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Past research has introduced some methods to improve shear 
reinforcement of reinforced concrete (RC) members.  Those 
include cutting the adhesive force of the main RC rebar and 
embedding a plate or other artificial crack-inducing material so 
as to control crack development direction.1) 2) 3)  But, we found 
it difficult to appropriately apply those methods to actual 
structures.

We thus checked the shear capacity and failure form of RC 
beams having internal parts of higher tensile strength (“higher 
strength part”) with an aim of improving shear capacity of 
beams and the like having smaller shear-span ratios without 
dense arrangement of tie hoops.  Specifically, we cast concrete 
to make samples where a higher strength part of aggregate and 
resin inside is placed in the mold used for making the RC beam 
samples (“samples”).  Next, we carried out flexural loading tests 
to check the shear capacity and failure form of the samples.  The 
test results revealed that samples with such higher strength parts 
inside show deformation behavior with two peak loads.  This 
article will cover the details of the study.

Testing Method2
2.1 Outline of Loading Tests
We applied concentrated loads to two points in the middle of 
a simply supported span.  The loading and support points are 
shown in Fig. 1.

Introduction1 2.2 Details of Samples
Table 1 shows the specifications of the samples, and Fig. 1 shows 
the shape and dimensions of the samples.  We used three samples, 
including one sound sample.  The variable parameter was the size 
of the sample cross section occupied by the higher strength part, 
while the shear span longitudinal length of the higher strength 
part and cross section height were kept constant.  At an effective 
beam height of 420 mm, we located three D32 (SD345) rebars 
as the rebars in the tensile direction and two D13 rebars in the 
compressive direction.  For shear reinforcement, we located 
D13 rebars at 85 mm intervals within the shear span on the side 
opposite the higher strength part.

2.3 Details of Measurement
Main measurement items in the loading tests were rebar strain in 
the axial direction within the shear span, strain of the RC or in 
the higher strength part, strain of the shear reinforcement bars, 
loads, and displacement at the center of each sample.  Strain 
gauge positions are shown in Fig. 1.  In order to measure the 
strain in the higher strength part, we embedded in each sample 
acrylic resin bars with strain gauges.  Those bars were located at 
the center of the cross section of the sample.  As shown in the 
diagrams of the sample profiles, the locations were also within 
the shear span on the left side and symmetric to the tie hoops 
on the right side of the sample.  Each acrylic resin bar had three 
strain gauges attached at even vertical intervals.
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Sample

No.

Cross
section

b(mm)

Height

h(mm)

Effective
height

d(mm)

Shear span

a(mm)

Shear-span ratio

a/d

Part of higher tensile strength

B/b H/h

Tensile
reinforcement

ratio
Tensile

reinforcement

Diameter -
Number

%

300 500 420 1,050 2.5 D32 - 3150 mm × 346 mm

60 mm × 346 mm

Width (B) X Height (H)

-

0.5

0.2

-

0.69

-

1.89

1

2

3

Table 1  Specifications of Samples
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3.2 Method of Resin Filling
We produced samples for the higher strength part by filling the 
mold cans containing aggregate explained in 3.1 with resin.  We 
also confirmed that void in the aggregate was sufficiently filled 
simply by pouring resin from the surface.  The resin used was 
low-viscosity epoxy resin that is often used to fill cracks.  We 
poured the resin from the edge of the circular cross section of the 
mold can so as to let air escape from the other end.  We checked 
the resin filling rate by comparing the volume of the actually 

Component Tests3
The higher strength part was produced using aggregate and 
high tensile strength resin.  Before production, we carried out 
component tests.  The samples for the component test were made 
in mold cans of 100 mm diameter and 200 mm height filled with 
resin after being filled with aggregate so as to make the porosity 
equal between the samples.

3.1 Aggregate
To decide the volume of aggregate to be used for the higher 
strength part, we filled a mold can of 100 mm diameter and 
200 mm height with aggregate and measured the solid content.  
Fig. 2 shows the grain size distribution of the aggregate used.

The measurements proved that samples of approx. 40% 
porosity can be made with the aggregate used this time without 
any changes.  We thus decided to apply that porosity.  Also, to see 
the effect the particulate on the surface of the aggregate has on the 
adhesive force between the resin and the aggregate, we produced 
samples using aggregate washed in water and not washed.

