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1. INTRODUCTION 
Whenever two concrete layers are cast to each other at different times, the interface 

between them forms a weak link that can govern the overall strength of the composite 
system. Therefore, main purpose of the concrete-to-concrete interface is to ensure 
monolithic behavior of the structural elements.  

When there is no reinforcement crossing the interface, the main contributors to 
interface shear strength are adhesion and friction. This seemingly straightforward 
behavior is in fact rather complex, since it depends on number of mutually connected and 
affecting factors. In majority of the design codes, interface strength is governed only by 
lower concrete tensile strength and surface preparation method. But many other variables 
can significantly affect the interface between two concrete parts cast at different times, 
like for example differential stiffness, creep, shrinkage, fatigue or thermal load. 

2. OBJECTIVES AND RESEARCH SIGNIFICANCE 
Significance of the research presented in this thesis, including both experimental 

program and theoretical discussion, lays in overcoming some of major disadvantages of 
design code principles and allow the designers increased control and broaden its 
perception of the concrete-to-concrete interface. 

Based on the need for characterization and the gaps in knowledge connected with 
interface behavior, three main objectives of this thesis have been defined as follows: 
- To find the most stable and suitable roughness parameters for characterization of the 

concrete interface roughness. 
- To investigate different test setups, evaluate its efficiency and present the most suitable 

solutions for assessment of the interface strength. 
- To modify and extend the fib Model Code [1] brittle interface design approach, by 

including overlay concrete properties and collateral effects of surface preparation. 
In order to achieve abovementioned objectives, extensive experimental investigation 

was performed and rectified with numerical analysis using nonlinear FEM based software 
ATENA Červenka [2].  

Furthermore, algorithm for evaluation of the surface roughness was developed in 
MatLab, including form removal, data filtering and calculation of areal and profile 
roughness parameters according to valid international standards [3; 4]. 

2.1. STABILITY OF ROUGHNESS PARAMETERS 
Roughness of the substrate concrete surface is characterized using either qualitative or 

quantitative methods. One of the semi-quantitative methods commonly used in the past 
is the sand patch test. While mentioned method has significant limitations, comparison 
between mean texture depth MTD (roughness parameter obtained by this sand patch test) 
and other roughness parameters is necessary for better comparison of the results and its 
incorporation as one of the roughness parameters for characterization of the surface 
roughness. For that reason, extensive experimental study was performed, aiming to allow 
abovementioned comparison and indicate main advantages and disadvantages of mainly 
used quantitative methods. 
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While usually surface roughness is directly correlated with the interface strength by 
means of experimental investigation, different approach has been hereby chosen. Stability 
of the roughness parameters has been evaluated, with the most stable parameters being 
the ones least affected by the method used for the acquiring of roughness profile, number 
of measurements and data filtering using one of the commonly applied filters and 
moreover, its suitability for both profile and areal approaches. Hence, the most stable 
parameters were defined, with the suggestions for its further use.  

Finally, the suggestions regarding standardized methodology and use of the most 
stable parameters in surface roughness characterization should lead to better comparison 
of the results available in literature, better correlation between surface roughness and 
interface strength and finally, adaptation of more complex but less conservative design 
approach. 

2.2. SUITABILITY OF DIFFERENT TEST SETUPS 
Wide range of test setups have been developed over the years, aiming to induce 

different stress state at the interface, either pure tension and shear combined with 
compressive stress acting perpendicular to the interface, or simply tending to present 
stress state in structural applications. Also, the need for assessment of the interface 
strength on only in laboratory conditions, but also on-site, can be rather limiting, when 
choosing of appropriate test method is concerned.  

Aiming to allow mutual comparison and to thoroughly investigate mainly used test 
setups, extensive experimental study has been performed and hereby presented. Based on 
the experimentally obtained results [5], the most suitable tests for characterization of 
concrete-to-concrete interface strength were proposed. Moreover, behavior of the 
commonly used rough surface referred to as “dimpled”, has been evaluated including not 
only failure envelope but also detailed characterization of its roughness. 

2.3. MODIFICATION OF THE fib MODEL CODE BRITTLE 
INTERFACE DESIGN APPROACH 

As it was already stated, characteristics of the bond between hardened substrate 
concrete layer and additionally cast overlay depend on many affecting parameters. While 
properties of substrate concrete are not negligible, near surface layer properties affected 
by the overlay properties can greatly influence resulting strength of the interface.  

While some of the parameters affecting strength of the interface have been thoroughly 
researched in the past, others like for example collateral effects of surface preparation and 
overlay properties including use of light-weight aggregate concrete have to be further 
researched and incorporated in design.  

Aggressive surface preparation methods can cause microcracking, resulting into much 
lower values of interface strength. That is the reason why collateral effects of two 
commonly used surface preparation methods are chosen as one of the thesis research 
topics. Also, to prove hypothesis, that mechanical properties of the overlay concrete layer 
will influence the interface strength, experimental study was performed. Based on 
obtained results, modified design approach and concrete-to-concrete interface failure 
envelope was presented, including different interface failure modes. 
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3. SURFACE ROUGHNESS 
Roughness of the surface can significantly influence strength of the 

concrete-to-concrete interface. Wide range of the roughness parameters can be used to 
evaluate roughness of concrete surfaces.  

Within the scope of this thesis, new mobile measurement system based on laser 
triangulation profilometry was developed, allowing precise determination of both 2D and 
3D roughness parameters. 3D surface was obtained by moving high-speed laser scanner 
over evaluated surface using  stepper motor with 50µm fine steps. Besides hardware, 
software for raw data acquisition, surface alignment, form removal, surface and profile 
filtering and parameter evaluation have been developed in MatLab and hereby presented. 

  
Figure 3.1 3D-LSS: laboratory (left) and in-situ measuring (right) 

Regardless to what method was used for obtaining surface topology, filtering of 
acquired data needs to be performed. Filtering plays a fundamental role in surface texture 
analysis. For the purposes of this study, three filters mainly used for characterization of 
concrete surface roughness have been chosen, namely standard Gaussian filter, spline 
filter and robust Gaussian filter. Furthermore, some of the areal parameters corresponding 
to standardized 2D parameters, which are not included in [4], were hereby defined. 

3.1. EXPERIMENTAL PROGRAM 
Based on presented overviews, questions need to be raised, whether different surface 

quantification methods are comparable. Also, effects and necessity of the data filtering 
and suitability of roughness parameters are questionable. Therefore, two different 
experimental programs have been performed. Firstly, roughness profile was obtained by 
3D-LSS (3D Laser Surface Scanner) and 2D-LRA (2D Laser Roughness Analyzer), with 
the aim to assess comparison between different methods of obtaining roughness 
parameters. Second experimental program included seven different surface preparation 
methods in order to investigate the most suited roughness parameters and effects of data 
filtering. 

