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Summary

Shear tests have been carried out for two series of reinforced concrete beams: 9 regular beams
(b-h=150-250mm) with 0, 10 and 20 kg/m> high performance composite macrofibers (3 beams
each) and 6 shallow beams (b-h=360-180mm) with 0 and 10 kg/m? fibers (3 beams each). The
applied high performance composite macrofiber is made from basalt fiber reinforced polymer
wires. In this report they are denoted ReforceTech MiniBarsTM (RMB). The test results
showed that the Minibars work well as shear reinforcement and that the shear capacity increases
significantly compared to the reference beams without fibers. Considering the shear crack
development, it was observed that when the 1st diagonal crack developed, the final shear failure
occurred instantly for the reference beam. On the other hand, when the 1st diagonal crack
developed in the fiber-reinforced beams, parallel cracks started to develop, and the load was
significantly increased before the final failure occurred. The experimental shear capacities were
compared to values calculated according to NB 38 (Norwegian Concrete Association
Publication) and Annex L of the new Eurocode 2 (FprEC2:2022) assuming that the rules for
steel fibers also hold for the high-performance composite fibers. Because all experimental
values were significantly greater than the calculated ones using characteristic values for the
material parameters, it is concluded that the formulas used for design of steel fiber concrete also
can be used for the applied fibers (Minibars).
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Summary

A series of laboratory full-scale tests were carried out to investigate the shear behavior of the
beams with and without a high performance composite macrofiber made from basalt fiber reinforced
polymer wires. In this report they are denoted ReforceTech MiniBarsTM (RMB). The main purpose
of the project is to assess the performance of the RMB as shear reinforcement in concrete beams
without traditional shear reinforcement. The main objective is to investigate the applicability of the
calculation methods for shear capacity of fiber-reinforced concrete members according to NB 38
and Annex L of FprEC2:2022, which previously only are verified for steel fibre concrete.

In total 15 beams were cast at the laboratory at NTNU-Gjgvik and tested in the corresponding
laboratory at NTNU-Trondheim. Nine regular beams (RB) with dimension bxhxL=150x250x2850
mm were made with 0, 10 and 20 kg/m?3 Minibars (3 beams of each), while 6 shallow beams (SB)
with dimension 360x180x2850mm were made with 0 and 10 kg/m® RMB (three beams of each).
The material properties, including compressive strength and the flexural tensile strength, were also
measured. All the beams were tested under four-point bending tests until shear failure occurred. In
addition, air content of the fresh concrete was measured, and the slump flow test was performed to
characterize the fresh concrete consistency.

According to the test results, the addition of 10 kg/m® RMB in concrete beams significantly
improve the structural behavior of the beams, and the shear capacity increased by 70% and 17% for
the normal beams and the shallow beams, respectively. However, the further improvement in shear
capacity is marginal by increasing RMB content from 10 to 20 kg/m?. Regarding the development
of cracks, the incorporation of RMB can not only delay the initiation of cracks, but also change the
crack pattern: after the 1st diagonal crack develops, multiple parallel diagonal cracks occur in the
shear zone, and this significantly slows down the development of the main diagonal crack, and at
the same time leads to greater energy absorption capacity of the beams. From the results of the
theoretical calculation based on the formulas given by NB 38 and the Annex L of FprEC2:2022
draft, using RMB as shear reinforcement instead of the traditional stirrups can meet the design safety

requirements for the tested concrete beams, with an acceptable safety margin.



Content

3 S 151 e Yo 111 4 oY PPN 5
2. EXPerimental Program.......ccciiiiiieeiiiiieeiiiiineiiiieseiiiiesssiiiesssssiisssssstiesssssssessssssssnsssssssnsssssssnssas 6

0 A O Y Lol =1 1= 1 11 e L= Lo DO SR 6

2.2 CONCIELE PrOPEITICS. ...veveveeeeeeeeiiieeeeeeeeeeeeiitteee e e e e ss sttt e e e e e ssssasbtbteeaeessssassstbasaessssssassstseeasssssssassssnasesennns 7

I o [=To [ A=K o) LT T KOS 9
3.  Experimental results for the Beams.....c. e iieeirieiiiiciiccrc et crenerreeerene e ren e senseesnnsesnnnerenns 10