Position of cross section

Higher strength part

Acrylic resin bar

Samples No. 2 and 3 (profile)

Sample No. 1 (profile)

 Sample No. 2 (cross section) Sample No. 3 (cross section)Sample No. 1 (cross section)

Loading 
position

Shear span = 1050 Shear span = 1050Loading width = 500

Loading 
position

Shear span = 1050

Setup bar

Setup bar

Shear span = 1050Loading width = 500

Acrylic resin bar

Setup bar

Setup bar

Acrylic resin bar

Setup bar

Setup bar

Acrylic
resin bar

Grain size curve

Nominal mesh size of screen (mm)

Fine
aggregate

Coarse
aggregateP

en
et

ra
tio

n 
(%

)

Tray

Fig. 1  Shape and Dimensions of the Samples

Fig. 2  Grain Size Distribution of Aggregate Used
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filled resin with the volume of the resin needed to fill the void.  
The latter was calculated in advance based on the specific gravity 
of the resin.  Table 2 shows the measurement results for the resin 
filling rate.  The filling rate was a weight ratio of 0.98 to 1.02, 
proving that void of each sample was almost 100% filled with 
resin.

3.3 Material Strength Check Tests
We carried out compressive and tensile strength tests with the 
samples produced in the manner explained in 3.1 and 3.2.  
Table 3 shows the test results.  Both the samples using washed 
and unwashed aggregate delivered similar results in terms of 
compressive and tensile strength, and the samples showed 
strength that was approx. twice that of ordinary concrete strength 
(for example, compressive strength of 27 N/mm2 and tensile 
strength of 3.4 N/mm2).  We therefore determined that the 
production method for the higher strength part is appropriate.  
Fig. 3 and 4 are photos of the samples after testing.

3.4 Production Method for Samples
Based on the results of the material strength check tests mentioned 
in 3.3 above, we produced the higher strength part of samples 
using unwashed aggregate by pouring resin from the surface.  We 
first made the higher strength part alone.  After confirming that 
the resin had hardened, we set that part in the mold can and 
then cast concrete to produce the sample.  With samples made in 
this way, the rectangular surface of the higher strength part was 
smooth and had almost no adhesion to the concrete.

Test Results4
The strength of the material used for the samples, results for each 
measurement item, and the failure of the samples are as follows.

4.1 Material Strength
Table 4 shows the mix of the concrete used for the samples, and 
Table 5 shows the strength test results of each of material used.  
The compressive strength of a test piece of ordinary concrete is 
26.9 N/mm2 and tensile strength 2.51 N/mm2.  On the other 
hand, the compressive strength of the test piece of the higher 
strength part was 65.2 N/mm2 and tensile strength 5.98 N/mm2, 
both being approx. twice that of ordinary concrete.  Calculating 
the elastic coefficient from the compressive test results, the 
coefficient of ordinary concrete was 28.1 N/mm2 and of the 
higher strength part 15.7 N/mm2.

Sample
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Fig. 4  Samples after Tensile Strength Tests

Fig. 3  Samples after Compressive Strength Tests

Table 2  Measurement Results for Volume of Filled Resin

Table 3  Strength Check Test Results

Standard
strength W/C Ratio of fine

aggregate Gmax Water: W Cement: C Sand Gravel: G Air volume

Table 4  Concrete Mix Table
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4.2 Strain of the Main Rebar
Fig. 5 shows the relation between the load and the strain of the 
main rebar.  All samples showed the same tendency and did not 
reach the yield strain, while strain of up to 1,860 µ occurred with 
sample No. 1 and of up to around 1,300 µ and 1,500 µ with 
sample No. 2 and No. 3 respectively.

4.3 Strain of Gauge Attached to Acrylic Bars
Fig. 6 shows the relation between the load and the strain on the 
gauge attached to the acrylic bars.  With sample No. 1, tensile 
strain occurred at the point 337.5 mm from the center of the 
sample (upper gauge), at 547.5 mm (middle gauge), and at 
717.5 mm (bottom gauge).  Those points largely matched the 
points where diagonal cracking occurred.  With samples No. 2 
and 3, we found tensile strain of around 400 µ, with no major 
difference between the measurements at each position.  Fig. 6 
shows the results for one of the five measuring locations: at the 
point 717.5 mm from the center of the sample, the middle of 
the shear span.  For sample No. 2, only the data obtained up to 
failure is shown.

