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Abstract. This paper presents the results of an investigation into the steel-to-concrete bond in high-

performance self-compacting concrete (HPSCC) based on direct pull-out tests. Specifically, the effect of the 

casting direction on bond properties is examined. Two variants of concrete mixture casting were considered 

in this work: from the top and from the bottom of a mould with a single casting point at one edge. 

Horizontal specimens with transverse rebars distributed over their heights (480 mm) and lengths (1600 mm) 

were cast. The experimental program has shown that the direction of concreting plays an important role in 

the formation of the bond condition. In the case of casting a mixture from the bottom of a mould, in the 

lower part of a specimen there is no significant change of the bond stress. However, there is a strong 

improvement in the upper part. The phenomenon observed eliminates the top-bar effect. What is more, for 

the rebars situated in the upper part of a specimen, improvements in bond characteristics, such as the bond 

stiffness, bond strength and the effect of the rebar distance from the casting point are all observed in the 

case of casting a mixture from the bottom of a mould.  

1 Introduction  

The most universal and currently most widely used 

construction material is concrete. Although the first 

applications of concrete date back to BCE, the 

development of its production technology has been 

observed to this day. Continuous  modifications make it 

necessary to assess afresh the mechanical properties of 

this material. This is also true of the bond between new 

generation concretes and reinforcement bars.  

New generation concretes include, among others, 

high performance concrete (HPC) and high performance 

self-compacting concrete (HPSCC), which was created 

based on the concept of self-compacting concrete (SCC) 

and HPC. HPSCC is thus characterized by its ability to 

fill a form completely accompanied by venting and self-

leveling with no need for mechanical compaction and by 

a high compression strength as well as high durability. 

Obtaining such properties requires a specific 

composition and proportion of ingredients. The HPSCC 

mixture, as compared to ordinary concrete, has a higher 

content of Portland cement, superplasticizers and 

reactive mineral additives, most frequently in the form of 

silica fume [9-11]. 

The HPSCC mixture exhibits high resistance to free 

water draining and also decreased segregation and 

sedimentation in comparison to the ordinary concrete 

mixture. High quality of the new generation concrete 

mixture causes that the main factors affecting the bond 

between the concrete and reinforcement bars are 

significantly reduced. The rheological properties of the 

HPSCC mixture described here allow a few variants of 

casting into moulds. Casting may be performed either 

from the top or from the bottom of the a mould. It is also 

possible to fill a whole mould from just a single mixture 

casting point.  

In the literature, one can find merely a few works 

dedicated to the problem analysed here [15-19]. Those 

works focused only on evaluating the influence of the 

changes of the bond between reinforcement bars and 

concrete depending on the distance to the mixture 

casting point. Previous work has shown that issues arose 

especially for lower slump-flow values and for greater 

distances from the casting point. It should be noted that a 

descending slope of the final surface in the case of SCC 

has been observed for larger distances from the casting 

point, up to 2.20 m [18], which resulted in a reduction of 

the steel cover. In the case of distances from the casting 

point of up to 1.40 m [17], it was proven that bond 

strengths are higher at the middle bars compared to the 

bars at both extremities. This could be due to the 

uniform mixture in the middle parts of the horizontal 

specimens. The average drop of normalised bond 

strength of the steel bars across the length of the 

specimens was approximately 11%. But there are studies 

available in which no bond loss is evident for distances 

from the casting point of up to at least 1.60 m [15,16]. 

For shorter distances from the casting point, up to 0.90 m 

[19], no evident bond loss was observed.  
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However, no research has been conducted to assess 

the top-bar effect in horizontal specimens with a single 

casting point. What is more, the hitherto studies have not 

analysed the influence of the casting direction in the case 

of a self-compacting mixture – from the top and bottom 

of a mould – on the rebar-concrete bond. Furthermore, 

norm guidelines in this field have been missing.  

2 Scope of research 

The author of this study has attempted to assess the 

change in the concrete bond to steel rebars along the 

lengths of monolithic elements made of HPSCC. 

Specifically, the top-bar effect on the bond variation 

across horizontal specimens was examined. Two variants 

of concrete mixture casting were considered in this 

research: from the top and from the bottom of a form 

with a single casting point at a specimen’s edge.  