3.1. (oo Lo Bto =] i =tor Lo g I ol oY = RS 10

3.2. Crack development in beams during the SNEAr tESt ...........ccccueeeeeceeeeeeceeeeeiiee et ecceaa e 13
4. Verification of shear capacity according to FprEC2:2022 draft.......cccccorreeeniirreeecirreeencsneecencesnennnes 15
TR o T o 1] 11T Y o L3 PPN 18
REFEIENCES ..cevveeriiiiiiiiiietiiiiiieiiiereeaessistitreesssessssisstttesssssssssssssteesssssssssssssssesssssssssssssseessnsssssssssssssssnnes 19
Appendix A: Raw data of compressive strength test (Cubic SAMPIES) ...cccuueirreeeiiiieeeiciiieererrreecceeeeeee, 20
Appendix B: Raw data of 3 point bending test of beams .......cce.ciiieeeiiiiiciiir e e 20
Appendix C: Raw data of shear test of beams.......cce. e re e s s e e e e s e e nenas 22
Appendix D: Specification of Minibar provided by ReforceTech .........cooeeueiirireiiiiiicirreccrrreecceeeeeee, 25
Appendix E: Datasheet of standard FA Ce@mMeNt ..........ooieeeeiiiiieeiiiiieceiciiieceeeireceeeseenenesseenesesseennssssennnes 27
Appendix F: Calculation of shear capacity based on FPrEC2: 2022 ........ccccceeuuireenerenncernnerenncerensrennersnnens 28



1. Introduction

Fiber reinforced concrete has gained increased attention in recent years due to its potential for
optimizing the use of concrete with regards to economy and environmental footprint. This increased
focus has amongst others influenced the revision of Eurocode 2 [1], which will be published in the
near future, to include Annex L focusing on design of steel fibre concrete structural members. In
line with this revision, the Norwegian Concrete Association’s publication No. 38: Fiberarmert
betong i baerende konstruksjoner (NB38) (In Norwegian) [2], has also been updated. While the rules
in Eurocode 2 Annex L are strictly limited to steel fiber reinforced concrete, NB 38 is open to other
types of fiber when the applicability for this type of fiber can be demonstrated.

In terms of environmental impact throughout the production and application processes, the
applied high performance composite macrofiber made from basalt fiber reinforced polymer wires,
Is sustainable and regenerative. The applied macrofibers, in this report denoted ReforceTech
MiniBarsTM (RMB), have shown potential to be a good alternative to conventional steel and
synthetic fibers due to their durability, high temperature resistance, low cost and high tensile
strength. But there is still a lack of documentation on the shear performance of structural members
reinforced with such fibers. Therefore, the main purpose of this project is to assess the performance
of RMB as a substitute for conventional shear reinforcement in beams and to investigate whether or
not the shear formulas for steel fiber reinforced concrete according to NB 38 and Annex L of the
new Eurocode 2 (FprEC2:2022) [1] may be used to design the shear resistance of concrete members
reinforced with RMB.

The report presents the experimental and theoretical results achieved in the project: Shear Test
of Beams Reinforced with Mineral Fibres, which was carried out by NTNU, Department of
Manufacturing and Civil Engineering (NTNU, Gjevik) and NTNU, Department of Structural
Engineering (NTNU, Trondheim) for the client: ReforceTech AS (Org.nr: 957577067). The formal
responsibilities related to the project are in accordance with standard NTNU-contract signed by the
parties for “Oppdragsfinansiert aktivitet” dated 13.11.2023.

The experiments are also described and evaluated in the theses of the master students Fjeldstad
and Lee [3] and Hammer [4] who joined the experimental program. Further details may be found

and those references.



2. Experimental Program

2.1 Concrete mix design

The concrete mixtures were prepared with a water-to-binder ratio of 0.53 applying Standard FA
cement (CEM I1/B-M 42,5 R) and silica fume: Microsilica 920D. Natural sand was selected as fine
aggregate with a particle size ranging from 0-8 mm, while the size of the coarse aggregate was
between 8 and 16 mm. Tap water was used for both casting and curing.

The planned concrete quality was B35, according to the standard EN206:2013. The applied high
performance composite macrofiber, denoted ReforceTech MiniBarsTM (RMB), are made from
basalt fiber reinforced polymer wires, and is type ‘3 43 32°, where 3 is the generation number, 43 is
the length in mm, and 32 is the pitch length in mm. The mix designs for each 100 liters of concrete

with different contents of basalt Minibar are shown Figure 1.

|Materialer Materialer

kg/m® kg/m’
Norcem Standard FA 3334 Norcem Standard FA 3337

00 00

0,0 0.0

Elkem Microsilica 175 Elkem Microsilica 17,6

LEIkem Microsilica 0,0 |Elkem Microsilica 0.0

Normineral flyveaske 0,0 Normineral flyveaske 0.0

Normineral flyveaske 0,0 Normineral flyveaske 0.0

Slagg 0,0 Slagg 0,0
Fritt vann 186,2

::?o:::: vann 1:io e Absorbert vann 6.0
Ardal 0/8 mm nat. vask 118838 Ardal 0/8 mm nat. vask. 11795

