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Unconfined concrete confined concrete
Good bond Other bond Good bond Other bond
condition conditions condition conditions
S1 (mm) 0.6 (S(Tbu,split)) 0.6 (S(Tbu,split)) 1 1 (1-8)
s2 (mm) 0.6 (s1) 0.6 (s1) 3(2) 3(3.6)
s3 (mm) 1(1.2s1) 2.5(1.2s)) clear rib spacing clear rib spacing
o 0.4 04 04 04
Timax (Mpa) 2J/f. 25f) VFe (1.257) 25\f 1.25./f,
T (Mpa) 0.157,,45 (0) 0.157,,45 (0) 0.4 0x 0.47T 00

Table 1. Parameters defining the bond stress slip figure for Fip90 and 2010- values in parentheses are for Fip2010 [10] [8]
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. Rebar existing
Sample Dim. . embeded
Confinement Diam.
ID (cm) (mm) length
(mm)
P20S-1  30x30x30 v 20 250
P22S-1  30x30x30 v 22 250
P22S-2  30x30x30 v 22 250
P25S-1  30x30x30 v 25 250
P25S-2  30x30x30 x 25 250
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Fig. 4. Test setup
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fy ld lext
db (MPa) fe wyt wye wys A (mm) (mm)

20 410 23 1 1 1 1 814 250
22 410 23 1 1 1 1 1106 250
25 410 23 1 1 11 1257 250

Table 3 required development length vs existing embeded

length
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Diam. Designation type hr Sr fy fu

(mm) (mm) (mm) (MPa) (MPa) ™™

20 S400 5 3 12 487 639 029

22 S400 E 32 132 451 624 031
=

25 S400 T 375 15 486 629 030

Table 4. specification of rebars
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Fig. 8. Side view of a deformed bar and its forces and reactions
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Fig. 10. Bond strength - slip diagram
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Fig. 11. Bond strength - slip diagram in maximum stress range
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Fig. 12. Bond strength - slip diagram for unconfined concrete
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Specimen  Th-max To-scaled  Error

No. Research D (test) f'c G aly) %
Bar diameter: 25 mm
shahrabi-
farahbod P25S-1 12.53 23 12.53 0%
2 1-1,1 13.71 294 12.13 3%
3 1-1,2 1326 294 11.73 6%
4 1-2 13.72 30.5 1191 5%
5 Elingausen 1-5,1 1326 30.5 11.51 8%
6 [1] 1-52 1493 30.5 1297 3%
7 4-1 18.01 546 11.69 7%
8 6-1 14.46 31 12.46 1%
9 2-AVG 1391 29.6 1226 2%
10 3-2 15.36 31.6 13.10 5%
Bar diameter: 20 mm
shahrabi-  poos 1 1376 23 1376 0%
farahbod
2 Bigaj P20-16-1 1531 27.6 1398 2%
3 [14]  P20-16-2 14.77 27.6 13.48 2%
Bar diameter: 16 mm
1 Bigaj Pl16-16-1 17.07 27.6 17.07 0%
2 [14]  Pl6-16-2 17.11 27.6 17.11 0%
3 Valcunde N-65-32 14.07 22.75 1549 9%
4 [7] N-55-32 18.92 33.76 17.11 0%

Table. 5. comparison of bond stress of different test based on
bar diameter and compressive strength of concrete
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1 P20S-1 13.76 23 12277 14.54 5%

2 P22S-1 13.14 23 14856 14.00 6%

3 P22S-2 13.39 23 14856 14.25 6%

4 P25S-1 12.53 23 19183 13.51 7%

Table 7. Bond strength in compression forces
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Abstract

The performance of steel rebars in reinforced concrete is always complicated and important. Each
reinforced concrete element contains two parts, including concrete and steel rebars. Under severe forces,
the behavior of reinforced concrete structures and their elements is dependent on the interaction between
steel and concrete. Due to the composite nature of these structures, their performance is complex and
might be studied in different aspects. Incorrect evaluation of this item will lead to the wrong design.
Although this performance affects all parts of a concrete structure, development length and lap splice are
the most significant parts. One of the common tests, in evaluating the steel reinforcing bars' performance,
is the pullout test, however, there are deficiencies in different investigations. In this research, five pullout
specimens were tested, containing four specimens with confined and one with unconfined concrete, which
had three different bar sizes including 20, 22, and 25 mm. Tests were conducted on 300 mm cube
specimens and 250 mm development length of steel rebars which was insufficient. Rebars with sufficient
development length have a different performance. The testing method was monotonic and the compressive
strength of concrete was 23 MPa. Normally two cracking and damaging mechanism is observed. It is
pullout of rebar or splitting of concrete. In confined concrete pullout occurs, while in an unconfined
specimen, splitting of the concrete takes place so the bonding strength and axial force tend to zero much
faster. Using these results and results from other researches, some important parameters in the field of
bonding and slippage of rebars, including compressive strength of concrete, rebar size, force direction
(pulling or pushing), and confinement of concrete were investigated and some equations with high
accuracy were proposed to generalize available results to desired results. For verifying and increasing the
range of results, three valid kinds of research are used, which confirm the accuracy of results and equations.
This study showed that the bonding strength would increase 20 percent by 50 percent increase in
compressive strength of concrete. Moreover, by changing the bar diameter from 20 to 22 and 25 mm, for
a constant compressive strength of concrete, bonding strength decreases 4.3 and 10.6 percent respectively.
By using the proposed equation, maximum bond strength for different bar sizes may be evaluated. Besides,
maximum bond strength is reduced up to 40 percent of a confined specimen, and the slippage
corresponding to maximum bond strength is reduced 15 to 30 percent as the result of using unconfined
concrete. In the same way, for the same bar diameter, pullout force reduced up to 40 percent. The slippage
corresponded to maximum bonding strength is about 1.4 to 2 mm for confined concrete and 0.25 to 0.45
mm for unconfined concrete. Bond strength and slippage of rebars vary in compressive and pulling forces.
This is due to the axial behavior of the rebar's head in compression. The compressive axial force of the bar
may increase the bonding strength up to 10 percent, comparing to pulling axial force.

Keyword: bonding of concrete to bar, slippage of bars, confined concrete, bonding strength vs slippage
diagram
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