4.4 Details of Failure Behavior
The failure behavior of each sample are as follows.

4.4.1 Sample No. 1
Fig. 7 shows the load-displacement relation and a photograph 
taken in the tests.  Flexural cracking occurred with 120 kN 
loading, and diagonal cracking occurred with 250 kN loading.  
Cracking extended diagonally to beneath the loading point, 

and horizontal cracking extending from that occurred along the 
lower axial bar with 300 kN loading.  Then, the diagonal and 
horizontal cracking developed further.  With 400 kN loading, 
the end of the diagonal cracking changed direction horizontally 
to beneath the loading point, and cracking along the axial bar 
increased.

The diagonal cracks subsequently became increasingly 
widened.  With 500 kN loading, cracking occurred on the shear 
span side under the loading point.  The first diagonal crack was 
widening greatly, the upper surface of the concrete between 
the loading points began to crush, and finally the sample was 
damaged by compressive shear.  The load at which damage 
occurred was 623.5 kN loading.

4.4.2 Sample No. 2
Fig. 8 shows the load-displacement relation and a photo taken 
in the tests.  The width of the internal higher strength part was 
150 mm, with a value of b/2 in relation to the cross section of 
the material.

After starting the test, flexural cracking occurred at 
80 kN loading and diagonal cracking at 170 kN.  Then, diagonal 
cracks quickly ran through the shear span to beneath the loading 
point.  With 340 kN loading, cracking occurred on the shear 
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Fig. 5  Relation between Load and Strain of Main Rebar

Fig. 6  Relation between Load and Strain for Acrylic Resin Bar Gauge

Fig. 7  Testing of Sample No. 1
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span side under the loading point too.  With 380 kN loading, the 
diagonal cracks ran through the concrete to the top surface, and 
the load reached the first peak load (Fig. 8, a).  The load increased 
with continued loading, even though it temporarily dropped.

The first diagonal cracks became increasingly wider to approx. 
40 mm, revealing the surface of the higher strength part inside 
the sample.  A gap between that part and the concrete was 
formed, and we visually confirmed that adhesion of the part to 
the concrete was completely lost.

With 350 kN loading, cracking along the axial bar extended 
beyond the support point.  In the middle of that extension, 
adhesive fracturing occurred on the cover concrete of the 
lower rebar.  That caused concentration of force on the rebar 
anchorage, resulting in cracking at the rebar anchorage outside 
of the support points with 450 kN loading.  The load increased 
up to the second peak load of 522 kN (Fig. 8, b).

Then, as the load decreased, horizontal cracking between the 
loading points developed, causing fracturing of the concrete of 
the rebar anchorage outside of the support points.  We continued 
loading up to 400 kN, but we had to suspend the test because the 
fracture was getting wider while the load was gradually dropping.

Final failure was considered to be compressive shear failure.  
The reason for that consideration includes the fact that, looking 
just at the outer concrete, the upper concrete on the shear span 
side was greatly peeled off and compressive fracturing occurred 
on the upper surface of the concrete between the loading points 
and also the fact that the axial rebars did not yield.  Chipping 
the outer concrete after the test, we visually confirmed that no 
cracking or other damage occurred with the higher strength part 
inside the sample.  As for maximum load, there is a possibility 
that the load could not increase any further because fracturing 
occurred due to insufficient anchoring of the rebar outside of the 
support points.

4.4.3 Sample No. 3
Fig. 9 shows the load-displacement relation and a photo taken 
in the tests.  The width of the internal higher strength part was 
60 mm, with the a of b/5 in relation to the cross section of the 
material.

Flexural cracking occurred with 90 kN loading and diagonal 
cracking with 210 kN loading.  The situation thereafter was 
similar to that of sample No. 2 with cracking on outside of the 
loading points with 400 kN loading and diagonal cracking going 
through and the first peak load being observed with 453 kN 
loading (Fig. 9, a).  The load increased with continued loading, 
even though it temporarily dropped.  Cracking along the axial 
rebar extended beyond the support points, and the width of 
the diagonal cracks reached 60 mm.  The load recovered up to 
443 kN (second peak load: Fig. 9, b), but compressive fracturing 
began on the upper concrete between the loading points with 
426 kN loading.  Then the load gradually dropped, and the cover 
concrete of the axial rebar completely spalled.  We suspended the 
test with 383 kN loading because the load tended to gradually 
drop while no sharp fall was observed.