3.1.1. Comparison of different quantification methods 
Referential slab used in this experimental program had surface left-as-cast on one side 

(referred to as front surface) and flat surface obtained by sawing on concrete slicer on 
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other (back surface). Roughness profile was obtained using both 2D-LRA at IST 
(Instituto Superior Técnico in Lisbon) and 3D-LSS at BUT (Brno University of 
Technology).  

  
Figure 3.2 BUT 3D Results – “front” surface (left) and “back” surface (right) 

Latter method allowed assessment of areal and profile parameters. Number of profile 
lines was kept same, meaning that results labeled as BUT – 2D were calculated based on 
ten randomly chosen profile lines. Also, areal parameters were presented and compared. 
Besides profile alignment using 1st order polynomial, no other data filtering has been 
applied. From the presented results, it is evident that for both surfaces, similar values with 
coefficient of variation (CoV) below 10% have been obtained only for average roughness 
Ra and root mean square roughness Rq. On the other hand, if only 2D data were compared, 
parameters Rz, Rmax and Rt also indicate CoV below 20%. 

It can be concluded that both methods provided similar results for profile method, but 
rather different results when comparing with areal approach. Those results could be 
expected, since besides Ra and Rq, all other parameters included in this study are 
connected to highest peaks and valleys over either sampling or evaluation length. On the 
other hand, suitability of “peak” parameters becomes questionable. 

3.1.2. Correlation between mean texture depth and other parameters 
Even though Sand Patch test  has significant disadvantages and limitations, correlation 

between MTD and other roughness parameters is necessary not only for surface roughness 
classification, but also to allow mutual comparison between results available in literature. 
For those reasons, extensive experimental program has been performed, including seven 
commonly used surface preparation methods, namely: 
- surface labeled as A: obtained by casting concrete against steel formwork, 
- surface labeled as B: intentional smoothed surface of the fresh concrete, 
- surface labeled as C: left-as-cast, 
- surface labeled as D: obtained by intentional roughening of the fresh concrete, 
- surface labeled as E: the surface left-as-cast was additionally sand-blasted, 
- surface labeled as F: jack-hammered and 
- surface labeled as G: “dimpled” (see Section 4.1.1). 

Besides sand patch test, 3D-LSS was performed, allowing calculation of both areal 
and profile parameters. Again, only F-operator was applied. Based on the experimental 
results, following approximations were obtained 

𝑀𝑀𝑀𝑀𝑀𝑀 ≅ 2 ∙ 𝑅𝑅𝑎𝑎 ≅ 2
3� 𝑅𝑅𝑞𝑞 ≅ 1

2� 𝑅𝑅𝑧𝑧 ≅ 𝑅𝑅𝑣𝑣. (1) 
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Figure 3.3 Approximation of MTD based on different roughness parameters 

As it can be seen in Figure 3.3, good correlation has been obtained for 4 different 
roughness parameters. Therefore, it can be concluded that this rather simple method can 
provide good estimation of surface roughness. On the other hand, sand patch test will not 
provide any other relevant information regarding profile topography and should be used 
only as referential method or, as stated above, to allow comparison based on rough 
estimation. 

3.1.3. Effects of data filtering 
Filtering should be performed according to ISO 4287 [3] and ISO 25178 [4]. Since 

high-pass filtering would lead to reduction of large portion of the measured surface, only 
low-pass filtering has been performed. Instead, form removal has been performed before 
applying filters, using 1st, 2nd and 3rd order polynomial fitted by least-square method.  

 
Figure 3.4 Average roughness Ra and differences obtained by data filtering 

Presented approach has been chosen, to assess the effects of data filtering, while 
keeping it as limited as possible. Seven different surfaces have been included, 
as described in Section 3.1.2. Presented surface roughness parameters were obtained on 
surfaces either subjected only to form removal, or after applying Gaussian (labeled as G), 
spline (labeled as S) or robust Gaussian filter (labeled as R), as described above. 

Somewhat decreasing trend in difference can be observed for higher surface 
roughness, between parameters obtained on the surface simply aligned using 1st order 
polynomial (P1), comparing to additionally filtered surface using Gaussian filter (P+G), 
spline filter (P+S) or robust Gaussian filter (P+R).  
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From presented results, it can be concluded with certainty, that form removal can 
significantly affect results, even more than data filters, especially if only low-pass 
filtering was performed. Also, high-order polynomials tend to diverge on the edges of the 
surface, causing unwanted curvatures that can further affect the results. Therefore, based 
on presented analysis performed on seven different surface profiles, 1st order polynomial 
can be suggested as the most proper for form removal. In addition, even though it should 
be experimentally confirmed, it can be argued that curved basic form will affect interface 
strength (shear strength especially), and for that reason should not be removed. Robust 
Gaussian filter clearly affects results the least, especially parameters connected with 
“peaks” and “valleys”, as for example St or Smax. Therefore, it can be only advised that 
robust Gaussian filter should be selected as the most proper low-pass filter for evaluation 
of the roughness of concrete surfaces.  

Surface resulting from low-pass filtering can be characterized as microroughness. 
Very similar values of roughness parameters have been obtained for residual surfaces, 
regardless the preparation method. Also, considering the fact that all values are below 
10μm, it can be stated with certainty that microroughness is almost identical and that even 
if low-pass filtering is not performed, reliable results can be obtained. 

Nonetheless, for one of the investigated surfaces, namely surface left-as-cast, filtering 
led to removal of measurement errors. Since those areas are located close to steep slopes 
in surface texture, it is probable that disturbances are caused by slight vibrations of 
measurement apparatus. 

3.1.4. Suitability of different roughness parameters 
Different authors (see for ex. [6]) evaluated roughness parameter suitability based on 

its correlation with interface strength. But it cannot be stated with certainty that presented 
conclusions are universal, since the most suitable parameters for characterization of the 
surface roughness should be stable. For those reasons, different approach has been chosen 
in this study. Instead of correlating surface roughness and interface strength, suitability 
of roughness parameters was assessed by means of its stability, namely: low coefficient 
of variation (CoV) between roughness profile acquiring methods, low dependency on data 
filtering, number of acquired measurements and suitability for both profile and areal 
approaches. 

