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1-Abstract -

The abjective of this research is to study the effect of different types-of coarse
aggregates on the relative bond-slip behavior of coated and uncoated reinforeing
bars. It is known that the application of coating to the surface of a reinforcing bar will
decrease fhe bond capacity by preventing - adhesion between the bar and the
surrounding concrate, but our interest is to study this decreasing in bond strenigth with
different types of coarse aggregates, concrete strength, and the surface condition and
the diameter of reinforcing bars. Epoxy paint coating is applied to the bar to a
thickness of around 0.2 mm. Two grades of concrete strength are used. Two types of
surface condition of reinforcing bars are considered, the first is smooth surface bars
with fy of 24 kg/mm’, the second is deformed surface bars with fy of 36 kg/mm?. The
diameters of bars used in this research are 10, 13, and 16 mm. The bars are tested in

30 cm height and 15 cm diameter concrete cylinder using push in test.

The results include the bond strength and bond-slip behavior of specimens.
The effect of' the considered parameters on bond strength is discussed, and
@ comparison between the performance of coated and uncoated bars is included,
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2- Introduction and Background

The theory of reinforced concrete is based on stress transfer between the
reinforced steel bars and the surrounding concrete. This transfer of load or stress is
made possible by the resistance to relative motion or slippage between the concrete
and the surface of the embedded steel bar. The resistance to slippage is known as
bond or bond stress.

The use of epoxy coated bars has been steadily increasing as designers utilize bars
to reduce or eliminate problems with structures in corrosive environments. However,
surface texture of the coating is smoother than the mill-scale finish of ordinary
reinforcement, and alters bond behavior of the bar.

Many studied has been reported the effect of the mostimportant factors on bond
behavior. Little attention has been paid tc the influence of the type of coarse
aggregate  using in concrete surrounding reinforced bars. This is likely to be an
important factor on friction between steel and concrete alang the face of the bar which
plays an important role in developing bond strength

3- Experimental Program

in the experimental program, 216 pushin specimens were tested i twelve
series, according to the type of coarse aggregates used. concrete compressive
strength, and where the reinforcing bar coated with epoxy paint or not. In each series
the variables were the surface condition of reinforcing bar. and its diameter The
detail of experimental program is shown in table (1) The concrete specimens tested
were cylinders with 15 cm diameter by 30 cm long. The test result was. the averaga of
the testing three specimens. The concrete compressive strength of each series were
determined by testing three cubes (15 x 15x15cm) Fig.(1) shows same of the
tested specimens .

4- Material used

Coarse aggreqate
All the coarse aggregate used (gravel. basait, hard crushed limastone
(dolomite) were free harmfu! chemicals, and with nominal maximum size 20 mm  The
grading of gravel was complying with the Egyptian standard. The size of the crushzd
limestone and bazalt was ranging between 10 mm and 20 min.
Fine aggreqate
The fine aggregate used was siliceous sand. It was free from harmful materials to
concrete. The grading of sand was complying with the Egyptian standards.
Cement
Ordmary Portland cement was used. All the properties of the cement used within
the specifications
reinforcing_bar
Normal mild and high grade steei bars with yield strength 27 and 3.8 yem’
respectively were used
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‘5. Concreta mix

Each type of coarse aggregate " has two different ‘mixes of concrete
compressive strength 250 and 350 Kgicm?. The difference between two mixes was in
the cement content, which was 350, 400 Kg per cubic meter of concrete. The water

cement ratios were diflerent. The fing agg'egate to the coarse aggregate ratio was
one o twe .

8- Test setup and measurement

The pushin test was applied using a hydraulic testing machine of 200 ton
capacity. The slip of reinforcing bars was measured using dial gauge. The dial gauge
was fixed in a stee! arm and touzh the reinforcing bar on a point.

