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Abstract

Sixty beams, obtained from the literature, have been studied in this
work. All these beams, failed in development of deformed bars in
tension. Most ultimate bond stress equations are based on normal
strength concrete tests.

Regression analysis led to a proposed design equation for bond
strength of deformed bars in tension. This method is shown to be a
safe and at the same time giving a coefficient of variation (COV) of
13.56 present. This value is lower than all the (COV) obtained for
the 5 existing code methods.
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strength  concrete.  Recent
advances in technology have
led to production of high
strength concrete. Thus it is

Introduction

Most methods used for
development of deormed bars
in tension are based on normal
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necessary to study development
in high strength concrete.

Research significance

The paper reviews the
development of tension bars in
high and normal strength
concrete beams based on 5
methods: ACI-02" | Zsutty® ,
Orangun et. al.® , Kemp and
Wilhelm® , and Darwin et.
al.®). These methods are based
on normal strength concrete
tests to find the ultimate bond
stress equations. This work
aims at finding suitable
equation to  predict bond
strength for high and normal
strength concrete beams. A
proposed simple design
method, which is based on a
regression analysis, is
introduced.

Experimental Results

All  available tests of
development of tension bars
obtained from the literature are
used in this work. Table (1)
gives the range of variables of
these 60 beams. These variables
are: Compressive strength of
concrete  f.,  development
length L, width of concrete
section b, diameter of anchored
bar dj, two clear cover one of
them in x direction (C,) while
the other in y direction (Cy)
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and average bond stress in tests
U, . These beams are obtained
from references (6-9).

Evaluation of Experimental
Results

Existing development  of
tension bars design equations:

The following five existing

methods considered in this
work are applied to the
experimental results of beams
failing in development of
deformed bars in tension.

1. ACI 318M-02 code

method'"

b’—_-_l_. Jr?-: .(li&- ,_.Z_,.._,.. AN
6V 4, Japrr

where:

A reinforcement location

factor,

B coating factor =1.0 for
uncoated bars,

A reinforcement size factor =
0.8 for d, <19 mm

= 1.0 for 4, =20 mm

r light weight aggregate
concrete factor =1.0 for
normal weight concrete,



Enp. & Technology Vol. 24, No. 5. 20035

C"ﬂ =

Ce

ir

the smaller of C.or C;

is one-half the bar
diameter plus the clear
bottom cover to main
reinforcement,

is one-half the bar
diameter  plus  the
smaller of C, or one-half
the clear  spacing
between the bars in the
layer (),

Aﬂ' ¥t

_,lateral reinforce-
SN

ment index,

4

r

o

LS‘

1§

c.+K

area of  transverse
reinforcement crossing
the potential plane of
splitting adjacent to a
single anchored
reinforcement,

Yield
fransverse
reinforcement

strength  of

center to center spacing
of transverse reinforce-
ment, and

number of anchored

bars.

E<25

2. Zsutty method®
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where: r= 1600

C = the smaller of C; or C;
C = the smaller of C, or 0.5*§

[—c—+2r]53
d,

3. Orangun et. al.”
u=lr
"ﬁ‘f ’

( C g /{"rf t
01+025— +4152 +—22
d L 415Bd

b ' b

.(3)

where:
oy <025 and £ 225
41528 d, d,

4. Kemp and Wilhelm"

U=7. 1 0.546 + a.z‘ni]
dy

A
+9.191[_£&) ()
Sd,

where;

A4
Auty <124 and £ <30
db db
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5. Darwin et. al.”®)

U=\7. [[0.088+ 9.176-(-?} *
5

(0. 92+0. 03%——”"?’“]

d,
+6.2282L | (5
min L ] ®

d

maximum value

C max.

of C,or C},
the smaller of
one — half the
c _ clear  spacing
4 between bars
(57 plus 6.35 or
C,
C il _ Mminimum value
< . of C, or C,.
Statistical evaluation of

existing design method

Table (2) indicates the values
of the results of the 60 tested
beams, compared with
predicted strength (Uieo/ULare)-
These values show a range of
1.06-1.62 for the mean of this
ratio. It can be seen that the
Kemp and Wilhelm method is
the one with the greatest
amount (27 specimens) of
unsafe predictions-based on a
value of (U U )<l. The
lowest ratio for this method is
0.60. In contrast, the ACI code
method is the most conservative
with all 60 beams being on

|

the safe side. This method has
the highest mean value (1.62).