Ardal 0/2 mm nat. vask 0,0 Ardal 0/2 mm nat. vask 0.0
Ardal 8/16mm 625,5 Ardal 8/16mm 620,6

Ardal 16/22 mm 0,0 Ardal 16/22 mm 0,0

00 00

00 00

0,0 00

0,0 00

00 00

00 00

Mapei Dynamon SR-N 3:5 Mapei Dynamon SR-N 35

00 00

0,0 00

00 00

MiniBars S5mm 0.0 MiniBars 55mm 105

00 0,0

Materialer
ke/m’

Norcem Standard FA 3453

0.0

00
Elkem Microsilica 182
Elkem Microsilica 0.0
Normineral flyveaske 00
Normineral flyveaske 0.0 X
Slagg 0,0 X
Fritt vann 1927 0
Absorbert vann 59 g 2% |
Ardal 0/8 mm nat. vask 11516
Ardal 0/2 mm nat. vask 00
Ardal 8/16mm 606,0
Ardal 16/22 mm 0.0

00

00

0.0

00

00

0.0
Mapei Dynamon SR-N 47

00

00

0.0
MiniBars S5mm 210

0.0

(c) Concrete with 20 kg/m* RMB (B-20)
Figure 1 Concrete mix dsign. a) Without RMB; b) 10 kg/m*® RMB; ¢) 20 kg/m* RMB



2.2 Concrete properties

The slump flow test was conducted to estimate the flowability of the fresh concrete mixture and
the air contents of the fresh concrete mixes were measured. The pictures of the fresh concrete during
the slump flow tests are presented in Figure 2. The results of the slump flow tests, and the air content

of the fresh concrete are also given in Table 1.

o ,“:i"‘;

Figure 2 Pictures of slump test for the concrete with different contents RMB.

Table 1 Results of the slump flow test and air content of the three mixes

Flb(ekrg(;?nr:;ent o Spread o Density (kg/m3) Air content (%)
0 2.62 53 2379 2.15
10 35 52 2343 1.0
20 2.29 52 2360 1.48

. Three 100 mm cubic specimens of each concrete mixture were produced in order to determine
the cube compressive strength at 28 days. The results are summarized in Table 2.



Table 2 Compressive strength (results from 100 mm cubes reduced by 20% to achieve cylinder strength) of

the three mixes.

Blanding  f.,[MPa]

fe [IMPa]  Cast date Test date

0 kg/m’ 46.3 38.3 12.03.2024 09.04.2024
10 kg/m? 49.4 41.4 20.03.2024 17.04.2024
20 kg/m? 48.2 40.2 23.04.2024 21.05.2024

*f, = f,, —8MPa

The residual flexural tensile strengths of the concretes with different contents of RMB were

measured according to the three-point bending test in NS-EN14651 [5]. For each concrete mix 6

center-notched beams with dimensions of 150 x 150 x 600 mm were cast. The flexural tensile

strength- crack mouth opening displacement (CMOD) curves are shown in Figure 3 for the two

concretes reinforced with RMB. The results for all three concretes are summarized Table 3.
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Figure 3 Stress-CMOD curves for the concrete with different contents of basalt Minibar.

Table 3 Residual flexural tensile strength (according to NS-EN 14651) of the three mixes.

fct or fct,L fR,I

Specimen

Sr2 Sr3 Jr4

Mean Char. Mean Char, Mean Char, Mean Char. Mean Char.

B-0 4.80 433 -

B-10 450 3.63 448 345 512 421 458 406 397 3.6l
B-20 482 430 578 426 6.19 520 556 452 502 4.08

*Char. = Characteristic value; The unit in the table is MPa; fc is the tensile strength for plain concrete (B-0); fe,.
is the flexural tensile strength at limit of proportionality for concrete with BCF (B-10 and B-20).

Char. value=Mean value-1.64-standard deviation



2.3 Shear test of beams

Two different beam geometries, and in total 15 beams designed for shear test were produced in
the laboratory at NTNU-Gjgvik and tested in the corresponding laboratory at NTNU-Trondheim.
The beams and the test set-up are presented in Figure 4.

