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ANALYSIS OF SHEAR CAPACITY OF GFRP
REINFORCED BEAMS WITHOUT STIRRUPS
ACCORDING TO SELECTED DESIGN STANDARDS

M. KASZUBSKA', R. KOTYNIA?

The aim of this paper is a comparative analysis of the experimental test results of twenty T-section beams
reinforced with glass fiber reinforced polymer (GFRP) bars without stirrups with predicted values of the shear
capacity according to the following design guidelines: draft Eurocode 2, Japanese JSCE, American ACI 440,
Italian CNR- DT-203/2006, British BS according to fib Bulletin 40, Canadian CSA-S806-12 and ISIS-M03-07.
Standard procedures for FRP reinforced beams based on traditional steel reinforced concrete guidelines. The
longitudinal FRP reinforcement has been taken into account by its stiffness reduction related to the steel
reinforcement. A basis of this modification is the assumption that the FRP-to-concrete bond behaviour is the same
as it is for steel reinforcement. To assess the compatibility of predicted values (Vca) with the experimental shear
forces (Viest) the safety coefficient = Viest/ Vea Was used. The results corresponding to values n < 1 indicates
overestimation of the shear capacity, but 1 > 1 means that shear load capacity is underestimated. The most
conservative results of the calculated shear capacity are obtained from the ACI 440 standard. In contrast to them
the best compatibility of the calculated shear values to the experimental ones indicated British BS standard, fib
Bulletin 40 and Canadian CSA-S806-12 standard.
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1. INTRODUCTION

Nowadays the civil engineering sector puts a lot of emphasis on durability and low maintenance cost
of new concrete structures. The materials which meet these requirements are composed of fiber
reinforced polymers (FRP). Concrete structures reinforced with FRP bars are not susceptible to
corrosion, therefore they are more durable over a long time of use, that reduces costs of repair and
maintenance comparing to the traditional reinforced concrete (RC) structures. However, the
anisotropic structure of composites means that they exhibit completely different mechanical
properties in both longitudinal and transverse directions. Comparing to conventional steel
reinforcement FRPs differ essentially in the fully linear-elastic behaviour, significantly higher tensile
strength and lower modulus of elasticity (depending on a type of fibers). It should be emphasized that
the elastic characteristic of this reinforcement limits the plastic deformation of concrete members.
The widespread use of composite reinforcement in research and real applications of new concrete
structures requires the use of design guidelines for FRP reinforcement, which were developed based
on the current guidelines for steel RC structures. Design provisions for concrete structures reinforced
with FRP bars consider stiffness reduction in the composite reinforcement to the conventional steel
reinforcement [6]. The basis of this modification is the assumption that the bond of FRP
reinforcement to concrete is the same as that of steel. The main formulas for shear capacity of FRP
reinforced beams without stirrups according to selected design standards are summarized in Table 1.
The shear capacity is calculated according to similar principles as for RC members taking into account
the difference in the elasticity modulus between FRP and steel reinforcement. However, stress
redistribution using elastic-brittle FRP materials is completely different than that of steel, which relies
on plasticity theory and stress redistribution following steel yielding process. Shear capacity of FRP
RC elements can be design similar to steel RC structures with taking into account the reduced stiftness
of FRP reinforcement according to their variable fiber properties.

In the Japanese standard JSCE [8] the modification associated with the axial stiffens of the composite
reinforcement in relation to steel was introduced by B, coefficient, given by Eq. (1.3). Reference
modulus of elasticity Eo corresponds to the modulus of elasticity of steel (200 GPa). A draft Eurocode
2 CEN [4] proposed stiffness reduction of the longitudinal reinforcement ratio in accordance with
Eq. (1.8), while modification of vmin factor is proposed in Eq. (1.7). fib Bulletin 40 [6] based on the

British Design Codes BS8110 with modifications to reduction of the composite reinforcement
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stiffness according to the elastic modulus of FRP bars (Er) to the steel modulus of elasticity by ratio
(Ef/ 200). However, the compressive strength of concrete in Eq. (1.9) is limited to 40 MPa (fck < 40
MPa) and a coefficient related to the effective depth of cross-section must not exceed

0.67 (400 /d) *<0.67).

Table 1. Shear capacity without stirrups according to selected design standards.