In total, 48 cubic specimens were cast and tested at 

the age of 28 days by performing pull-out tests according 

to EN 10080:2005 [23]. Additionally, another 20 cubic 

specimens were tested in order to determine the 

corresponding 28-day compressive strength. 

 3 Experimental program 

3.1 Materials and concrete mixtures 

In this experimental program, a high performance self-

compacting concrete mixture was used. The composition 

of the mixture was developed based on the authors’ own 

experiences and work guidelines [9]. The composition of 

the concrete mixture is given in table 1. Table 2 shows 

the rheological properties of the mixture and the average 

values of the compressive strength obtained for the  

solidified concrete.  

The bond tests were performed for ribbed reinforcing 

bars (B500SP). A bar diameter of 16 mm, representative 

of the so-called mean diameters (10-20 mm), was used 

[23]. 

The mean values of the mechanical properties of the 

reinforcing bars are shown in table 3. 

Table 1. Composition by mass of proposed mix, [kg/m3]. 

Cement CEM I 42.5R  500 

Water  176 

Sand 0/2 mm  790 

Basalt aggregate 2/8 mm 940 

Silica fume  50 

Superplasticizer  6.27 

Water/binder ratio 0.32 

Silica fume level 10% 

Table 2. Details of concrete mixes. 

Slump 

flow 

[cm] 

Slump 

flow 

class 

Slump 

flow 

time 

T50 [s] 

Viscosity 

class 

L-

box 

ratio 

L-

box 

Fresh 

visual 

stability 

index 

Compressive 

strength 

fc 

[MPa] 

Cov 

[%] 

71 SF2 2.5 VS2 0.89 

 

 

PL2 0 91.7 5.4 

Table 3. Mean values of mechanical parameters of reinforcing 

bars. 

Diameter 

 [mm] 

Modulus  

of 

elasticity 

[GPa] 

Yield 

point, 

upper 

ReH  

[MPa] 

Tensile 

strength 

Rm 

[MPa] 

Strain at 

maximal 

force 

Agt 

[%] 

16  202.1 558.1 633.2 13.54 

3.2 Description of specimens 

The experiments were conducted on specimens (160 x 

1600 x 480 mm) with transverse reinforcement bars 

embedded over their heights and across their lengths, 

respectively. The dimensions of the specimens were 

multiples of the basic module recommended by RILEM 

[24] and EN 10080:2005 [23] (10ϕ x 10ϕ x 10ϕ). A 

schematic view of a test element is shown in figure 1. 

 

 

 

Fig. 1. Schematic view of test element. 
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Two variants of concrete mixture casting were 

considered in this work: 

• variant I  - casting from the top of a mould with a 

single casting point at a specimen’s edge, 

• variant II  - casting from the bottom of a mould with a 

single casting point at a specimen’s edge. 

Concreting from the bottom was executed by casting 

the concrete mixture to a specially prepared piping 

routed above the upper level of the mould. The concrete 

mixture filled the mould from the bottom under its own 

weight following the concept of communicating vessels. 

Two series of tests were carried out for each variant of 

concrete mixture casting.  

The specimens produced were next left for 3 days in 

a formwork. After formwork stripping the samples were 

kept in the laboratory in unchanged positions. Before 

tests, the samples were protected against vibrations and 

constantly cared for through water sprinkling. After 21 

days, the specimens were cut into elementary parts.  

3.3 Test methods 

The concrete bond tests were carried out on the bars 

using the RILEM [24] and EN 10080:2005 [23] method 

based on the pull-out test. This is a fundamental method 

for an assessment of the reinforcing bars - concrete 

interaction, which depends on the concrete’s properties 

and the type of the reinforcing bars. The idea is to apply 

a tensile load to a bar anchored in a concrete block. The 

values measured correspond to the force applied to the 

bar and the relative displacement between the steel and 

the concrete.  

The test model adopted allowed for the assumption 

that the strain changes in the steel along the bar’s axis 

were linear. With this assumption in place, the value of a 

bond stress is constant and can be calculated from the 

following formula:  

l

F


 =      (1) 

where:  

F - the force applied, 

ϕ - the reinforcing bar diameter, 

l - the bond section length. 