Nine regular beams (RB), with cross section of 150 x 250 mm as shown in Figure 4 (a), were
made with 0, 10 and 20 kg/m® RMB (3 beams of each mix), while 6 shallow beams (SB), with cross
section of 360 x 180 mm as shown in Figure 4 (b), were made with 0 or 10 kg/m® RMB (also three
beams of each mix). All the beams had a length of 2850 mm. The regular beams had a bw/d value
of 0.7, where by is the width of the beams and d is the effective depth of the beams, while the
shallow beams had a bw/d value of 2.45. The bar reinforcement used in this project was BSO0ONC,
according to the Norwegian standard NS 3576-3 [6] with characteristic yield strength of 500 MPa
and a characteristic ultimate strength of 600 MPa. There are no shear reinforcements in the shear

zone of the tested beams. The details are summarized in Table 4.
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Figure 4 Beam layout and the test set-up. a) Regular beam (RB), b) Shallow beam (SB).
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Table 4 Details of the tested beams

Dimensions (mm) Reinforcement Fiber
Beam a/d bw/d content
L by h As pL%

(kg/m’)
RB-0 150 250 3 0.7 3P16 1.88 0
RB-10 150 250 3 0.7 3016 1.88 10
RB-20 2850 150 250 3 0.7 3016 1.88 20
SB-0 360 180 3 2.45 5020 2.7 0
SB-10 360 180 3 2.45 5920 2.7 20

L: length of the beams; bw: width of the beams; h: total heigh of the beams; a: horizontal distance
from support to loading point; d: effective height of the beams.

3. Experimental results for the beams

3.1. Load-deflection curves

The load-deflection curves from the shear test are shown in Figure 5 for the different beams. The
deflections were measured by LVDT at the mid span. The RB-0 beams (without fibres) failed to
carry increased load after the rapid shear crack development, and therefore shear failure occurred
immediately afterwards. The average maximum load for the RB-0 beams was 92.4 kN and the

average deformation at failure was 8.51 mm.

10



For the regular beams with 10 kg/m® RMB, a small drop in load was observed over a short period
between 128 and 144 kN probably due to diagonal cracking, after which the load increased further
until maximum load was reached. The average maximum load of the RB-10 beams increased to
156.3 kN, 70% higher than the RB-0 beams. The shear capacity of the regular beams was therefore
greatly improved by adding 10 kg/m? basalt Minibar.

The RB-20 Beams (20 kg/m®* RMB) showed a similar behavior as the RB-10 beams. The in
creased deformation of the beams with RMB implies that the energy absorption capacity of the
beams was enhanced, and the beams exhibited considerably better ductility behavior than the beams
without RMB. Although the increase in content of RMB is the same as from RB-0 to RB-10, the
improvement of the shear capacity of RB-20 is not large. The average mid-span deflection of RB-
10 and RB-20 beams were 15.4 mm and 15.2 mm, respectively and the average maximum load of
RB-20 was only 7.3% larger than for the beams RB-10. For the mix with 20 kg/m® RMB it was
observed during the casting that the fibers had a tendency to lump together and form balls during
formwork filling (fiber balling). After the failure of beams, the congestion or balling of RMB in the
beams could be seen for RB-20 as shown in Figure 6. This fiber balling will have a detrimental
effect on the bonding between the RMB and the concrete matrix, lowering the post cracking strength
and therefore also the shear performance of the beams. Since coarse aggregate occupies the
dispersion space for fibers, it has been revealed that reducing the amount and the maximum size of
coarse aggregate can alleviate the fiber balling behavior [7].

The performance of the fiber reinforcement in the shallow beams (SB) was different compared
to the regular beams (RB). Only 17% increase in the average maximum load was observed after
adding 10 kg/m® RMB in the shallow beams, which is considerably lower than for the regular beams.
In general, the shallow beams even without stirrups are not so susceptible to shear failure [8, 9] as
the rectangular beams. A second reason for the smaller improvement of shear capacity in the shallow
beams by adding RMB is that the tensile reinforcement ratio in the shallow beams is higher, reaching
3.07%. This higher reinforcement ratio was adopted to ensure that the shear failure would occur in
the test. The average mid-span deformation of SB-10 beams at ultimate load was increased by 16.9%

compared to that of SB-O0.