Sample No. 3 showed deformation behavior similar to that 
of sample No. 2.  However, the second peak load with sample 
No. 3 did not increase as with sample No. 2.  This would be 
because the part could not bear the tension as the width of the 
higher strength part within was 60 mm (b/5), smaller than that 
of sample No. 2.  The deformation with sample No. 3 was larger, 
the concrete on the shear span side under the loading point 
greatly bulged, and the upper rebar was also bent upward greatly.

Visually checking the internal higher strength part after 
the test, we found cracks at the points 70 mm, 800 mm, and 
1,020 mm from beneath the loading point in the direction to 
the support point on the upper side of the higher strength part 
(Fig. 9, circled) and also above the support point.  We presume 
that those cracks occurred because large tension was applied to the 
upper side of the higher strength part due to large deformation 
of material.
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4.5 Assessment of Test Results
In assessment of the test results, we assumed that the calculation 
formula of shear capacity of ordinary concrete could be applied 
to the higher strength part too because the strength ratio and 
fracture characteristics of the test pieces for the compressive and 
fracture test results were similar to those of ordinary concrete.  
This was despite the difference between cement paste and resin.

Table 6 lists the test results (the maximum load is the load at a 
single point) and the calculated shear capacity.  The shear capacity 
was calculated using shear capacity calculation formulae 14)  
and 2 5) of Table 6 due the fact that a/d of the samples was 2.5 
and to the situation of occurrence of diagonal cracking.  In the 
calculation, we applied the cross section width of the samples and 
the compressive strength of concrete, assuming that the whole 
cross section was of concrete.

The maximum load in the tests was approx. twice the 
calculated value with sample No. 1, and it was 1.2 to 1.5 times 
larger than the calculated values with samples No. 2 and 3.  As 
those maximum loads did not agree with the calculation results 
from the formulae for finding Vc1 and Vc2 in Table 6, we reviewed 
the shear capacity calculation formula that was used to assess the 
test results.  In the review, we divided the shear capacity into 
shear capacity applied to the cross section of the concrete and 
shear capacity applied to the cross section of the higher strength 
part.  This was done because of the cracking situation and the 
two peak loads with samples No. 2 and 3.

Table 7 shows the calculation results from the reviewed 

formula.  We calculated again using formula 2 that delivered 
results more approximate to the actual test values and formula 3 in 
Table 3 6).  With samples No. 1, 2, and 3 in Table 7, we calculated 
using the cross section width and strength of the concrete, and 
with samples No. 2’ and 3’ using the cross section width and 
strength of the higher strength part.  The effective height and 
the tensile reinforcement rate were the original values.  The 
maximum load with No. 2 and 3 was the first peak load and with 
No. 2’ and 3’ the second peak load.

In this review of calculation of shear capacity, we confirmed 
that the results of formula 3 are nearest to the actual test results.

Conclusion5
The conclusion of this study7) is as follows.
(1)  With the samples of shear-span ratio a/d 2.5, the shear capacity 

of the samples that had an internal higher strength part came 
short of that of the samples made of concrete alone.  This is 
assumed to be because the internal higher strength part was 
not sufficiently integrated to the surrounding concrete, so the 
shear capacity could not be increased.

(2)  The samples having an internal higher strength part showed 
deformation behavior with two peak loads.  The first peak 
load is the shear capacity applied outside the concrete around 
the higher strength part and the second peak load is the shear 
capacity applied to the internal higher strength part.  Each 
peak load could be estimated using formula 3.
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Sample Test resultCalculation result

1, 2, 3: Calculated from strength and width of concrete
2’, 3: Calculated from strength and width of higher strength part

(Formula 3)

Sample Calculated using
shear capacity formula

Maximum
load

(Formula 1)

(Formula 2)

Table 6  Test Results and Calculated Shear Capacity

Table 7  Results of Shear Capacity Calculation Review