It was already stated, that lowest CoV have been obtained for field parameters Ra and 
Rq using different quantification methods. But in both approaches, only 10 roughness 
profiles were used for evaluation of the parameters. Hence, it raises the question whether 
number of profiles can significantly influence presented values. For experimental 
investigation, referential slab described in Section 3.1.1 was used. Again, no data filtering 
has been performed, except from form removal using first order polynomial. From 
acquired areal data comprised of approximately 2500 profiles in total (with each profile 
containing more than 1500 measuring points), 10, 20, 50, 100, 500 or 1000 profiles were 
randomly chosen. As it could be expected, highest variation of the results was obtained 
for the “peak” parameters, meaning that obtained values can be highly depended on 
number of acquired measurements. Especially for the surface labeled as “back”, values 
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of CoV exceeded 20% for Rpmax, Rvmax, Rt, Rmax and Rvm. As expected, lowest variation 
was achieved with “average” parameters Ra and Rq, but also Rv and Rz. 

Besides the number of profiles, uncertainty can be raised, whether the resulting value 
differ greatly if different profiles were randomly chosen. For that reason, different 
scenario has been chosen; roughness parameters were calculated based on 10 different 
profiles selected randomly in 10, 20, 50, 100 and 500 cycles. Similar to the previous 
inquiry, lower CoV was obtained for “average” parameters, leading to the conclusion that 
more stable results can be obtained if Ra, Rq or Rp, Rv, Rk and Rz were used.  

Hence, even though “average” parameters are not as sensitive as “peak” parameters to 
changes in surface roughness, thanks to its overall stability and low dependency on 
number of measured profiles, its use in evaluation of the interface strength can be highly 
suggested. 

3.2. CONCLUSIONS 
Based on the results of presented theoretical approaches and extensive experimental 

study, following conclusions can be drawn: 
- Regardless the method for acquiring surface or profile texture, similar results can be 

obtained. Nevertheless, for some peak amplitude parameters (especially total profile 
height Rt, maximum profile height Rmax and mean peak-to-valley height Rz) substantial 
differences have been observed, when profile and areal approach were compared. 

- Mean texture depth MTD can provide good estimation of surface roughness. 
Correlation among four different roughness parameters, namely Ra, Rq, Rz and Rv, have 
been presented. But since this method will not provide any other relevant information 
regarding profile topography, it should be used only as referential method. 

- Filtering can have significant effect on resulting surface roughness parameters. 
For that reason and in order to allow mutual comparison of the results, applied filters 
(both low-pass and/or high-pass), including the values of nesting index and form 
removal algorithm, should be always clearly specified. 

- Removing basic form simply by using 1st order polynomial, fitter by least-square 
method, seems like good and sufficient alternative. Higher-order polynomials should 
be used with caution, because of the tendency to diverge close the edges of the surface. 

- Microroughness of the concrete surfaces is almost identical, regardless the surface 
preparation or filtering method. While for that reason low-pass filtering can be 
neglected, it can prove helpful in elimination of measurement errors. 

- Robust Gaussian regression filter can be characterized as the most proper low-pass 
filter for evaluation of the roughness of concrete surfaces, especially if peak amplitude 
parameters were used or if surface texture can be characterized as irregular. 

- More stable results can be expected for following roughness parameters: Ra, Rq and 
Rk, regardless of the approach (areal or profile), number of measured profiles, filtering 
and form removal method. For that reason, its use in evaluation of interface strength 
is highly suggested, based on the results of the presented experimental study. 
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4. TESTS TO ASSESS INTERFACE STRENGTH 
A few researchers, for example Mohamad et al. [7], have investigated indented 

surfaces as defined in [1]. However, even though dimpled surfaces are widely used, to 
the best of the authors’ knowledge there is no research providing any data regarding their 
roughness parameters, tension and shear strength, nor their failure modes. Hence, the 
main aim of this experimental program was to characterize the mechanical performance 
of this type of surface using appropriate test setups. 

To some extent, the interface strength parameters derived from experimental 
characterization depend on the test configuration. This is caused by sensitivity to the 
interaction between shear and normal stresses, uneven stress distribution, unavoidable 
bending, load deviation eccentricities or other test imperfections. 

4.1. EXPERIMENTAL PROGRAM 
In order to obtain a correlation between different test setups, six different tests were 

performed: the splitting tensile test, the pull-off test, the bi-surface direct shear test, 
the L-type test, the simplified push-off test and the modified slant shear test. 
The experimental program involved 38 specimens in total, meaning that six specimens 
were tested for each test setup, except for the pull-off and L-type tests, where nine and 
five specimens were tested, respectively. Consequently, the failure envelope of dimpled 
interfaces was obtained. 

Special attention was paid to keeping constant some of the parameters known to affect 
interface strength, namely: roughness of the interface, material properties, age of 
specimen (i.e., stresses induced by shrinkage), curing, surface moisture and cleanliness. 

The same concrete mix design was used for both the substrate layer and the overlay, 
with mean values of cubic compressive strength being 52.5MPa, splitting tensile strength 
3.8MPa and modus of elasticity 30.9GPa.  

4.1.1. Interface roughness 
A light HDPE membrane with diagonally oriented 8mm dimples was placed in 

formwork, leading to the formation of a concrete-to-concrete interface which was referred 
to as “dimpled”, as presented in Figure 4.1a. The texture profile (Figure 4.1b) used for 
assessing the roughness parameters was deliberately placed in the middle of the dimples 
and oriented horizontally (the same orientation was used during the mechanical tests). In 
this regard, the values of average roughness Ra and root mean squared roughness Rq were 
slightly higher, which is as expected due to the abovementioned placement of the profile. 
Still, the values obtained by both the profile and areal method were similar.  

As for the parameters connected with peaks (and valleys, respectively), the areal 
method resulted in higher values. This was also expected since it is unlikely that the 
highest peaks on the whole surface are placed along a single profile line.  

The dimpled surface can be categorized according to [1] as very rough, comparable to 
those obtained by high-pressure water-blasting or indented surfaces. Dimples can also be 
assumed to be shear keys, as defined in Section 6.3.5 of fib Model Code 2010 [1], with 
proportions close to the recommended lower limits. 
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a)  b) 
Figure 4.1 a) 3D surface topology (top) and b) the chosen 2D surface profile (bottom) 

4.1.2. Splitting tension test 
The splitting tension test is one of several widely adopted setups for characterizing the 

tensile strength of cementitious materials. It can be performed on either cubic or cylinder 
specimen.  

The failure mode was in all the cases adhesive, i.e. monolithic failure did not occur. It 
can also be observed that a significant number of dimples (which are part of the overlay) 
sheared off. This confirms that part of the failure occurred outside of Interfacial Transition 
Zone (ITZ). Detailed descriptions of different interface failure modes are presented in 
Section 5.1. This simple test configuration provided consistent results and can be 
characterized as a suitable procedure for the evaluation of concrete-concrete interface 
tensile strength. 