7- Test results 2nd Discussion

The test results included, the ultimate !sad of band tests, the bond strength,
and the ioad slip curves. The results showed the effect of : coarse aggregate type,
coating and uncoating of steel bars, steel bars surface and diameter, and concrete
compressive  strength on bond between concrete and steel bars. In the following
paragraphs the test results will be explained and discussed.

7-1 Effect of coarse aggreqats tyne on ultimate bond load

Tables (2,3) show ihe ultimate bond 'oad for concrete compressive  strength
{f..) equal to 250 Kgicm‘ and 350 Kg/cm® raspectively . From table (2) and figs. (2,3)
i i3 noticed that the witimate load bond for concrete made by dolomite aggregate are
nighsr  than similar ullimate bond load for concrete made by gravel and bazalt. For
speciimens made with ribbed bars (High grade steel bars) ths ultimate bond load for
concrete  (f, = 250 Kgfcm® ) made by using dolomite aggregate is higher by about
12% and 14% than those  made by using gravel and bazalt respectively. For
specimens made with smocth bars (Normal mild steel bars) the above ratios became
24% and 12% respectively. The above ratics showed that the bond bstween
concrete  made by using gravel and smoath bars is much Jower. That'can be rsfereed
to the smooth surface . of both gravel and steel bars . Table (3) and figs (4, 5) are
similar o table (2) and figs. (2,3) but they are for concrete compressive strength (f.,)
equal to 350 Kgicm instead of 254 Kgicm The relations fromtable (2) and figs.
(2,3) could be confirmed by results in izble (3) and f.g= (4,5) as' follows. The
uitimate - bond  16ad betwesn concrete {f., = 350 Kg/cm ) made- by using dolomcte
aggregate and ribbed bars are hignsr b; about 13% and 15 % 'than those made by
using gravel-and bazalt respectively. ' For smooth - bars the above ratios became
23.5 % and 11% respectively. e - AN

7-2 Effect of surface condition of steel bars on ultimate bond lead - PR
it can be noticed from tables (2 3) and figs. (2,3.4,5) that the ultlmqte bond
load between concrate and ribbed bars is higher than that ones ‘between concrete
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and smooth bars. The ratio between ultimate bond load for concrete {f. =250
Kg/lem® ) made by using dolomite aggregate with ribbed bars and that with smooth
bars is 1.31. This ratio is 1.45 and 1.29 for concrete made by using gravel, and bazalt
respectively, despite the smaller of the actual bar diameter of ribbed bars than the
similar ones of smooth bars. The above ratios for concrete with compressive strength
(f.) equal to 350 Kg/cm® became 1.33, 1.46, and 1.31 for concrete made by using
dolomite, gravel, and bazalt respectively . From the results in tables (4,5), the
ratios between the bond strength for concrete (f., = 250 Kg/cm? ) with ribbed bars
and those for toncrete with smooth bars are 1.425, 1.55, and 1.368 for concrete made
by using dolomite, gravel, and bazalt respectively . For concrete with compressive
strength  (f..) equal to 350 Kg/cm® . The above ratios became 1.42, 1.506, and 1.366
respectively. It is noticed that these above six ratios for bond strength are higher than
the similar ones for ultimate bond load because of the canceling of the effect of
difference in bar diameters between ribbed bars and smooth bars.

7-3 Effect of coating and uncoating of steel bars on ultimate bond load:

Figs.(6,7,8,9) show a decrease in ultimate bond load due to the effect of
coating. The decrease in ultimate bond load for specimens with ribbed bars due to
coating of bars by epoxy resien( for concrete with f., equal to 250 Kg™ ) are 6.5
%, 4.5 %, and 4.8% for concrete made by using dolomite, gravel, and bazait
respectively . for smooth bars the decrease in ultimate bond load due to coating
became more than the ratios mentioned before The decreasing ratios in case
of smooth bars are 12%,9%, and 12.3% for concrete made with dolomite, gravel, and
bazalt respectively . For concrete compressive strength (f.,) equal to 350 Kg/cm? the
decreasing ratios in ultimate bond lead due to coating bars are approximately similar
to those ones for concrete compressive strength equal to 250 Kg/em? . For ribbed
bars the decreasing ratios are 5.7%, 2 %, and 3.8 % for concrete (f., = 350 Kg/cm®)
made by using dolomite, gravel, and bazalt. For smooth bars the decreasing ratios
are 10.6 %-8.6 %, and 11.6 % for dotomite, gravel. and bazalt .