 

The bond section length in this study was 3ϕ. The 

force applied to a rebar was exerted gradually up to the 

bond failure. Measurements of the displacements of the 

unloaded end of the rebar with respect to the concrete 

were made using two linear variable displacement 

transducers (LVDT). A computer data collection system 

was used. 

In this article, two different representative values of 

the bond stress are adopted. These values are often used 

in the literature regarding the problem under 

consideration. The first value is the ultimate bond stress 

corresponding to a destruction of the rebar-concrete 

bond -  τmax. This criterion is most frequently used in the 

literature as a result of its unambiguous definition [5, 8, 

12-14]. The second representative value commonly 

applied in the literature [4, 16, 20] is the critical bond 

stress corresponding to a slip of a rebar with respect to 

concrete of 0.25 mm – τ0.25. 

In order to compare the results from this work with 

other literature results, a commonly used normalization 

was introduced in which the bond stress is divided by the 

square root of the compressive  strength τ/fc
0.5 [12, 15, 

22].  

4 Results and discussion 

The relation courses of the bond stress-slip (τ/fc
0.5−s) 

curves obtained in this study are presented in figure 2. 

For each of the variants of the study model analysed, the 

τ/fc
0.5 −s relation was formed out of the mean values for 

the results of the tests for two identical elements. Table 4 

shows the values of the critical and ultimate 

representative bond stresses obtained. For all the 

samples, the observed type of the rebar-concrete 

connection destruction was associated with pulling the 

rebar out from the concrete. 

 

 
 

 

Fig. 2. Normalized representative bond stresses vs. slip. 

4.1 Bond-slip curves 

In fig. 2, the normalized bond–slip curves are presented 

for all the pull-out tests conducted on all bars. Based on 

a comparison of the  τ/fcm
0.5−s curves, it can be noted that 

the shape and slope depend on the position of a rebar in a 

concrete element and the mix casting direction. The 

courses of  the bond stress-slip curves are similar to the 

bond functions proposed for high-strength concrete [21] 

(fig. 2). A small difference between the deformability of 
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the HPSCC matrix and the aggregate reduces the 

concentration of stress in the rebar-concrete contact layer 

and increases the homogeneity of the stress distribution. 

Thanks to this, the formation of micro-scratches and 

their propagation are significantly reduced at lower load 

levels.  

The tests have shown that for the bars positioned in 

the lower part of a specimen the direction of concreting 

did not have an important effect on their bond stiffness 

(a change in the bond strain increment relative to the bar 

displacement in concrete). In turn, for the bars situated in 

the upper part of a member, a significant improvement of 

the bond stiffness was observed when casting was 

performed from the bottom of a mould. It should be 

stated that for this concreting variant higher 

representative bond stress values (τ0.25 and τmax) were 

obtained as compared to traditional casting from the top 

of a form.  

Table 4. Representative bond stresses for the rebars of the 

element. 

Rebar 

τmax/fc
0.5 τ0.25/fc

0.5 

Variant 

I 

Cov 

[%] 

Variant 

II 

Cov 

[%] 

Variant 

I 

Cov 

[%] 

Variant 

II 

Cov 

[%] 

T
o

p
 

1 

2 

3 

4 

5 

6 

4.12 

3.92 

3.67 

3.67 

3.57 

3.82 

8.5 

8.2 

11.1 

11.3 

9.4 

9.7 

4.17 

4.50 

4.43 

3.96 

4.12 

4.73 

5.4 

8.1 

11.1 

7.7 

8.0 

10.7 

3.29 

2.96 

2.98 

3.11 

2.81 

3.22 

9.5 

10.5 

9.3 

10.2 

9.1 

10.7 

3.19 

3.68 

3.19 

3.22 

3.35 

3.55 

6.4 

9.1 

6.5 

7.7 

8.1 

9.0 

B
o

tt
o

m
 

1 

2 

3 

4 

5 

6 

4.27 

4.37 

4.07 

3.77 

3.77 

3.97 

7.5 

7.2 

6.4 

10.1 

8.3 

9.5 

3.86 

4.34 

3.96 

4.27 

4.22 

3.87 

5.5 

9.5 

9.2 

6.7 

10.6 

8.1 

3.27 

3.47 

3.28 

2.61 

3.11 

3.33 

8.1 

11.5 

9.5 

11.9 

9.8 

13.6 

3.40 

3.45 

2.83 

2.73 

3.00 

3.09 

9.0 

8.2 

5.8 

5.3 

9.6 

8.1 

 

