70-L200-9S1 61.700 28.7 2 9.5 3 154 7
87 70-L200-9S2 72.000 28.7 2 9.5 3 11.67 7
88 55-1.300-9S1 59.400 28.7 2 9.5 5 9.02 7
89 55-1.300-9S2 54.400 28.7 2 9.5 5 10.49 7
90 55-1.200-9S1 58.200 28.7 2 9.5 3 12.45 7
91 55-L.150-9S1 56.700 28.7 2 9.5 3 13.53 7
92 40-L.300-9S1 48.000 28.7 2 9.5 5 8.63 7
93 9 110.366 25.4 2 10 7 7.641 11
94 11 108.372 25.4 2 10 4 7.641 11
95 13 109.545 25.4 2 10 5 5.814 11
96 22 108.372 25.4 2 10 6 12.736 11
97 24 108.372 25.4 2 10 3 12.736 11
98 26 109.545 25.4 2 10 4 9.791 11
99 27 108.255 25.4 2 10 3 10.054 11
100 14 108.255 25.4 2 10 4 5.97 11
101 10 110.366 25.4 2 10 5 7.641 11
102 49 108.69 36 3 10 9 6.902 11
103 51 108.621 36 3 10 8 5.47 11
104 52 102.414 36 3 10 7 6.135 11
105 54 104.134 36 3 10 13 4.801 11
106 55 104.134 36 3 10 9 4.801 11
107 57 113.793 36 3 10 6 4.801 11
108 61 104.766 36 2 10 9 13.913 11
109 62 110.366 36 2 10 5 13.529 11
110 63 110.366 36 2 10 4 13.529 11
111 65 100.538 36 2 10 6 11.274 11
112 67 106.324 36 2 10 8 9.938 11
113 68 106.324 36 2 10 6 9.938 11
114 69 108.255 36 2 10 4 9.663 11
115 70 108.255 36 2 10 3 9.663 11
116 53 102.690 36 3 10 5 4.33 11
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Table(2) Statigtical resultsfor provisions studied in thiswork

Provisions studied in thiswork
Statistical
measur ements Proposed
method (Egs. ACI 08 Darwin 2000 | Esfahani 05 Canbay 06
19and 20)

COV.% 26.145 31.573 34.733 44.189 35.287
M ean (aver age) 1.846 1.059 1.709 1.263 2.866
M ax. 3.223 2281 3.935 2.251 6.793
Min. 1.014 0.497 0.760 0.513 1.240

Max.
- 3.179 4.590 5.178 4.388 5.478

Min.
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Figure (1) **Bond transfer mechanism .
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Figure (3) * Relationship between changein bar stress and average
bond stress.
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Figure (4) Concrete compressive strength powers.
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Figure (5) Relationship between bond
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the spliced bars.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.28No..2,2010 Bond Strength-Splice L ength in Concrete
Beams Confined by Transverse
Reinforcement

-
3.00 |
*
. 3
¢ o o+ 0
2.50 | * . .
- * o % *
. 3 -
w * o . * e Y
° s
S 200 o4¢ . * e .
@ * -
e e e —% 4
5 ¢ . LN A
* 3 ¢ . .
> § . - H
1507 eee 3“ * .
* §¢ * %
. -
< .
L PO
1.00 *
0.50 T T T T
20.00 40.00 60.00 80.00 100.00 120.00

o
concrete compressive strength (MPa)

Figure (6) Effect of concrete
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