7-4 Effect of concrete compressive strenqth (f.,) on bond strength

As expected, the increase in concrete compressive strength (f.,) cause an
increase in bond strength for all tested specimens as shown in tables (4,5) and figs.
(10,11) . The increase in concrete compressive strength (f.,) from 250 Kg/cm? to 350
Kglem® i.e. by about 40% cause an increase in bond strength, for concrete with ribbed
.bars, equal to 19 %, 21%, and 17.3 % for concrete made by using dolomite, gravel,
and bazalt respectively . For concrete with smooth bars the above ratios became
16.7 %, 21 %, and 20.8 % . This means that an increase in concrete compressive
strength | (f..) by 40 % cause an average increase in bond strength equal to 19.3 %
for all types of specimens .

7-5 Load-slip relations : .
’ * Load-slip relation are "plotted.in curves Figs. (12,13, 14) show the load-siip
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curvas for different types of coarse aggregates. For all types of concrete aggregates,
it can be noticed from these - figs. that, at the'same load leve, the slip decreases
with the increase of bar  diameter for the same type of steel . Also the slip for
smooth  bars is higher than the similar ones for ribbed bars. . The figs. show aiso
that the rate of excess in slip increases with the increase of load level. The same
relations are founded for coated bars. Figs. (15,16,17) are examples for showing
the effect of coaling sieel bars on tha load-slip relations. Tha figs. show that the slip
for coated bars is higher than the similar ones for uncoated bars at the same load
leve! . This is due to the decreasing of bond between concrete and steel bars due to
ihe presence of coating. The  curves for concrete made by using bazalt aggregate
are not plotted in figs. {15,16,17) becauss they are generaily similar to the curves for
concrete  with gravei aggregates. The load-slip curves for smooth bars for coated
and uncoated bars are similar to those in figs.(15,16,17) for ribbed bars but of
course with higher values of slip.

8- Conclusion -

Based on the experimeritai results and for types of concrete, steel, and coating

used, the following coriclusions could be suggested :

- The bond loads, for concrete (f., =250 Kg/cm? ) with dolorite aggregate,
and for ribbed bars, are higher thanthose with gravel and bazalt by 12 %
and 14 % respectiveiy for smooth bars the above ratios sre 24 % and 12%.

- The caa*ng for ribbed bars with epoxy resien for  concrete (f., =250
Kglern® & with dolomite, gravel, and bazalt causes aloss in bond by 6.5 %,
45 %, and 4.8 % respeclively. For smooth bars the above ratios are 12 %,
9 %, and 12.3 %.

- The use of ribbed bars instead of smooth bars causes an increase in bond
strength . For concrete {f., = 250 Kgicm® ) the ratios of excess in bond
strength for concrete with dslomate gravel and bazalt are 42.5 %, 55 %,
and 36.8 % respectively.

- The variation of concrete compressive strength from f., = 250 Kglem® to
f..= 350 Kglem® = i.e. mcreasmg fe.. by 40 % cause an average increase in
bond strength by 19.3 % .