4.2 Effect of distance from casting point 

The effect of the rebar distance from the casting point on 

the bond was examined by comparing the normalized 

critical and ultimate bond stresses between the 

successive reinforcement bars across the lengths of the 

horizontal specimens. The results are presented in table 4 

and figures 3 and 4.  

The research conducted has shown that casting from 

the bottom of a mould led to an increase of the 

representative bond stress values for the rebars situated 

in the upper part of an element. However, for the rebars 

in the lower part, a change of the casting direction did 

not substantially affect the bond stress values obtained. 

Additionally, an increase of the ultimate and critical 

bond stress was observed for both the lower and the 

upper rebars situated at the edge of an element opposite 

to the casting point. Based on this observation, one may 

conclude that there is a positive effect of extra concrete 

mixing as the concrete bounces off the formwork. 

This work has demonstrated the presence of the 

effect of the rebar distance from the casting point. The 

effect analysed depends on the direction of concrete 

mixture casting. In the case of casting concrete from the 

top, there is a reduction of the ultimate bond stress with 

the distance from the concrete casting point.  

 

 

 

Fig. 3. Normalized bond strength as a function of rebar 

position. 

 

Fig. 4. Bond efficiency ratio as a function of rebar position. 
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The maximum value of the bond reduction obtained 

between the successive rebars across the length of a 

specimen was 12.5% for both the upper and lower 

rebars. The results of the research on SCC presented in 

the literature give a similar bond reduction value, which 

in a 1.4-metre-long element was 11% [17]. In the case of 

casting in the bottom-to-top direction, the opposite 

tendency was observed. There were either no changes or 

an increase of the critical bond stress along a test 

member for both the upper and lower bars. The 

maximum value of the bond increase between the 

successive rebars across the length of a specimen was 

12% and 14% for the lower and upper rebars, 

respectively.  

Similar tendencies can be seen when analysing the 

effect of the distance from the casting point with respect 

to the critical bond stress. It should be stated that for τ0.25 

there is greater result dispersion associated with the fact 

that the effect of bond stiffness changes is taken into 

account.  

4.3. Effect of rebar position over height  

In the experiment performed, the study elements were 

designed to allow an analysis of the rebar position (the 

reinforcement distance from the lower element surface) 

depending on the distance from the casting point. The 

corresponding test results are presented in table 4 and in 

figure 5.  

An inspection of the condition of the concrete surface 

around the reinforcement carried out after the pull-out 

tests revealed the presence of a ‘poor’ bond zone. The 

weakening of the concrete cover registered was present 

especially under the surface of the rebars situated in the 

top layer in the top-down casting scenario. The 

phenomena observed included local weakening of the 

concrete as a result of confinement of air cells under the 

surface of the reinforcement, a formation of voids as free 

water remnants and settlement of a fresh concrete 

mixture. In the case of casting from the bottom of a 

form, the aforementioned phenomena either did not 

occur or occurred on a much smaller scale.  

The change of the ultimate bond stress values 

between the top and bottom specimens  (τtop/τbottom ) was 

clearly dependent on the direction of concrete mix 

casting. In the case of casting from the top of a mould, 

the bond condition became worse with an increasing 

distance from the bottom of the mould. Nevertheless, the 

modified micro-structure and different mechanical and 

rheological properties of HPSCC make the zone of the 

so-called ‘poor’ bond condition reduced. Moreover, its 

influence on the bond is much smaller than in ordinary 

concretes [6, 7]. For the direction of casting under 

consideration, the  τtop/τbottom  ratio was in the range from 

0.9 to 0.97. Meanwhile, casting from the bottom of a 

mould led to a virtually complete elimination of the 

‘poor’ bond condition zone. Additionally, a tendency 

was observed in which higher bond stress was achieved 

in the upper rebars than in the lower rebars. The 

τtop/τbottom ratio was in the range 0.98-1.18.  