4.1.3. Pull-off test 
The Pull-off test can be identified as a direct tension test, and it has lately been 

suggested by many authors [8] as being suitable for characterizing the adhesion between 
different-aged concrete layers. 

Three different types of failure were observed: adhesive, mixed and cohesive. 
Adhesive failure (Figure 4.2a) only occurred for one specimen, and it took place partially 
outside the ITZ as it did with the splitting test, with some of the dimples being pulled off. 

a)  b)  c)  

Figure 4.2 Pull-off test: failure modes a) adhesive, b) mixed and c) cohesive 

Mixed failure occurred for three specimens, while the remaining five specimens 
showed cohesive failure of the overlay concrete in close proximity to the interface. It 
should be highlighted that this test (with medium efficiency and low requirements in 
terms of both time and labor force), is a standardized test method which can also be 
implemented in-situ. 
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4.1.4. L-type test 
This type of test was widely used earlier by different researchers. The average shear 

strength based on the results from the five tested specimens, was calculated assuming 
uniform stress distribution. 

 
a) 

 
b) 

 
c) 

Figure 4.3 L-type test: a) shape, b) test setup and c) failure mode 

Similar to the previously described test setups (splitting and pull-off tests), adhesive 
failure (or failure within interface transition zone) was obtained for all specimens in the 
series but shearing of all the dimples was observed in this case (Figure 4.3c). 

4.1.5. Bi-surface test 
For the modified direct shear test, which is referred to as the bi-surface test [9], 

a 150×150×150mm cubic specimen was used (Figure 4.4a). Only adhesive failure was 
observed, with all the dimples sheared off.  

 
a) 

 
b) 

Figure 4.4 Bi-surface test: a) test setup and b) stress pattern 

If compared to the interface strength obtained by the L-type test, higher values have 
been obtained assuming that stress distribution is uniform. This effect can be attributed 
to the expected friction caused by compressive stress (see Figure 4.4b). 
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4.1.6. Push-off test 
While Randl [10] used an optimized setup by including a cantilever capable of 

counteracting the bending moment caused by load eccentricity, the test performed in this 
study (Figure 4.5) is more similar to the one conducted by Mohamad et al. [7].  

  
Figure 4.5 Push-off test scheme (left) and test setup (right) 

Shearing of the dimples was observed for all test specimens in the series. Compressive 
stress in a range between 0.15-1.0MPa was deliberately applied before loading the 
specimen in shear.  

4.1.7. Slant shear test 
In order to prevent the specimen from undergoing cohesive failure, the modified test 

suggested by Saldanha et al. [11] was performed.  
Brittle failure was observed for all six specimens for rather low shear slips, with values 

below 0.05mm. This is in accordance with the general behavior of concrete to concrete 
interfaces without shear reinforcement [10]. Failure mode can be characterized as 
adhesive, i.e. shearing of the dimples was observed as presented in Figure 4.6b. 

  
Figure 4.6 Slant shear test: a) scheme, b) test setup and c) failure mode 
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4.2. RESULTS AND DISCUSSION 
With the combination of different test setups used in this research, three strength 

parameters of the dimpled interface were assessed, namely: tensile strength, shear 
strength and friction angle or friction coefficient (see Figure 4.7).  

 
Figure 4.7 Failure envelope of the dimpled interface 

The average tensile strengths obtained by the pull-off and splitting test were 2.0MPa 
and 2.1MPa, respectively. The obtained difference of 5% was in accordance with other 
data presented in the literature.  

Two different “pure” shear tests were performed in the scope of this experimental 
study, namely L-type and bi-surface test. Obtained average values of shear strength were 
2.45MPa and 3.16MPa, respectively. As it was discussed earlier, bi-surface shear tests 
tend to over-estimate shear strength due to friction caused by normal stresses acting 
perpendicular to the interface.  

Friction was assessed using both the slant shear and push-off test results. If linear 
regression was assumed, the resulting value of friction angle was 53° (coefficient 
of friction 1.30), while the extrapolated shear strength of the interface was 2.5MPa, which 
corresponds to the L-type test results and the adhesive bond coefficient of 0.63. 

Adhesive failure modes were mostly observed within the scope of this experimental 
program. Also, in most of the cases, only smaller sized pieces of aggregate protruded into 
the interface, leading to the conclusion that higher strength and improved behavior can 
be achieved if the size of the dimples is larger or at least the same as that of the maximum 
coarse aggregate size. The latter finding raises the question as to whether the code 
provisions [1] for dimpled surfaces and the minimal height of the shear keys should be 
altered to address these assumptions. 

Based on presented results, the interface failure envelope can be formed using either 
modified expressions suggested by Shen et al. [12] or according to Espeche and 
León [13], who defined the failure envelope and equations to predict adhesion based on 
the values of interface tensile strength and friction angle. According to [8], the minimal 
ratio between the adhesion and tensile strength of the interface was set at √3 for low 
friction angles. Nonetheless, based on the results of this experimental program, a lower 
ratio of 1.2 was obtained. 
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The roughness profile of the dimpled surface can be characterized as highly irregular. 
Therefore, it can be concluded that precaution should be taken when using the approach 
[13] for surfaces with irregular roughness and indented surfaces since shear strength 
might be overestimated. Nevertheless, using abovementioned approach is advised due to 
their universality and the fact, that those methods rely on quasi-brittle fracture mechanics 
behavior [14]. 

4.3. CONCLUSION 
Within the scope of this experimental research, a comprehensive overview of the tests 

designed to characterize interface strength was presented, including its main advantages, 
efficiency, adequacy and capabilities. Furthermore, the failure envelope of a “dimpled 
interface” was presented. Surface roughness was also characterized, using both the areal 
and profile approach. The following conclusions can be drawn: 
- According to the provisions of fib Model Code 2010 [1], the presented dimpled surface 

can be categorized as very rough or indented. The experimentally obtained coefficient 
of adhesive bond ca is 0.6, while the coefficient of friction μ is 1.3, corresponding to a 
friction angle of approx. 53°. Even though both values are lower, comparing to the 
provisions [1], much more conservative results were obtained for different types of 
surface preparation [8]. 

- Failure of the dimpled interface occurred partially outside the interface transition zone. 
The ratio between shear and tensile strength of 1.2 is rather low compared to the results 
presented in other studies. Therefore, caution is suggested when using the approach 
presented by Espeche and León [13] for representing surfaces with an irregular 
roughness profile. 