Design standard Shear procedure
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In the Italian standard CNR [5] reduction of FRP reinforcement stiffness in relation to steel is
introduced indirectly by using the global factor (E¢/ Es)!"2. Moreover, the shear capacity is determined
based on the tensile strength of concrete unlike other standards. If a minimum of 50% of the
longitudinal reinforcement is not brought to the support, then coefficient kq in Eq. (1.14) equals to
1.0. The shear design equation for FRP reinforced beams without stirrups presented in ACI 440.1R-
15 [1] is based on the Tureyen and Frosch model [12], which takes into account a height of the
compressive concrete zone by factor k, Eq. (1.19) depending on the longitudinal reinforcement ratio
and ratio of the modulus of elasticity of the reinforcement to the modulus of elasticity of concrete
given in Egs. (1.18), (1.20). The concrete compressive strength in ACI 440.1R-15 is limited to 69
MPa (fek < 69 MPa). The Canadian standard CAN/CSA-S806-12 [3] presents the most comprehensive
approach for the shear resistance of FRP reinforced members. CSA is based on the Modified
Compression Field Theory that assumes to calculate the shear resistance as a sum of the concrete and
transverse reinforcement contributions. The shear strength of concrete includes the following effects:
axial stiffens of FRP longitudinal reinforcement, concrete strength and interaction between bending
moment (Mgq) and transverse force (Veq) in the considered cross-section. The concrete compressive
strength in Egs. (1.21), (1.23) is limited to 60 MPa. The arch effect determined by a/d < 2.5 d is
considered in the shear concrete strength Vrq, by coefficient kq, Eq. (1.27). In elements with d > 300
mm, the size effect is taken into account by factor ks, Eq. (1.28). Canadian ISIS guidelines [7] based
on experimental research as a simplification of ACI 440 [1] standard procedures and CSA [3] to
facilitate their applications in practice. The shear capacity of elements without transverse
reinforcement primarily depends on the concrete compressive strength. A difference in elasticity
modulus between longitudinal FRP reinforcement and steel is taking into account by reduction of
FRP axial stiffens with factor VE¢/ Es < 1.0. Moreover, the size effect is considered in elements with

a/d>300 mm.

2. EXPERIMENTAL PROGRAM

An analysis of design procedures was performed for sixteen T-section single span, simply supported
concrete beams with a clear span of 1800 mm, tested in three-point monotonic loading (Fig. 1). Shear

span to depth ratio (a/d) was approximately 3.0.
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Fig. 1. The static scheme and example of reinforcement of beams.

The beams were reinforced with longitudinal GFRP bars of diameters: 12 mm, 16 mm and 18 mm.
All straight GFRP bars were anchored in the steel box filled with an epoxy resin. The top longitudinal
reinforcement consisted of two straight bars of 10 mm in diameter. There were no stirrups along the
tested shear span, while the opposite non-tested shear span was reinforced with steel stirrups of 8 mm
diameter at 130 or 150 mm spacing and the steel bent bars of 14 mm diameter to prevent the shear
failure in this support (Fig. 1). The beams were cast using ready mix concrete delivered from the local
batch plant. The maximum aggregate size of the concrete mixture was 8 mm diameter. The average
modulus of elasticity and the maximum tensile strength registered in the test of GFRP bars equalled
of 50.5 GPa (COV=1.6%) and 1071 MPa (COV=11.6%), respectively. The beams were simply
supported on two steel supports with the movable one closed to the shear tested part of the beam.

V1=28.39kN V2=32.38kN V3=33.46kN

Fig. 2. The example of failure mode in G-416-30-15 beam.
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The failure progressed gradually from flexure to shear that was typical shear — tension failure. The
first flexural cracks occurred in mid-span of the beams. With the load increasing flexural cracks
developed and a diagonal crack appeared in the shear region. Then the opening of the shear crack
increased with its length extension to the top and the bottom edge of the beam. The critical shear
crack usually was composed of two or three cracks. An example of failure mode in the beam G-416-
30-15 is presented in Fig. 2. More details of the experimental tests and analysis of the test results

were published in [9, 10].

Table 2. The details of tested beams.

Elements Ar[mm?] fox [MPa] E.[GPa] d [mm] a/d [-] Viest [KN]
G-512-30-15 565 30.10 30.62 379.0 2.90 34.27
G-316-30-15 603 31.10 30.92 377.0 2.92 31.75
G-318-30-15 763 31.10 30.92 376.0 2.93 38.57
G-416-30-15 804 30.50 30.74 377.0 2.93 34.77
G-418-30-15 1018 31.10 30.92 376.0 2.94 38.14

G-312/212-30-15 565 32.30 31.27 367.8 3.01 34.78
G-318/118-30-15 1018 32.30 31.27 367.0 3.02 47.72
G-512-30-35 565 31.10 30.92 359.0 3.10 32.47
G-316-30-35 603 30.50 30.74 357.0 3.12 31.01
G-318-30-35 763 30.50 30.74 356.0 3.13 34.42
G-418-30-35 1018 30.10 30.62 356.0 3.13 3941
G-316-35-15 603 37.05 32.59 377.0 2.97 31.31
G-318-35-15 763 37.05 32.59 376.0 2.98 33.76
G-416-35-15 804 36.02 32.31 377.0 2.97 3243
G-316-35-35 603 35.00 32.04 357.0 3.16 29.90
G-418-35-35 1018 35.00 32.04 356.0 3.17 35.14
3. ANALYSIS

To assess the compatibility of predicted shear capacity based on selected design standards (Vcar) with
the shear forces obtained in the experimental tests (Viest) the coefficient 1= Viest/ Vea was used. The
results corresponding to values 1 < 1 indicate an overestimation of the shear capacity (gray area in
the charts), but results corresponding to 1 > 1 mean that shear load capacity is underestimated. The
dead load, safety factors and all material factors are not taken into account in computational analysis.
In the analysis, the cylindrical compressive concrete strength (fe) and the average modulus of
elasticity of the FRP bars obtained in the tests (Er) were used. The results of shear capacity according

to selected design standards were presented in Table 3.
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Table 3. The results of shear capacity according to selected design standards.