11
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Figure 5 Load-deflection curves of the beams: (a) regular beams (RB); (b) shallow beams (SB)



Table 5 Results of the experimental shear capacity

Average maximum applied load for

Beam ID
the three tests of each beam type (kN)
RB-0 92.4
RB-10 156.3
RB-20 167.7
SB-0 366.6
SB-10 429.2

() (b)
Figure 6 Observation of balling of RMB during casting and after failure of beams when 20 kg/m? of RMB
was adopted: (a) During casting and (b) after failure of beams RB-20

3.2. Crack development in beams during the shear test

Comparing the structural behavior of the reference beams without RMB and the beams with RMB,
it was clearly seen that the RMB works well as shear reinforcement similarly as steel fibers do.
Considering the shear crack development, it was observed that when the 1st diagonal crack develops,
the final shear failure happens quite rapidly for the reference beams. On the other hand, when the
1st diagonal crack develops in the fiber reinforced beams, parallel cracks also start to develop, and
the load is significantly increased before the final failure. In the beams RB-0, the shear cracks
initiated at about 74.6 kN, while in the RB-10 and RB-20 beams, tiny shear cracks are observed
when the load reached about 112.3 kN and 115.6 kN respectively. The incorporation of RMB
therefore delay the shear crack initiation and slow down the further development of the main crack.
Typical crack patterns illustrated by the pictures taken by the DIC-technique (Digital Image

13



Correlation) are shown in Figure 7. The failure patterns of all the tested beams are shown in Figure
8.

Ulﬁma&é oad -

P E R ORI T

Failure

(©)

Figure 7 Crack pattens of different regular beams obtained from the DIC technology: (a) RB-0; (b) RB-10;
(c) RB-20.
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Figure 8 Failure patterns of all the tested beams.

4. Verification of shear capacity according to FprEC2:2022 draft

Recently, Annex L was included in the future revision of Eurocode 2 (FprEC2:2022 draft) to
guide the design of steel fiber reinforced concrete structures. All the related formulas to calculate
the shear strength based on FprEC2:2022 are summarized in Table 6, while detailed calculations
are shown in Appendix F for beam RB-10 and SB-10. Recently, the revised NB38 adopted the same
formulas for the shear strength to achieve consistent Norwegian practice. The experimental and
calculated shear capacities are summarized in Table 7 and compared in Figure 9. The calculations
are carried out with characteristic values of the material parameters and material factors equal to
1,0.

15



The safety margin (SM) of the calculation models (Vexp/Vhe) Was determined by dividing the

experimental value by the theoretical value and shown in Figure 10. It is seen that all experimental

values are larger than the theoretical ones, therefore it is concluded that the formulas predict results

to the safe side. It is also seen that the safety margins are larger for the fiber reinforced beams than

for the reference beams without RMB (RB-0). Generally, the shallow beams exhibit larger shear

resistance than regular beam, being less susceptible to shear failure [10]. This may explain the large

safety margins for the shallow beams in Table 7.

Table 6 Shear capacity formulations for FRC beams without stirrups (FprEC2:2022 draft and NB38)

Codes Theoretical shear capacity formulas

Trder =Tk " Trac T fewa 27 *‘Trac,min T1e frwa

d
Ve =Tracr B0 Z5 T Z@'(loopl o %)% 2
\Y
2=0.9d; 5, =max{1.2-05f,;0.4} <1.0; 7 =1.0
FprEC2:2022

draft TRdc|min = E %ddﬂ ; ddg :16+ Dlower S 40
and NB 38 A

f
P = A b, -d ; fea = Ver s fruer =50 K5 -0.33 fp 5

ks =1.0+A,-05<15; fo g = MIN(TL 50K i Friam) s

K =0.6

K ,max

Table 7 Summarized results of experimental and calculated shear capacities.

Experimental FprEC2:2022 draft
Spesimen ID shear capacity Veyy Ve
(KN) (N) Vexp! Vine
RB-0 46.2 42.2 1.09
RB-10 78.2 58.9 1.33
RB-20 83.9 60.1 1.40
SB-0 183.3 90.4 2.03
SB-10 214.6 111.1 1.93
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Figure 9 Comparison between the experimental shear capacity and theoretical shear capacity based on
FprEC2:2022 draft and NB38.
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Figure 10 The safety margin of the theoretical shear capacity obtained from FprEC2:2022 draft and NB38.
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5. Conclusions

In the project shear tests were carried out for concrete beams reinforced with high performance
macrofibers from ReforceTech (RMB = ReforceTech Minibars) and the shear capacity was
calculated according to NB 38 and Annex L of the draft of the new Eurocode 2 (FprEC2:2022).

And, based on the results, the following conclusions can be drawn:

® By adding 10 kg/m?® of RMB, the shear capacity of the regular beams (RB) was increased by
70% in comparison to the reference beams without fibers. The further improvement of the shear
performance as a result of increasing the content of RMB from 10 to 20 kg/m3was rather low.

® For the shallow beams (SB), the improvement of the shear capacity by adding 10 kg/m® RMB
was about 17% which is lower than for the regular beams.