-, The coating of steel bars by epoxy res:en causes an mcrease in slip

' between concrete and stes! bars ) \ L |
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Table (1) Experimental Pragram

- r __ E Nominat [ {
Series | Coasrse | coating | fe. bar | Surface
. - aggregate L; kglem® | diameter | comdtion
" f Ay '
A ~ Dolamite |[coated |}
8 \ | uncoated! |
H Gravel | coated! 250 i
o)  uncoated | P Smooth
M Bazalt |coated || |
N |urcoated! | 08713816 &
G | Dolomite | coated .
L | uncaated: , Ribbed
B Gravel |coated | 350
K uncoated! | :
C Bazait |[coated |
E ‘uncoated | ]

actual bar diameters are 10, 12.25, 16 mm for smootts hars (NS
and 10 11.3, 15 mm for ribbed bars (H.G.S);

Table (2) Ultimate load (tan) of Bond tests for specimmes with
' concrete compressive strength (f.,), emaistBZSﬁkgtun’

-meinal bar

| ‘
100HGS | 693 | 682 | 634 | @8 | 75 | 721
10ONMS. | 546 | 468 | 488 | 430 | 600 | 53
136HGS | 830 | 782 | 845 | @10 | 971 | &73
13oNMS. | 648 | 550 [ 573 | 528 | 714 | 657
1686HGS. | 963 | 933 | 10.16

370 } 1178 | 1130
16ONMS. | 863 | 787 | 756

705 | 988 | 824
H.G.S : High grade steel ( ribbed surface) -
N.M.S : Normal mild steel { smooti: sulface)
* Coated
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Tab!s (3) Uitamate Ioad (ton) of Bond tests for specsmnes wﬂh
concrete compressive strength (f..) equal to 350 kgfcm?

N omi‘n al bar Bazalt‘ ‘ Gravel Dolomite "
Ultimae bgnd Load P, (ton)
diarmetter (mm) [ ¢ cr K o L G
100HGS. | 795 | 7.85 | 821 | 808 | 942 | 9.28
100NMS. | 642 | 552 558 | 493 | 7503 | 6.32
13OHGS | 1027 | 9.42 | 9845 | 9626 | 11.27 | 10.213
136 NMS. | 7.53 | 651 | 676 | 6246 | 8265 | 7.57
160 HG.S. | 1121 | 11.015 | 11.625 | 11.336 | 13.617 | 12.83
16ONMS | 1019 | 9455 | 905 | 846 | 1068 | 9746

HGS: High grade steel ( ribbed surface)
N.M.§ : Morma! mild steel { smooth surface)

* Coated

Table (4) Bond

strength (kg/cm?) for specimnes with concrete
compressive strength {f.,) equal to 250 kg/cm2

Norinal bar Bazalt Gravel Dolomite
Ultimae bond Strength fu, (kglcm?) - -
digmetier (mm) | M 0 H® B A*
100HGS. | 724 | 736 | 721 | 721 | 805 | 765
1CONMS. | 557 | 478 | 498 | 439 | 612 | 55
130HGS. | 779 | 735 | 794 | 762 | 912 | 82
13ONMS | 56.1° | 483 | 496 | 457 | 618 | 569
160HGS | 681 | 66 | 718 | 685 | 833 | 797
16ONMS. | 57.2 | 521 | 501 | 467 | €55 | 546 |

. actual bar diameters are 10,12.25, 16 mm for smooth bars (N.M.S )
and 10, 11.3, 15 mm for ribbed bars (H.G. S)
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Table (5) Bond strength (kglcmz) for specimnes with concrete
irength (f.,) equal 1o 350 kglem?

compressive s

Nominal bar Bazalt Gravel Dolomite
Ultmas bond Strength fy, (kg/cm’)

diametter (mum} E ce K D® L G*
100 H.G.S. | 844 83.3 87.1 85.8 99.9 98.3
100 N.M.S. 65.5 56.3 56.9 50.3 76.5 64.5
130 H.G.S 96.4 88.5 92.5 80.4 1058 | 959
130 N.M.S 65.2 56.4 58.6 541 71.6 66.4
16p H.G.S 79.3 77.9 82.2 80.2 96.3 80.8
160 NM.S 67.6 62.7 60.0 56.1 70.8 64.6

actual bar aia

and 10, 11.23 15 mm for ri

* Coated

meters are 10,12.25, 16 mm for smooth bars (N.M.S )

poed bars (H.G.S)

Fig.(1) some of ine tested specimens .
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