- Based on the experimental behavior of a dimpled surface, it is suggested that the 
proposed [1] geometrical minimal requirements for shear keys be revised, especially 
with regard to maximum coarse aggregate size. 

- Both splitting and pull-off test can be used for the assessment of the interface tensile 
strength. The splitting test tends to slightly overestimate tensile stress, but the CoV 
and chances of cohesive failure are lower. 

- Shear strength of the analyzed dimpled interface obtained by bi-surface test (3.2MPa) 
was noticeably higher, comparing to the L-type test results (2.5MPa), seemingly due 
to the contribution of friction. Also, better correlation between test results and failure 
envelope was observed for the L-type test. Therefore, it can be concluded that L-type 
test setup is the most suited for the evaluation of the interface shear strength, regardless 
the lower efficiency. 

- Effects of friction were assessed using two different test setups: push-off and slant 
shear tests. The obtained values of both the interface strength and the scatter of the 
results were similar, meaning that both tests are equally suitable for characterization 
of concrete to concrete interfaces. 

- It has to be stated that in this experimental program only one type of dimpled surface 
was characterized and assessed. Nonetheless, the robust and representative test 
methodology presented herein can be followed in the future characterization of 
dimpled and/or highly irregular surfaces. 
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5. CONCRETE-TO-CONCRETE INTERFACE BEHAVIOR 
Over the past years, extensive research was conducted on concrete-to-concrete 

interface shear strength, pointing out limitations of design expressions current codes. 
According to fib Model Code 2010 [1], the interface shear strength depends on surface 
roughness, normal stress and concrete tensile strength. 

It is not evident, whether tensile strength of substrate layer or overlay concrete should 
be used, but in order to be on a safe side, lower strength seems imposed. Therefore, in 
cases of structural repairs, interface strength will almost always be governed by strength 
of substrate concrete as weaker and using higher strength concrete for overlay will not 
improve calculated interface strength.  

5.1. THEORETICAL BACKGROUND 
When there is no reinforcement crossing the interface, main contributors to interface 

shear strength are adhesion and friction. Adhesion represents chemical bond between two 
concrete layers, respectively bond between hardened substrate concrete and overlay 
casted in fresh state. Hence, interface strength will depend on mechanical properties of 
hardened substrate concrete, surface properties of substrate layer and chemical and 
mechanical properties of overlay concrete since chemical bond will be governed by 
properties of fresh concrete. The overall bond strength of the concrete-to-concrete 
interface is limited by the weakest link this composite system. 

 
Figure 5.1 Interface failure modes: A) cohesive substrate failure; B) cohesive substrate failure 

close to interface; C) adhesive failure; D) cohesive overlay failure; E) mixed failure 

Failure mode A corresponds to cohesive failure of the substrate concrete, well below 
the interface. It can occur if both, overlay and interface strength are higher that substrate 
strength, i.e. in cases when the surface is clean and adequately roughened by for example 
sand-blasting or water-blasting and, at the same time, strength of the overlay is higher. 

Failure mode B corresponds to cohesive failure of the substrate layer, slightly below 
the interface. It occurs when the thin layer immediately below the interface is weakened 
by concrete bleeding if surface was left-as-cast. Also, similar situation can occur if 
inadequate roughening method causing “bruising” are used.  

Failure mode C is defined as pure adhesive failure. Bond strength will depend on 
surface roughness and overlay properties. It can be expected in cases of smooth interfaces 
(lower surface roughness), or if surface was not adequately cleaned or/nor pre-wetted. 

Failure mode D corresponds to cohesive failure of the overlay. It occurs when the 
strength of the substrate and bond strength are high, combined with a weak and/or 
inadequately cured concrete overlay. The higher strength of the interface is ensured by an 
adequate surface roughening, allowing anchorage in pores and voids of the substrate.  
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Failure mode E corresponds to a ‘mixed failure mode’ obtained as a combination of 
two or more of the former. It can be caused by local defects or it can result from having 
similar strength values for different failure modes. 

From design point of view, failure modes A, D and E can be neglected, after limiting 
maximum value of coefficients of adhesion ca,t and surface preparation cp,t to 1.0. Since 
interface strength is governed by the weakest link in composite system, values of 
coefficients can be limited, simply because they represent failure modes A and D.  

Different factors can affect strength of the interface between substrate concrete layer 
and the overlay. For ex., “bruising” caused by aggressive roughening treatments, can 
significantly affect interface strength. Since this statement raises the questions regarding 
degree of influence, it was chosen as one of the topics of the experimental program. 
Furthermore, properties of the overlay concrete will also influence the bond quality. For 
that reason, determination of the effects of overlay properties on the interface strength 
was one of the aims of experimental program. 

5.2. EXPERIMENTAL PROGRAM 
The need for further research of some factors affecting interface strength is evident 

from the theoretical analysis presented in Section 5.1. Therefore, extensive experimental 
studies have been performed to address those issues, namely collateral effects of surface 
preparation methods, influence of overlay concrete strength and use of light-weight 
concrete on strength of the concrete-to-concrete interface. 

5.2.1. Collateral effects of the surface preparation methods 
Failure mode B was defined as cohesive failure of substrate layer close to bond due to 

co-lateral effects of surface preparation methods. For that reason, correction coefficient 
of surface preparation cpt was introduced. In order to obtain its value for two different 
surface preparation methods (left as cast and hammered), pull-off tests have been 
performed for three different concrete classes (see Figure 5.3). 

After drilling, cores have been separated into two parts: top part to assess tensile 
strength of interfacial zone and co-lateral effects of surface preparation, and bottom part, 
in order to obtain tensile strength of the concrete. That way, both concrete tensile strength 
and the strength of interfacial zone were obtained from the same core. Experimentally 
obtained failure modes for surfaces left-as-cast are presented below: failure of interfacial 
zone and cohesive failure of the specimen in pure tension (see Figure 5.2). 

  
Figure 5.2 Failure modes of the interfacial zone B (left) and cohesive failure A (right) 



Đorđe Čairović      Doctoral Thesis Summary   

20 

Failure modes B or C were expected for specimen with top surface layer hammered 
and left-as-cast respectively, since hammering will cause “bruising” and if the surface 
was left-as-cast, lower strength of the top layer can be expected, due to concrete bleeding. 
Nonetheless, for the interface left-as-cast in most of the cases cohesive failures occurred. 
It leads to the conclusion, that even without removal of weaker top layer, good bond 
characteristics can be obtained, if surface is adequately cleaned and saturated. 