® The beams' deformation capacity was enhanced by adding RMB, which led to larger deflection
at the point of maximum load. The beams with RMB therefore exhibited a higher capacity for
energy absorption, resulting in a more ductile performance.

® The crack pattern is different between the reference beams and the fiber reinforced beams. It
was observed that when the 1% diagonal crack develops, the final shear failure happens quite
rapidly for the reference beams without RMB. On the other hand, when the 1% diagonal crack
develops in the fiber reinforced beams, parallel cracks start to develop, and the load is
significantly increased before the final failure occur. The incorporation of RMB does not only
delay the shear crack initiation, but also slows down the development process of the main shear
crack.

® The theoretical analysis showed that FprEC2:2022 draft provided conservative shear capacity
results for the different beams with and without RMB when the characteristic values of the
material properties and material factors of 1,0 were applied in calculations. All experimental
values are larger than the theoretical results.

® The main conclusion is therefore that the RMB can be used as shear reinforcement instead of
stirrups in concrete beams and slabs, and that the design method according to the FprEC2:2022
draft and NB38 provides conservative shear capacity for the tested beams.

® Shear force design according to NB 38 and FprEC2:2022 can be performed in the same way,
same equations, with MiniBars that is used for steel fiber reinforcement.
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Appendix A: Raw data of compressive strength test (Cubic samples)

Concrete Date. of Daté of Load (kN) Size (mm) Compressive
casting testing strength (MPa)
B-0-1 2024/3/12 2024/4/09 586.2 58.62
B-0-2 2024/3/12 2024/4/09 587.6 58.76
B-0-3 2024/3/12 2024/4/09 563.6 56.36
B-10-1 2024/3/20 2024/4/17 611.8 61.18
B-10-2 2024/3/20 2024/4/17 624.1 100*100*100 62.41
B-10-3 2024/3/20 2024/4/17 614.3 61.43
B-20-1 2024/4/23 2024/5/21 587.4 58.74
B-20-2 2024/4/23 2024/5/21 612 61.20
B-20-3 2024/4/23 2024/5/21 609.6 60.96

Appendix B: Raw data of 3 point bending test of beams

(1) Load-displacement curve for the concrete beams (160*160*600 mm) without basalt Minibar
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(2) Load-displacement curve for the concrete beams (160*160*600 mm) with 10 kg/m? basalt
Minibar
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(3) Load-displacement curve of the concrete beams (160*160*600 mm) with 20 kg/m? basalt
Minibar
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Appendix C: Raw data of shear test of beams

(1) Load-deflection curves for the regular beams (RB-0) without basalt Minibar
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(2) Load-deflection curves for the regular beams (RB-10) with 10 kg/m? basalt Minibar.
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(3) Load-deflection curves for the regular beams (RB-20) with 20 kg/m?® basalt Minibar.
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(4) Load-deflection curves for the shallow beams (SB-0) without basalt Minibar.

500
—— SB-0-1
—— SB-0-2
400 - —— SB-0-3
Z 300 -
=
-
S
= 200 F
100 4 ”
Vv
O " 1 " 1 " | L 1 s
0 8 16 24 32 40

Mid-span deflection (mm)

(5) Load-deflection curves for the shallow beams (SB-10) with 10kg/m? basalt Minibar.
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Appendix D: Specification of Minibar provided by ReforceTech

PRODUCT DATA SHEET

MINIBARS™
HIGH PERFORMANCE COMPOSITE MACROFIBER FOR CONCRETE REINFORCEMENT

& W AN T -
SLL
-~ . v e

DESCRIPTION

MiniBars™ solution is a high-performance composite macrofiber, based on an alkali-resistant glass or basalt fiber and engineered to provide high post-
cracking strength to concrete while at the same time increasing toughness, impact and fatigue resistance of concrete. In this way, MiniBars™ macrofiber
can be used as secondary and/or as primary reinforcement.

uniform performance throughout the concrete mass.

BENEFITS

m Improves post-cracking mechanical properties of hardened concrete APPLICATIONS

m  Fastand uniform dispersion during mixing MiniBars™ solution has been specifically designed to
m Does not affect concrete pumpability when following recommended practices reduce or replace secondary and/or primary steel

m  Allows for high dosages with minimum effect on processability (mix dependent) reinforcement in many structural applications

m  Does not corrode requiring flexural tensile and post-crack performance
m  No additional water demand {wall panels, pipes, water tanks, tunnel segments,

m Easyto handle marine structures, raft foundations, etc.)

