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Adhesive Properties of High Flowable SBR—-modified Mortar for Concrete Patching Material
Dependent on Surface Water Ratio of Concrete Substrate
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Abstract

This study investigated the effect of surface water on concrete substrate on adhesive strength in tension of very high flowable
SBR-modified cement mortar. The specimens were prepared with proportionally mixing SBR latex, ordinary portland cement, silica
sand, superplasticizer and viscosity enhancing agent. Polymer cement ratio (P/C) were 10, 20, 30, 50 and 75% and the weight ratio
of fine aggregate to cement were 1:1 and 1:3. The specimens obtained with different P/C and C:F were characterized by unit
weight, flow test, crack resistance and adhesion test. After basic tests, two mixtures of P/C=20% and 30% in case of C:F=1:1, and
one mixture of P/C=50% in case of C:F=1:3 were selected, respectively. These three selected specimens were studied about the
effect of surface water evenly sprayed on concrete substrate by a amount of 0, 0.006, 0.012, 0.017, 0.024g per unit area (cm’) of
concrete substrate surface The results show that surface water on concrete substrate increases the adhesive strength in tension of
high flowable SBR-modified cement mortar and improve the flowability compared to the non-sprayed case.
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Fig. 1 Study procedures and experimental plan
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Table 1 Physical characteristics of cement used.

. ) ) Setting time Compressive strength (MPa)
Density Fineness (cm’/g) — - -
Initial set (min.) Final set (hr.) 3 days 7 days 28 days
3.15 3300 240 7:00 20 23 38
Table 2 Chemical components of ordinary Portland cement. (unit: %)
SiOz Alzo;; Ca0 MgO SO.’; Kzo NagO Fean
21.09 4.84 63.85 3.32 3.09 1.13 0.29 2.39
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Table 3 Physical properties of fine aggregate
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Fig. 2 Size of fine aggregate

Max.size (mm) Specific gravity (201C)

Water absorption (%) Solid volume percentage (%)
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0.4 58.1
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Table 4 Properties of SBR for cement modifier

Properties Density pH Viscosity (mPa *s) Total solid (%)
Types
SBR 1.02 7.8 82 48.3
Table 5 Properties of chemical admixture
Properties pH Viscosity (mPa - s) Total solid (%)
Types
Superplasticizer 10.0 90 48.3
Viscosity agent 8.0 200 44.9

Table 6 Mix design of concrete substrate

W/C (%) Sla (%)

Unit weight (kg/m’)

Water

Cement Fine aggregate Coarse aggregate

53 44 212.8

395.6 779.7 981.1
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Table 7 Mix design of High flowable SBR—modified cement mortar

Mix design for measurement of basic properties of high flowable SBR—modified cement mortar

Mixtures selected for

CF PIC (wi%)™ Super(‘p;fl;t)icizer Visco(iif[éj )agent WC @) surface water ratio test
10 2.0 N/A 31.2
20 2.0 N/A 26.8 Selected
111 30 2.0 N/A 32.6 Selected
50 N/A 0.08 54.3
75 N/A 0.1 81.5
10 2.0 N/A 98.8
20 2.0 N/A 84.0
1:3 30 2.0 N/A 66.0
50 2.0 N/A 60.2 Selected
75 N/A N/A 81.5

Notes : ‘CF indicates the ratio between cement and fine aggregate by weight.
“P/C indicates the percentage between SBR solid and cement by weight.

“W/C indicates the weight ratio of the total water to cement and total water is the sum of the water in SBR latex and added water into mixtures for

satisfying the target flow of 200mm.

Apperarance
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Fig. 3 Surface condition of substrate with change to surface water
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Table 8 Flow test result on glass and concrete substrates

Flow value (mm)

CF P/C On concrete substrate
Tl | O

Surface water () per 1 cm® concrete substrate
0 0.006 0.011 0.017 0.022

glass

20 205 115 201 225 230 231
11 30 198 157 195 2125 224 229
50 195 168 190 202 204 208

s _y——1
ol A

T
-10 0.000 0012 0018 oo
20 -] Surface Water(g/an?)

Raative ratiocf Aon(%)
8
|

Fig. 4 Relative ratio of Flow dependent on Surface water.
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Table 9 Failure mode in tensile adhesion

Appearance Result Appearance Result
Crack: No Crack: No
| | Segregation Segregation
: No : No
Surface Water Surface Water
CS=1:1 (e/end) 0.006 (e/end) 0.012
P/C=20 Crack: No Crack: No
Segregation Segregation
: No : No
Surf(agc/im\iz&;ater 0017 Surf(agj:m‘}%ater 0024
Crack: No = Crack: No
Segregation Segregation
: No : No
Surface Water Surface Water
C:S=1:1 (g/emd) 0.006 (e/end) 0.012
P/C=30 Crack: No Crack: No
Segregation | | | Segregation
: No : No
Surface Water Surface Water
(g/cmz) 0.017 (g/cm?) 0024
: Crack: No Crack: No
Segregation Segregation
: No : No
Surface Water Surface Water
C:S=1:3 (g/emd) 0.006 (e/end) 0.012
P/C=50 Crack: No Crack: No
Segregation Segregation
: No : No
Surface Water Surface Water
(g/em®) 0.017 (g/cm?) 0024

Fig. 5 Crack resistance and segregation of high flowable
SBR—modified cement mortar dependent on various
surface water.

CF PIC @) Curing age=7days Curing age=50days
Surface Water (g/em?)=0 | 0.006 0.012 0.017 0.024 | Surface Water (g/em®=0 | 0.006 0.012 0.017 0.024
. 20 It St S St It It St St St St
H 30 2 S S S I I S St S S
1:3 50 It St M M Me It St Ir Me Me
Notes : M, Ir and S indicate the failure in the specimen, the failure in the interface, and the failure in the substrate, respectively.
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Notes,

Mensie=tensile strength of specimen
lanesive=adhesive strength of the interface between
SBR-modified cement mortar and concrete
Stensie=tensile strength of concrete substrate

1- If Mlensile > Iadhesive and Slensile,
adhesion in tension depends on either lgnesive OF
Stensile- HeNce, If lagnesive > Stensile; @dhesion in tension
certainly depends on Siensile-
Otherwise, adhesion in tension certainly
depends on laghesive, NAaMely, which can be called pure
adhesion in tension .

2- If Mlensile < Iadhesive and Slensile,
adhesion in tension certainly depends on Mgnsike-

<

1. If Mf occurs, Miensile is less or no more than the pure
adhesion.

2. If I; oceurs, lagnesive is the pure adhesion in tension.
3. If Sy occurs, the pure adhesion exceeds Mignsie-

Fig. 6 Schematic diagram for fracture mode by bond failure
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and adhesive strength of high flowable SBR—modified cement mortar with various surface
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