 
Figure 5.3 Surface left-as-cast: concrete-to-ITZ tensile strength ratio 

As it is shown in Figure 5.3, linear regression line is rather close to concrete-to-ITZ  
strength ratio of 1.0. Also, it can be observed, that larger scatter of results was obtained 
for higher concrete grades.  

Similar to the specimen with surface left-as-cast, pull-off tests on the top layer of the 
hammered surface were performed.  Failure of interfacial zone, respectively failure of the 
specimen close to the top surface was obtained in all the cases.  

Lower strength concretes were highly affected by bruising, presumably due to weaker 
bond between paste and aggregates, oppose to higher strength concrete grades. It is 
apparent, that originally proposed equation could not be used in this case. For that reason, 
extended non-linear relation was hereby presented 

𝑓𝑓𝑡𝑡,𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑚𝑚𝑚𝑚𝑚𝑚 �
𝑐𝑐𝑝𝑝𝑝𝑝 ∙ 𝑓𝑓𝑐𝑐𝑐𝑐1 − 𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑐𝑐𝑐𝑐1⁄

𝑐𝑐𝑎𝑎 ∙ 𝑓𝑓𝑐𝑐𝑐𝑐2
− 𝜇𝜇 ∙ 𝜎𝜎𝑛𝑛; 𝑐𝑐𝑝𝑝𝑝𝑝 ≤ 1.0; 𝑐𝑐𝑎𝑎 ≤ 1.0, (2) 

where 𝑓𝑓𝑡𝑡,𝑖𝑖𝑖𝑖𝑖𝑖 is tensile strength of the interface or ITZ, respectively, 
  𝜇𝜇 is coefficient of friction, 

𝜎𝜎𝑛𝑛 is normal stress acting perpendicular to the interface plane and 
𝑐𝑐𝑐𝑐𝑐𝑐 is coefficient of concrete strength dependence and it is set to be 1.40 for 
hammered surface and 0.0 for surfaces left-as-cast. 

As it evident from presented results, collateral effect of different preparation methods 
depends on surface layer concrete strength, i.e. without the introduced coefficient of 
concrete strength dependence 𝑐𝑐𝑐𝑐𝑐𝑐, generalized assessment would be impossible. 
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Furthermore, it gives the explanation for the fact, that surface roughness does not always 
go hand in hand with interface strength, as stated by for ex. Randl [10]. 

 
Figure 5.4 Hammered surface: concrete-to-ITZ tensile strength ratio 

It has to be stated, that determination of mentioned coefficients of surface preparation 
and concrete strength dependence would in this case lead to semi-quantitative approach. 
Purely quantitative approach can be achieved, if different (clearly quantitative) method 
was used for determination of collateral effects of surface preparation. 

5.2.2. Effects of overlay properties on interface strength 
Failure mode C was defined as adhesive failure of the interface, depended on surface 

roughness and properties of overlay concrete. In order to prove presented hypothesis, 
experimental investigation was performed. Push-off test setup was chosen, with interface 
left-as-cast 400×800mm. Both layers were 150mm thick. Three series of 7 specimens 
were cast using different concrete mixtures. Series S2 represent the most common case 
in structural repairs, when higher-strength overlay was cast against weaker substrate layer 
with surface left as cast. For series S1 and S3, higher-strength concrete was assumed for 
both substrate and overlay, but different amount of cement was used. Same concrete 
mixture designs used in previous experimental study were adopted. 

Failure of all the specimens occurred for the average values of shear slips lower than 
0.05mm, as it was expected for the interfaces without reinforcement [15]. The values of 
the average shear stress were calculated assuming uniform stress distribution. 

Table 5.1 Experimental data: Peak forces and corresponding shear slips and stresses 

Series Average Peak Force CoV Average Shear Slip Average Shear Stress 
 [kN] [%] [mm] [MPa] 

S1 247.3 23% 0.012 0.773 
S2 379.2 9% 0.019 1.185 
S3 366.4 14% 0.019 1.145 
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When dependence between maximum applied force and minimal concrete tensile 
strength was assumed, results were inconsistent: highest interface strength was obtained 
for series S2, with lowest value of substrate concrete tensile strength. On the other hand, 
assuming linear correlation noticeable dependence was obtained between interface 
strength and the overlay concrete tensile strength. 

Although, additional tests with different surface preparation methods still need to be 
performed, hypothesis that strength of chemical bond between two concrete layers is 
governed by properties of overlay layer and roughness of substrate layer seems logical 
and gives reasonable results.  

5.2.3. The interface between lightweight and regular concrete 
While some  design approaches are based on reduction coefficients in cases when 

light-weight concrete is used, difference in failure modes and overall behavior of 
RAC-to-LWAC (Regular Aggregate Concrete to Light-Weight Aggregate Concrete) 
interfaces are not fully described nor included. 

With the aim to further investigate behavior of the interface between regular and 
lightweight aggregate concrete, experimental analysis has been performed. Analysis 
included two different test setups, namely Z-type, representing modification of L-type 
test, and slant shear test (see Figure 5.5). By combining those two test setups, both 
adhesive strength and contribution of friction could be assessed. While substrate layer 
was composed of RAC, LWAC with expended clay aggregate and density below 
1200kg/m3 was used for casting concrete overlay. Three different series have been 
defined. Namely, for series labeled as “S-I”, RAC was used for casting substrate layer, 
while LWAC overlay was cast 28 days after casting of the substrate layer. The only 
difference between series S-I and S-II is that overlay was cast after 7 days. Third series 
“R-II” served as referential. Regardless the series, substrate surfaces were left-as-cast.  

 
Figure 5.5 Specimen geometry and test setup: a) Z-type test and b) slant shear test 

5.2.3.1. Results and discussion 
Brittle failure of the interface, after reaching its adhesive strength, was observed for 

all Z-type test specimens. Peak forces were observed for values of measured vertical shear 
slips between 0.05-0.10mm. Shear stress was assumed to be uniform over the whole area 
of the interface, therefore average stress values are defined as the maximum force over 
the whole area of the interface. 
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         Table 5.2 Z-type test results        Table 5.3 Slant Shear test results 

Series τAVG 
[MPa] 

StD  
[MPa] 

CoV 
[%] 

 Series τAVG 
[MPa] 

StD 
[MPa] 

σn,AVG 
[MPa] 

StD 
[MPa] 

CoV 
[%] 

S-I 4.8 0.7 14.1%  S-I 9.3 0.6 -5.4 0.4 6.9% 
S-II 4.9 0.7 13.3%  S-II 9.1 0.9 -5.2 0.5 9.8% 
R-II 3.4 0.7 21.4%  R-II 9.0 2.4 -5.2 1.4 26.3% 

           
Quite similar results have been obtained for both series when lightweight concrete was 

used (S-I and S-II). It leads to the conclusion, that age difference is not expected to affect 
results greatly (at least not in the time range investigated in this study). While slight 
decrease of the interface strength with greater age difference can be contributed to higher 
differential shrinkage between two concrete layers, it cannot be stated with certainty, 
since scatter of the results within this study is higher than expected strength difference. 