HOW TO USE

MiniBars™ fibers can be added to the wet mix at the batching plant or into the concrete truck at site. For optimum dispersion and
performance, it is recommended to add the fiber gradually and not to mix too long. Dosage rates are dependent on the application and
desired performance levels.

PACKAGING AND STORAGE

MiniBars™ fibers in the 43mm length are packed in 10 kg (22 Ibs) cardboard boxes. Cem-FIL MiniBars™ solution should be stored away from
heat and moisture in their original packaging. Optimum conditions are temperatures between 10°C (50°F) and 35°C (95°F) and relative
humidity between 25% and 65%.

QUALITY STANDARDS — CERTIFICATION

MiniBar™ fibers are manufactured under a quality Management System approved to 1SO 9001.
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MINIBARS™

HIGH PERFORMANCE COMPOSITE MACROFIBER

TECHNICAL CHARACTERISTICS

Basalt or Alkali-resistent glass fiber+ 43 +/-2 mm* 0.70 mm nlemd 42 GPa > 1400 MPa /
thermoset resin 1.7 +/- 0.08 in. 0.03 in. T 6,091,585 psi 200,000 psi

* Shorter or longer fibers are available on request

MECHANICAL PERFORMANCE

The fundamental mechanical performance of fibre reinforced concrete can be obtained from a three-point bending test performed on a prismatic beam of
150x150x550mm (bx6x22in.) including a notch at mid-span (EN 14651). The displacement-controlled testing system introduces a specific deflection or CMOD
(Crack Mouth Opening Displacement) rate, and records load and displacement up to a CMOD limit of 3.5 mm (0.14 in). The fibre reinforced concrete
performance is evaluated by means of residual flexural strength values at 0.5, 1.5, 2.5, and 3.5mm (0.02, 0.06, 0.10, and 0.14in.) of CMOD, namely fry, frz, fas
and fra, respectively.

According to the fib Model Code 2010, the constitutive law of the material in tension is defined by means of the tensile stresses frs and fry, calculated from fa
and frs for service and ultimate limit state, respectively.

| I(I\ &

. =+ L T

L o 7575

25 250 250 25 150 . o .
- - - =rory The sketch shows the basic configuration of the test.
sz e = (‘:‘eu:i']' The following curve shows a typical Load-CMOD response of a B35 concrete
reinforced with 10 kg/m? (17 Ibs/yd®) of MiniBars™. The table presents the mean
—) fres values of residual strength.

43mm 10kg/m?3 32mm PL

{prism 150x150x600mm) {mean)

6 f: (100 mm / 4 in cube) 56 8122
fi 3,89 564
& 4 far 3,61 523
s 2 frz 4,49 651
fra 4,13 599
0 fra 3.56 516
o uin 3 neR ”D‘_ 3 @ 3 g ",,,j Q_ ARS= (fart frotfazt fra)/4 3.95 572

DI O O O ™ ™ = & &N &N &N M ™M m

CMOD mm

Norway

ReforceTech AS

Luftveien 4

NO-3440 Rgyken

Norway
+47 667680
This information and data contained herein is offered solely as a guide in the selection of reinforcement. The information contained in this publication is based on actual laboratory data and field test experience. We believe this
information to be reliable, but do not guarantee its applicability to the user's process or assume any responsibility or liability arising out of its use or performance. The user agrees to be responsible for thoroughly testing any application
1o determine its suitability before commitfing to production. It is important for the user to determine the properties of its own commercial compounds when using this or any other reinforcement. Because of numerous factors affecting

results, we make no warranty of any kind, express or implied, including those of merchantability and fitness for a particular purpose. Statements in this publication shall not be construed as representations or warranties or as
inducements to infringe any patent or violate any law, safety code or insurance regulation. ReforceTech reserves the right to modify this document without prior notice. All Rights Reserved

reforcetech.com
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Appendix E: Datasheet of standard FA cement

y .
ot

—
PRODUCT DATA SHEET " a

["STANDARDSEMENT FA

CEMII/B-M(V-L) 425R

LATEST REVISION JUNE 2024

The cemént satisfies the requlremems according to NS-EN 197-1:2011 for Portland .

composite cement CEM II/B-M(V-L) 42,5 R . o

Requirements

| Properties Declared values according to NS-
4 EN 197-1:2011
Fineness (Blaine m?/kg) 450
Specific weight (kg/dm?) 3,00
Soundness (mm) 1 <10
Initial sefting time (min) 140 =60
1 day 19

2 days 29 =20
Compressive strength (MPa)