The coefficient of variation
(COV) gives a good indication
as a measure of the relevance of
the method for prediction of the
ratio (Uew/'Us). From Table
(2), it can be seen that the
Zsutty method has the highest
COV (at 22.87 percent). The
best COV of all 5 existing
methods is in the Orangun et.
al. method (at 20.29 percent).

Regression analysis of test
results

By using the regression
analysis, the 60 test results were
analyzed by a  personal
computer. The aim is to obtain
a simple and conservative
design method for development
that gives the lowest possible
COV values of the ratio
(Usest’Urare ). This has led to the
following prediction equation
tor U,
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v prop. =+ i e

\f.25
C |
0.36 +031— |
; 7| p
672 b/ ra6-t
C max Ly
1LO0I+00F ——
Cwmin
AIJ‘fJ.Jf
Jo— s
120.85d

b
...(6)

Table (2) shows a summary
of statistical evaluation of the
proposed design method.

To illustrate the relevance of
the proposed design method the
ratio of (Uey/Usai) has been
compared by this method with
that of the available design
code procedure-Eqn. (1) by
ACI 318-02. These are shown
in Figs. (1, 2, 3 and 4).

The comparison in Fig. (1)
between the ACI-02 method
and the proposed method
shows, as expected from Table
(2), a large scatter in the ACI-
02 method, as compared to the
proposed Eqn. (6). In addition,
the proposed method gives
satisfactorily safe prediction.

Similar conclusions regarding
the much greater scatter by the
ACI-02 method can be seen in
Figs. [2 (influence of L), 3
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(influence of b) and 4
(influence of d,)]. A slight rise
of safety with increasing Lgu b,
and dj can be noticed indicating
that this method (ACI-02) tends
to the rise conservative with
increasing Ly, b, and d; i.e. a
positive slope is obtained from
results of (Upes/Uge ) versus Ly,
b, and d,. Similar relationships
using the present new equation
are shown in Figs. (2, 3 and 4).
These figures show
improvement in the obtained
resuits and the best fit line has a
negative slope with a relative

capacity strength value of
( '{)r{ r:s.r/ {f r.'ur'c_) .
Conclusions
Based on this work, the
following  conclusions  are

made:

1- Table (2) shows that the
COV of the ratio (Uew/Usar:)
was in descending order 22.87,
21.59, 20.77, 20.74 and 20.29
respectively  using  Zsutty,
Kemp and Wilhelm, Darwin et.
al., ACI-02, and Orangun et. al.
methods.

2-  Most results of (ACI-02)
indicate conservative prediction
of strength with high arithmetic
mean of (Uew/ULa. ), While the
proposed method led to
improve results compared to
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(ACI-02) are shown in Table
).

3- Fig. (1) shows that the
safety of prediction by the
(ACI-02) and proposed
methods are essentially
unchanged within the range of
f.’. A large scatter in the ACI-
02 method, as compared to the
proposed Eqn. (6).

4-  Figs. (2, 3 and 4) show a
slight rise of safety factor with
rising Ly, b, and d,, values based
on ACI-02, in contrast with
proposed method (but large
scatter for ACI-02 versus much
less scatter for the proposed
method). In addition, the
proposed method gives
satisfactorily safe prediction.
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Future Research

The following suggestions
may be considered as an
extension of the present work:

1- Development length of top
bars in high strength concrete

529

(bars confined by transverse
reinforcement).

2- Investigating the local
bond stress-slip behaviour of
reinforcing bars embedded in
fiber in high strength concrete
beams.

References

1- ACI Commiftee 318,
“Building Code Require-
ments for  Reinforced
Concrete and Commentary
(ACI-318-02/ACI-318R-
02,” American Concrete
Institute, Detroit, ML, 2002.