For slant shear test specimens, three different failure modes have been observed: 
adhesive failure of the interface caused by shear force, monolithic failure of the LWAC 
in compression and mixed failure, where only part of the interface failed in shear but only 
after first vertical compressive cracks were observed. Besides all referential specimens, 
adhesive failure was observed for only one specimen from series S-I. Mixed failure mode 
was obtained for one specimen from each S-I and S-II series, while the rest was 
characterized as cohesive or monolithic.  

 
Figure 5.6 Failure Modes: adhesive (left) , mixed (center) and monolithic (right) 

In this case, only adhesive failure was desirable, while other results could be only 
interpreted as lower bounds of interface strength, considering that interface was able to 
resist the applied load. 

Almost identical values of the interface strength have been obtained for all three series. 
If adhesion was evaluated using tensile strength of the overlay concrete, it would lead to 
rather unrealistic values of coefficient of adhesion of 3.70 for series S-I and S-II in 
average. If same value of coefficient of friction of 1.10 was assumed, resulting shear 
strength of the interface would be 4.33MPa. It leads to the conclusion, that instead of 
either substrate or overlay concrete tensile strength, properties of the cementitious paste 
might be governing. 
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Figure 5.6 Failure envelope of the interface based on [13]  

Mechanical properties of LWAC cementitious paste are much higher, comparing to 
regular concretes. Therefore, better properties of the thin outlay layer in the interface 
transition zone (ITZ) will be obtained, regardless the strength of concrete itself. It leads 
to the conclusion that interface strength can be governed mainly by properties of the 
cementitious paste (rather than concrete), especially for the surfaces with lower roughness 
amplitudes. Nevertheless, further investigation is needed confirm presented hypothesis. 

5.2.4. Confined slant shear test 
In some cases, with higher interface strength, failure of the specimen in compression 

and transverse tension, respectively, can occur before loss of the adhesion. It leads to the 
conclusion, that in order to ensure adhesive failure, modified test setup needs to be 
proposed. Hence, Confined Slant Shear Test (C-SST) was hereby developed and assessed.  

Geometry of the specimen was not changed. Reinforcement was not used for neither 
substrate nor overlay concrete layer. In this case, steel square tube with inner width of 
150mm and 5mm wall thickness was used, but alternatively circular tubes could also be 
used. Proposed test is easy to prepare and to perform. 

    
Figure 5.7 Confined slant shear test: formwork, specimen, testing and failure mode 
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In order to demonstrate and validate efficiency of proposed modification, single 
monolithic specimen was chosen, representing the most unfavorable conditions. Also, 
LWAC (Light-Weight Aggregate Concrete) with expanded clay aggregate and density 
around 1200kg/m3 was used.  

Cracks formed precisely at the part of the specimen, where confinement was left out. 
Direction of first visible cracks was slightly inclined from vertical axis, but later crack 
pattern shifted closer to plane without confinement before brittle failure occurred. 

Distribution of the stress along the interface is expected to be influenced by the effect 
of confinement. Therefore, uniform distribution should not be considered. It seems that 
this fact present disadvantage of proposed test modification, but even with standardized 
test, distribution of normal and shear stress will be “S” shaped, in cases when different 
concrete mixtures were used or when concrete layers have different modulus of elasticity 
(for more information see [11]). Hence, in most of the cases numerical analysis is 
necessary. 

5.3. CONCLUSIONS 
With the aims to further generalize and expend proposed design approach [1] for the 

concrete-to-concrete interfaces without shear reinforcement, three different experimental 
programs have been performed and hereby presented. Detailed analysis of mentioned 
factors affecting interface strength led to following conclusions: 
- Certain methods for obtaining artificial surface roughness can have significant 

negative effects on the interface strength, caused by for ex. bruising. Regardless, some 
of those methods are widely used and therefore, collateral effects of surface 
preparation should be evaluated and incorporated in the design approach, by means of 
introduced coefficient of surface preparation cp. 

- Regardless the larger scatter of the results, it is evident that with higher strength of the 
overlay, better interface characteristics can be obtained. Hence, tensile strength of the 
overlay concrete should be incorporated into design approach, allowing designers 
more tools to control resulting interface strength. 

- Based on behavior of the interface between regular and lightweight concrete, it can be 
concluded, that shear strength is influenced by the properties of cementitious paste 
(rather than aggregate or concrete itself), especially for the surfaces with lower 
roughness. But further investigation needs to be performed to prove those claims and 
provide more universal design approach.  

- Newly proposed test setup, referred to as confined slant shear test (C-SST) was 
assessed using both experimental and numerical analysis. Since confinement will 
affect stress distribution, this test should be used with caution. Even so, it represents 
good alternative since it can delay unwanted cohesive failure mode. 

While further research is needed in order to fully justify abovementioned statements, 
based on presented experimental and numerical studies, more universal and detailed 
design approach have been hereby presented. Also, focuses of the further research, 
leading to fully quantitative design approach and evaluation of the concrete-to-concrete 
interface strength including different overlay materials, have been outlined and described.  
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6. FINAL REMARKS AND RECOMMENDATIONS 
Within the scope of presented thesis, three mutually connected research objectives 

have been thoroughly investigated: roughness of the substrate concrete layer, 
investigation of mainly used tests to assess interface strength and finally, characterization 
of different factors affecting strength of the concrete-to-concrete interface without shear 
reinforcement. Based on presented theoretical and experimental studies, it can be stated 
that significance of the research is apparent and that main objectives of the thesis have 
been fully accomplished. 

The fact, that roughness of the substrate surface can significantly influence interface 
strength was already proven by many authors. Depending on the chosen method and 
whether the area or roughness profile were evaluated, wide range of roughness parameters 
are defined by [3; 4]. Aiming to allow comparison between abovementioned areal or 
profile approaches, some of the missing areal roughness parameters were defined 
analogically to the profile roughness parameters and presented in Section 3. Also, some 
issues connected with definition of mainly used parameters were discussed. Mobile 
measuring system based on laser triangulation profilometry, referred to as 3D Laser 
Surface Scanner and which allowed acquisition of both roughness profiles and/or areal 
scans was assembled and presented, together with MatLab algorithm for data evaluation. 
Based on the presented results, average roughness Ra, root mean square deviation of the 
roughness profile Rq and vertical difference in core section Rk, can be characterized as the 
most stable parameters, regardless of the approach, number of measured profiles, 
filtering, or form removal method. Hence, use of those parameters in evaluation of the 
surface roughness and its effects on the interface strength is highly suggested.  