7 days 40

28 days 53 2425 <62,5
Sulfate (% SO; ) <4,0 <40
Chloride (% CI) =0,085 (B) / =0,05 (K) <0,10
Water soluble chromium <2 <27
(ppm Cr¢*) g 5
Alkalies (% Na,Ogyy) 1,4 (B)/ 1,5 (K)
Clinker (%) 76 65-79
Fly ash 18

21-35

Limestone (%) 6

1) According to EU-regulation REACH Annex XVII point 47 Chromium VI-compounds

B = Brevik and K = Kjopsvik

*Download from:

file:///C:/Users/chenli/OneDrive%20-%20NTNU/Desktop/Shear%20Test%20Reforce Tech/Product%20data%20sheet

%20_Standardsement%20FA_onesided_June2024.pdf
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Appendix F: Calculation of shear capacity based on FprEC2: 2022

Beam RB-10
For concrete with 10 kg/m®* RMB, f., =4.06MPa  fg, =458MPa f, =41.4MPa

f.o =500MPa (Design yield strength of reinforcement)

fraee = MINC TR 3K max  Triam) and k. =06  Therefore, fe 3« = 2.75MPa

K, max

Width of cross-section: b,, =150mm ; Effective depth of cross-section: d = 214mm;;

Reinforcement rate: p, =0.019  d,, =16+ D, =16+16 =32<40

lower

The partial safety factors for materials were 1.0; 75 =1.0 », =1.0

f
Therefore, ., = F‘“'%/SF = fry e =5, 55 -0.33- T, .

Member size factor: k, =1.0+ A, -0.5<1.5 (A is the area of tension zone in m?)

For regular beam, A, =/h*+(3d)? -b, =0.103 m?

Therefore, k; =1.0+ A, -05=1+0.5x0.103=1.05<1.5

Orientation factor: x, =1.0 f., =& -x;-0.33- f ;. =1x1.05x0.33%x2.75 = 0.95MPa

For the RC beams with fibers, but no stirrups, the design value of shear strength can be taken as:
Teaer =T “Trae Y1k~ Trud 27 Tracmin T Trug

VR =Trq e "0, Z and 2=0.9d

d
roge = 288 100y, - 1, -%)% = 0.66x (100x 0.019% 41.4x %)% —1.5MPa > 74

I

[f, d
Trdemin = =3 %% =1.22MPa
7v yd

Ne =max{1.2-0.5f_,;04}<1.0=0.725; 7. =10

Tracr =M " Trae Tk frug = 2.04MPa
Vi = 7o o b, -2 = 2.04x150x 0.9x 214 = 58.9kN

W

The theoretical shear capacity of beam RB-10 based on FprEC2: 2022 is 58.9 kN.
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Beam SB-10
For concrete with 10 kg/m® RMB, f., =4.06MPa  f., =458MPa f, =41.4MPa

f.o =500MPa (Design yield strength of reinforcement)

fR’3k* = min( fR’3k ; kK’max : fRy3m) and k 206 Therefore, fR,3k* = 2-75Mpa

K, max

Width of cross-section: b,, = 360mm ; Effective depth of cross-section: d =142mm;

Reinforcement rate: p, =0.0307  d,, =16+ D,,,, =16+16=32<40

lower

The partial safety factors for materials were 1.0; 75 =1.0 », =1.0

f
Therefore, .4 = Ft“’%/sF = fry e =5, 55 -0.33- f, .

Member size factor: k, =1.0+ A, -0.5<1.5 (A is the area of tension zone in m?)

For shallow beam, A, =+/h’+(3d)*-b,=0.167 m?
Therefore, k; =1.0+ A, -0.5=1+0.5%x0.167 =1.08<1.5
Orientation factor: x, =1.0 f_, == ;x5 -0.33- fz ;. =1x1.08x0.33x2.75=0.98MPa

For the RC beams with fibers, but no stirrups, the design value of shear strength can be taken as:
Trdcr = Mok " Trde T thud 2 Mer * Trac,min T11E thud

Ve =Trger "0y Z and 2=0.9d

d
£, =066 (100, - f, -—%9)75 —0.66x (100x 0.0307 x 41.4><2)% =2.02MPa>r,, .
Rd,c | ck d 142 Rdc,min
\%
d
Tage.min U Lf =1.5MPa
Y yd

N =max{1.2-0.5f_,;0.4}<1.0=071; 7. =10

Teaer =Ter " Trae 1+ frug =2.414MPa
Vi = Trg o D, -2 =2.414x360%0.9x142 =111.1kN

W

The theoretical shear capacity of beam SB-10 based on FprEC2: 2022 is 111.1 kN.
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