2-  Zsutty, T., “Empirical
Study of Bar Development
Behaviour,” Journal of Civil
Engineering, ASCE, V.111,
No.l, Jan. 1985, PP. 205-
219,

3-  Qrangun, C.O., Jirsa, J.O,,
and Breen, IE.,, “The
Strength of Anchored Bars
-A Reevalution of Test Data
on Development Length and
Splices,” Research Report
No. 154-3F, Center for
Highway Research, The
University of Texas at
Austin, Jan. 1975, 78 PP.

4-  Kemp, E.L., and Wilhelm,
W.J., “ Investigation of the
Parameters Influencing
Bond  Cracking,” ACI
Journal, V.76, No. 1,
Jan.1979, PP, 47-72,



Eng. & Technology Vol 24, No. 5. 2005

5.

Darwin, D., McCabe, S.
L., Idum, EK, and
Schoenekase, S.Pe «
Development Length
Criteria; Bars Not Confined
by Transverse
Reinforcement,” ACI
Structural Journal, V.89, No.
6, Nov.-Dec.1992, PP.709-
720

Ferguson, P. M., and
Thompson, J. N, =
Development Length of
High Strength Reinforcing
Bars in Bond,” ACT Journal,
V. 59, No.7, July 1962, PP.
887-922.

Al-  Dabbous, ASM.,
“Development of
Reinforcement in  High
Strength  Concrete,” MS
Thesis, University  of
Technology, 1993, 122PP.

Mathey, R.G., and
Watestein, D., &
Investigation of Bond in
Beam and pullout specimens
with High Yield-Strength
Deformed  Bars,” ACI
Journal, V.57, No. 9, March
1961, PP. 1071-1050.

Hwang, S.J., Leu, Y.R,
and Hwang, H.L., “ Tensile
Bond Strengths of Deformed
Bars of  High-strength
Concrete,” ACI Structural
Journal, V.93, No.l, Jan.-
Feb. 1996, PP.11-20.

530



Eng. & Technology Vol. 24 No. 5, 2005

Notation
area  of  f{ransverse
reinforcement  crossing

min.

the potential plane of
splifting adjacent to a

single anchored
reinforcement, mm’
width of concrete
section, mm

the smaller of C. or C,,
clear bottom cover to
main reinforcement, mm
coefficient of variation
maximum value of C, or

Cp, mm

minimum value of C, or
Cy, mm

the smaller of one-half
the clear spacing
between bars plus 6.35 or
C,

is one-half the bar

diameter plus the smaller
of C, or one-half the
clear spacing between
the bars in the layer (S,
mm

clear cover measured
along the line through
the layer of bars, mm
diameter of anchored
bar, mm

Yield strength of transv-
erse reinforcement MPa

531

-

=

compressive strength of
concrete, MPa

development  (embed-

ment) length, mm

average bond stress, MPa

calculated average bond
stress, MPa
average bond stress in
tests, MPa

center to center spacing
of transverse reinforce-
ment, mm

clear spacing between
anchored bars, mm

numberof anchored bars

reinforcement  location

factor
coating factor

reinforcement size factor

light weight aggregate
congcrete factor

Mean value of
( wa/ Uf‘ﬂfﬂ)
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Table 1- Range of variables for the 60 tested heams.

f c: Ld H b s | d:‘va (4'.‘!: ] C-rxs U;esh
Detail | MPa mnt B ;l an mn mm MPa |
Low | 1641 | 140 | 1493 | 127 | 175 | 699 | 246
High 83.7 1§43 1 461.2 | 35.8 68.3 2218 14.52

Table 2- Statistical analysis of the ratio of (Upe/Ucur)-

i_
i . Kemp g
Detail | ACI-02 | Zsutty Uangym and Papvein |.Fropos e
[ < | el al . et. al. | equation
Wilhelm
x 162 | 113 | 122 | 1.06 | 1.12 1.21
Standard o . : : "
g 0.336 | 0258 | 0.248 | 0.229 | 0.232 0.164
deviation -
COV % | 20.74 | 2287 | 2029 | 21.59 | 20.77 13.56
Number<1] 0 | 22 13 27 2 | 6
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Figure (1): Influence of compressive strength of conerete £, on test

results.
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