While use of quantitative methods to obtain surface topography is highly suggested, 
correlation between some roughness parameters and mean texture depth obtained by sand 
patch test was presented, allowing comparison of the results with earlier research, in 
which this method was widely represented. Moreover, effects of data filtering and 
roughness parameter stability have been assessed. In conclusions, the most stable 
parameters and the most proper methods of form removal and low-pass filtering have 
been defined. As stated, use of 1st order polynomial for basic form removal and robust 
Gaussian regression filter for the low-pass filtering if needed, is highly suggested.  

In Section 4, extensive experimental analysis has been presented, allowing comparison 
between six different test setups and summarization of its main advantages and 
disadvantages, efficiency, adequacy, and capabilities in general. Based on the results of 
the abovementioned study, it can be concluded that for evaluation of the interface shear 
strength, L-type test can be characterized as the most appropriate, while splitting test and 
pull-off test are both equally suitable for the evaluation of the interface strength in tension. 
For the assessment of friction, slant shear test should be used, ideally with two different 
angles of the interface plane. On the other hand, push-off test allows evaluation of both 
dowel action and friction caused by external load, which in this case can be chosen by 
preference. Nevertheless, both tests are identified as equally suitable.  

In cases of higher roughness and/or lower angles of the interface plane, undesirable 
monolithic failures of the slant shear specimens were observed, even with modification 
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of the test presented by [11]. For that reason, confined slant shear test setup was developed 
and hereby presented and assessed using numerical analysis and experimental 
investigation on monolithic specimen, as described in Section 5.2.4. Regardless the 
presented disadvantages, presented test setup modification will delay premature 
monolithic failure of the specimen and allow assessment of the friction, even for lower 
angles of the interface plane or higher roughness profiles.  

Consequently, surface referred to as “dimpled”, obtained by casting of the concrete 
against dimpled membrane, was investigated. The failure envelope was experimentally 
obtained and presented, together with detailed roughness analysis. Even though use of 
this type of surface preparation is rather wide, caution can be suggested since its 
roughness profile can be characterized as highly irregular and, when compared to other 
surface textures, significant differences in failure envelope and overall behavior have 
been observed. The suggestions for revision of fib Model Code [1] proposed geometrical 
minimal requirements for shear keys were presented, especially with regard to maximum 
coarse aggregate size. Still, an extensive numerical program should be carried out in the 
future to investigate precise stress distribution along the interface and the fracture 
mechanisms for different test setups.  

Some of the factors affecting strength of the interface without shear reinforcement 
were investigated and described in Section 5. Collateral effects caused by aggressive 
surface treatments also referred to as a “bruising” were proven to significantly reduce 
interface strength (see Section 5.2.1). Based on theoretical assumptions and 
experimentally obtained results, semi-quantitative approach was hereby presented, 
including introduction of the coefficient of surface preparation based on selected 
roughening method. It was also suggested that further research should be focused on 
development of more precise, non-destructive methods of characterization, leading to 
fully quantitative design approach.  

Furthermore, using tensile strength of the overlay as governing for the design of the 
concrete-to-concrete interfaces was suggested (instead of lower concrete strength, as 
suggested by design codes [1; 16]) and experimentally proved for the surface left-as-cast. 
While it should be still evaluated for different surfaces, according to the authors` opinion, 
use of proposed design approach based on distinctive failure modes can be highly 
suggested. From the designer’s point of view, presented modification of fib Model Code 
[1] design approach should provide more possibilities to regulate resulting interface 
strength, besides coefficients of adhesion and friction. 

Within the scope of the research, use of lightweight aggregate concrete as the overlay 
was also assessed. It was concluded that interface strength is depended mainly on the 
properties of cementitious paste (rather than aggregate or concrete itself), especially for 
the surfaces with lower roughness amplitudes. But in order to prove those claims and 
provide more universal design approach, further investigation needs to be performed. 

Finally, guidelines for future investigations have been defined. But regardless the fact 
that further research is needed to fully describe behavior of concrete-to-concrete 
interfaces without shear reinforcement, it can be stated that presented research shed light 
on some major factors influencing the strength of the interface in general.  
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ABSTRACT 

Doctoral thesis focuses on behavior of the interface between two concrete layers 
cast at different times and without shear reinforcement. By means of both 
experimental and numerical analysis, some of the factors affecting interface 
strength have been assessed. Namely, surface roughness and suitability of different 
roughness parameters used for its characterization, effects of overlay mechanical 
properties and collateral effects of surface preparation methods. Also, different 
tests to assess interface strength have been investigated in detail and mutually 
compared. 

The most suitable roughness parameters have been chosen, based on its overall 
stability. Correlation between mean texture depth and other parameters have been 
defined. Results of the experimental program intended to further investigate 
abovementioned effects on interface strength, led to proposition of extended 
semi-quantitative design approach and introduction of coefficient of surface 
preparation. Based on the extensive experimental program, correlation between 
different test setups, including its main advantages and disadvantages, has been 
presented, together with roughness characterization and failure envelope of the 
dimpled interface. 

 

ABSTRAKT 
Disertační práce je zaměřená na chování spáry mezi betony různého stáří 
bez smykové výztuže. Pomocí experimentální i numerické analýzy byly zkoumány 
vybrané faktory ovlivňující únosnost spáry. Určovala se zejména drsnost povrchu 
a neměnnost různých parametrů drsnosti povrchu, vliv mechanických vlastností 
betonu nadbetonávky a vedlejších vlivů metod pro zdrsnění povrchů. 

Nejvhodnější parametry drsnosti byly vybrány na základě jejich celkové stability. 
Byla definována korelace mezi střední hloubkou textury povrchu a ostatními 
parametry. Výsledky experimentálního programu zaměřeného na stanovení výše 
uvedených vlivů na únosnost spáry beton-beton vedly k návrhu semi-kvantitativního 
návrhového přístupu a zavedení součinitele zdrsnění povrchu. Na základě 
rozsáhlého experimentálního programu byla formulována korelace mezi různými 
testy pro zjištění únosnosti spáry, včetně všech nejvýznamnějších výhod a nevýhod 
zahrnutých testů a charakterizace drsnosti a obálky únosnosti nopového povrchu. 
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