From the research that has been carried out, one can 

conclude that the top-bottom bond stress ratio does not 

change significantly with the distance from the concrete 

mix casting point. This is related to a similar change of 

the bond along the element in both its upper and lower 

part.  

 

 
 

 

Fig. 5. Top-to-bottom stress ratio. 

The behaviour of the τtop/τbottom ratio observed in the 

case of the critical bond stress was alike. In the variant of 

casting from the top of a mould, the τtop/τbottom ratio was 

in the range from 0.85 to 1.19, whereas in the bottom-to-

top scenario the τtop/τbottom ratio was in the range 0.94-

1.19.  

The results of the authors’ own experiments 

presented here show that in the case of elements made of 

high-quality concretes containing fine materials, such as 

silica fume, the difference between the bond condition of 

the upper and lower rebars disappears. What is more, it 

is possible to achieve a better quality bond for the upper 

rebars as a result of casting from the bottom of a mould. 

Based on a comparison of the changes of the bond 

condition in the specimens studied in this project with 

the guidelines given in the current regulations [1-3], one 

may conclude that it is purposeful to define new criteria 

for the assessment of the bond condition for high-

performance self-compacting concretes by taking into 

consideration the direction of concrete mix casting. 

4.4. Effect of casting direction 

An analysis of the courses of the bond functions, the 

values of the bond stress obtained both along and across 

the horizontal specimen, show a positive influence of 

casting from the bottom of a mould on the rebar-concrete 
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bond phenomenon. As the main cause of the positive 

impact of bottom-up casting, one may point towards 

more effective self-venting and self-compacting of the 

mixture. This leads to a decrease of the number of air 

cells in the rebar-concrete contact layer without limiting 

the settlement of the mix under the upper rebars. Casting 

a concrete mixture from the bottom causes that the first 

layer is lifted up and spreads along an element. The final 

top layer of concrete has thus enough time to vent and 

compact itself. The concrete cover formed in this way 

under the rebars in the upper part of the specimen is 

characterized by better quality than in the case of 

traditional casting from the top of a mould. A lack of a 

clear influence of the casting direction on the bond 

behaviour of the rebars situated in the lower part of the 

element additionally supports this hypothesis.  

 5 Conclusions 

The main problem considered in this work is the effect 

of the direction of HPSCC mix casting on its bond to 

rebars. The following conclusions can be drawn from the 

results of the research presented earlier in this article:  

• Bond characteristics: bond stiffness, ultimate and 

critical bond strength, effect of the rebar distance 

from the casting point show an improvement for the 

rebars situated in the upper part of an element in the 

case of casting the mix from the bottom of a mould. 

This casting variant leads to an effective removal of 

air cells from the rebar-concrete contact layer and 

limits the mixture settlement under the upper rebars.  

• In the case of casting from the top, there is a 

reduction of the ultimate bond stress with the distance 

from the concrete casting point. In the author’s 

experiment, the maximum bond reduction value 

between the successive top and bottom rebars across 

the length of the specimen was 12.5%. In the case of 

casting the concrete mix from the bottom of a mould, 

there were either no changes or there was an increase 

of the ultimate bond stress with the distance from the 

casting point. The value of the maximum bond 

increase between the successive top and bottom 

rebars across the length of the specimen was 13%. 

• The quality of the bond condition does not change 

significantly with the distance of samples from the 

concrete mixture casting point. Concreting from the 

top of a mould leads to a reduction of the bond 

between the top and bottom specimens across the 

specimens. In the experiment discussed in this work, 

the top-bottom bond stress ratio was in the range 

0.90-0.97. Concreting from the bottom of the mould 

leads typically to a higher bond stress in the upper 

rebars comparing to the lower rebars. In the tests 

performed by the authors, the top-bottom bond stress 

ratio was in the range from 0.98 to 1.18. Concreting 

from the bottom of a mould eliminates the top-bar 

effect.  

• It is advisable to establish new criteria for the 

assessment of the bond condition in high performance 

self-compacting concretes taking into account the 

direction of concrete mixture casting.  
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