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1. Friction-Transfer
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Fig. 1. Sieve Analysis of Fine Aggregates.
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ig. 2. Friction-transfer method.
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Fig. 3. Pull-off method.
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Fig. 7. Tensile bond strength.

A orsbg Ol el 035530 S s sdalia S
e (S 5 (B Sk Saslie (B el
5 Sl Jlml" ol 5l ol Vg (g e
s S Sl e sy e e 5l 0028
© S ek Lol Ol lacdle Sadmexr ialS
ol on U slse sz W e 5 Jseme glacdle
by 255 Sen polal (A) JSo 5o ol il ¢ 53
sl 0 0315 OLEI SBR (g sl e 4

Sy ool ol esls 0L (A) IS5 55 a5 4 S 0lea
LS 5 Od a5 Eely SalS &M il 53 SBR el
el 03 ga5 6 S ke 0T G 52 e 5l 5 el

SBR (sla jody kb o311 w555 ¢ 5385 (om0 5 skae &
ol ("ff):“‘:"’ 5 S eIl ceslinal 5550 OO s
Origin s Image ] Lgl.a)l)élpj Lo g 54 ol &5
il 0l 0313 OLES () Ko 53 S 5 0 el

o ool sdalie LB Q) ISE S &S &S0k
035 g s /) dade 53 ey Jlad oIl ST sl
ol ol Jels bl bl () Jsas s o

el oal (5 So51ul

AA

e B S Saslie Rl s e s LB
"S8hsl JEl" el 5l Jols @5V s 5 (G e
Jisl" 0gesl 5l Jools by (S Caslie 5l
N G 03 (5 et 3 S gone (S rend SO (g SIS
o JSLL Y g AN /) Ll 5, A 8
L odd ool Glacdle 5l 45 S0 53 ol skel i
Al S e i 53 (P (S S sle e
SOV 035 53] .l 0l SIS Y/EAY 5 Y/Y0N M /EEA
gt S K e glie il 331 Eoly (6 jmand 5 4 SBR
35080 S YV i 5 Sl Jsl" el 5l Lol

ol 0 Loy ACA VAl E) \VA/Y &8V J"J‘ g_,\:SJS “

g (S iy gl N S5

3
g
S 25
Ny
W 2
c
(0]
515
©
& 1
fo)
I |
Ny
wv

0

7 42 90
Time (Day)
B sere OO .Muus‘ic)@l Gy’

Fig. 6. Shear bond strength.
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Fig. 10. Dry shrinkage.
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7 days | 42days | 90 days
0% SBR 8.6 9.71 10.11
10% SBR 10.51 12.02 12.55
15% SBR 11.92 13.52 14.19
20% SBR 12.46 14.54 15.2

7 days 42 days 90 days
0% SBR 34.1 51.2 54.4
10% SBR 25.6 38.8 42.2
15% SBR 23.8 37.6 40.8
20% SBR 22.8 36.1 39.2

Table. 2. Compressive strength.
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Fig. 11. Compressive strength-friction transfer (MPa).
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Table. 3. Flexural strength.
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Fig. 13. Compressive strength-pull off (MPa).
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Fig. 12. Flexural strength-friction transfer (MPa).
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Abstract

Today, the use of different kinds of polymer, as the modifier of some repair mortars properties, is growing.
Given the damages to concrete structures, it is necessary to use appropriate repair layers. In concrete structures,
concrete and steel are connected, and in most cases, repair layers are applied in direct connections with steel.
Therefore, in this research, the shear and tensile bond strength between steel and styrene-butadiene rubber
polymer modified mortars was measured using semi-destructive friction-transfer and pull-off tests. In the
"pull-off" test, to determine the bond between the mortar and the steel, a core with a 50mm diameter and is
first mounted on the test surface using a diamond drill bit and a metal cylinder with a diameter of 50 mm and
a thickness of 20 mm is attached to the partial core. Then, the tensile force is applied to the cylinder by means
of a "pull-off" device to make the partial core fail. To measure adhesion with friction transfer method, first a
small core was created from the mortar surface to the steel substrate surface using the coring machine.
Thereafter, the friction transfer metal device was fixed onto the core and the torsional moment was applied
using a typical torque wrench in order to cause failure in the core. Moreover, the effect of polymer on the
shrinkage of mortar was evaluated. Shrinkage is one of the important problems that negatively affects the
adhesion of repair mortar and steel. Due to the fact that hydrated cement paste has capillary pores that contain
some water, shrinkage occurs after this moisture leaves the pores. The effect of polymer on mortars was
investigated by taking images with a scanning electron microscope and using the “Image-J” and “Origin”
software programs. Afterward, in order to evaluate the mechanical properties of mortars, the in-situ
compressive and flexural strengths of the mortars were determined, and the calibration curves were plotted by
comparing them with standard laboratory tests. Then, relationships were proposed to convert the results of in-
situ tests to the compressive and flexural strength of the polymer modified mortars. Eventually, the cracks and
stresses that appeared in the mortars were provided using ABAQUS software. The obtained results indicated
the effect of polymer in reducing the shrinkage of mortars and increasing the shear and tensile bond strength
between steel and mortar, along with a high correlation coefficient between the measurements in the in-situ
and laboratory tests. Comparing the modified mortars with polymer and ordinary mortar, it is observed that at
the age of 90 days, adding 10, 15 and 20% of SBR reduced the amount of shrinkage to 35.3%, 4.2% and
45.4%, respectively. Addition of styrene butadiene rubber to the repair mortar increased the shear bond
strength obtained from the "friction transfer" test between the mortar and steel at the ages of 7, 42 and 90 days
by 44.4, 178.2 and 303.1%, respectively. Adding SBR to the repair mortar increased the tensile strength of the
"pull-off" test between the mortar and the steel at the ages of 7, 42 and 90 days by 58.7, 183.4 and 291.2%,
respectively. A good agreement was also observed between the numerical and experimental results.

Keywords: SBR, Mortar, Steel, ABAQUS, Friction transfer, Pull-off.
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