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Bonding Properties of Steel-reinforced Polymer Cement Mortar Evaluated by
Pull-off Test and FEM Modeling
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Abstract

Chloride attack to reinforced concrete structures located in seaside can cause a serious problem of durability and
maintenance during the service life. Corrosion of reinforced steel bars in concrete decreases the bond strength and
finally causes the detachment of concrete cover. Polymer cement mortar is usually adopted to repair the deteriorated
RC structures because of its strong bonding property. The recovered load-carrying capacity after the repair was
simulated by non-linear FEM analysis. The properties of concrete, repairing materials, bonding materials and reinforced
bar were used as input data. Four types of redispersible polymer powders were used as components of polymer cement
mortar. Pull-off tests were carried out to examine the bond properties such as rigidity and strength. Effects of a
corrosion inhibitor and the loss of reinforced bars due to the corrosion were also considered in this study. FEM
modeling and analysis were conducted to propose the universal model. Physical bonding in the relationship between
repair materials and steel reinforced bar is more dominant than chemical bonding.
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Table 1. Mix design of polymer cement mortar
Polymer

Fine
cement o Wate, Cement Deformer
ratio W/C(%] (kg/mg) (ka/ mg) a%g r/er%%te (g/ mrp)
(%) g
0 0
5 30532
10 50 43.38 650.63 1,951.89 65063
20 1,301.26

Table 2. Properties of redispersible polymer powder

Apparent density(mg/l) MFT(C) Tg(C)
VVA 040+ 0.10 0 14
EVA 0.35+0.10 10 45
PAE 0.35+0.10 32 9
CPAE 0.35+0.10 0 9

Table 3. Property of steel bar
Type of steel  Yield strepgth ;?;r%g] Egzﬂﬂg
bar (N/mm ) (N/mm ) (kN/mm )
D19/D16

019/016 368 544 193

Table 4. Components and mix in Series 1

Redispersible Polymer cement
Type of steel bar polymer type ratio(%)
VWA, EVA, PAE,
D19 CPAE 0,5,10,20

Table 5. Components and mix in Series 2

Components Type
Steel bar D19, D16, @16
P/C 0%, EVA 10%

Corrosion inhibitor none, PCP, corrosion Inhibitor
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Figure 1. Preparation of test specimens
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Table 5. Detailed information of Series 2 and experiment
test steel

number bar P/C corrosion inhibitor corrosion
test 1 D16 EVA10% none none
test 2 D16 EVA10% none none
test 3 D19 EVA10% none none
test 4 D19 EVA10% PCP none
test 5 D19 EVA10% PCP exist
o commercial
test 6 D19 EVA10% corrosion inhibitor none
test 7 D19 EVA10% none exist
spiral reinfrocement specimen (repair mortar)
steel bar 150 %’7%9
~ -~ Tie_] %15
A \ T .
\ | 120 bond free condition

/J Aha

spherical hew‘ " rubber D
[

strain gauge

. =

univesal tester

AN /

\
load cell

=

displacement gauge

|
_'\019 deformed reinforcing bar

Figure 2. Pull-off test set—-up
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Figure 4. Compressive and tensile strengths of PCM
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Figure 5. Elasticity modulus and Poisson’s ratio of PCM
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Figure 6. The results of pull-off test
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Table 6. Bond elasticity and strength produced by FEM analysis

bond elasticity

bond strength

polymer content (%)

VVA EVA PAE CPAE VVA EVA PAE CPAE
0 49 12.5
5 53 43 48 42 1.3 10.5 119 10.4
10 40 59 62 44 10.6 12.5 13.6 125
20 51 33 27 31 1.6 11.4 12.0 11.6
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Series 1
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