Elements JSCE [kN] | CEN[kN] | BS[kN] | CNR [kN] [ACI440 [kN]] CSA [kN] | ISIS [kN]
G-512-30-15 28.44 34.67 30.55 32.28 20.64 50.20 29.55
G-316-30-15 29.31 35.73 31.49 33.46 21.45 51.16 29.92
G-318-30-15 31.67 38.60 34.03 35.76 23.82 51.23 29.86
G-416-30-15 32.05 39.07 34.44 35.92 24.24 50.66 29.63
G-418-30-15 34.86 42.49 37.45 39.47 27.06 51.23 29.86

G-312/212-30-15|  28.76 35.02 30.89 33.39 20.84 52.76 29.95
G-318/118-30-15|  34.95 42.55 37.55 40.16 27.07 52.82 29.90
G-512-30-35 28.11 34.20 30.20 3220 20.28 5237 28.87
G-316-30-35 28.47 34.63 30.58 32.26 20.67 52.00 28.47
G-318-30-35 30.76 3741 33.04 34.56 22.95 52.07 28.41
G-418-30-35 33.71 40.99 36.21 37.94 25.93 51.73 28.23
G-316-35-15 31.07 37.88 33.38 37.61 22.86 55.84 32.66
G-318-35-15 33.58 40.92 36.07 40.19 25.39 55.91 32.60
G-416-35-15 33.88 41.30 36.40 40.13 25.76 55.06 32.20
G-316-35-35 29.81 36.25 32.02 35.36 21.74 55.71 30.50
G-418-35-35 35.44 43.11 38.08 41.96 2741 55.78 30.44

Table 4. Comparison of experimental and predicted shear strength for selected standards.

Standard procedure Momin [-] Nimax [-] N [-] G [-] COV [-]

JSCE 0.96 1.37 1.11 0.10 0.09

CEN 0.79 1.12 0.91 0.09 0.09

BS 0.89 1.27 1.03 0.10 0.09

CNR 0.81 1.19 0.96 0.10 0.11

ACI 440 1.26 1.76 1.49 0.14 0.10
CSA 0.54 0.90 0.66 0.09 0.13

ISIS 0.96 1.60 1.17 0.16 0.14

CSA (a) 0.82 1.14 0.92 0.09 0.09

N = Vies/ Veal; NMimin — minimum value of 1; Nmax — maximum value of 1; nm — medium value of 1; o, — standard deviation
of n; COV— coefficient of variation of n (COV = 6y/Nm)

The most conservative values of calculated shear capacity were obtained for the ACI 440 standard
confirmed by zero percentage of dangerous results (Fig. 3) and the average values of | equal of 1.49
(Table 4). However, the mean value of nm = 1 was obtained in case of BS standard (nm = 1.03) and
CNR standard (nm = 0.96). The shear capacity calculated according to the selected design standards
for individual beams corresponded to the shear forces obtained in the tests with similar accuracy, as
indicated by the values of COV of n about 10% (Table 4). The only CSA and ISIS standards give
COV values slightly higher than the remaining standards. The control cross-section for the uniformly
distributed load (if Ved < VRrd,e, according to [1, 2, 4]) is located at a distance d from the support.
However, in the Canadian standard, this cross-section is located at a distance dv from the support, Eq.
(1.25). It seems, that for the point load there are no specific regulations of the control cross-section
location. The only CSA guidelines consider a location of the control cross-section by the interaction

of the shear force and the bending moment. By adopting a control cross-section at a distance d from
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the support centre, the maximum value of factor ki = 1 is obtained. This causes the shear capacity
calculated based on Eq. (1.21), (Table 1) is higher than the upper limit value (Eq. (1.23), Table 1).
Hence, the shear resistance is calculated from the formula Vrae = 0.22pcVf;budiks that makes it
depends only on the cross-section dimensions and the concrete strength. The influence of concrete
strength on the shear capacity is visible in Fig. 4 by clearly separating the results obtained for the
elements with fon = 31.8 MPa and fem = 35.9 MPa. It can be seen that the calculated shear capacity
for beams with similar concrete compressive strength is almost identical, despite the differences in

the reinforcement ratio of the variable beams.

70 70
Viest, KN ACI 440 Viesis KN CNR
60 1 60 -
50 A = 50 A P
40 A e 40 1 -
&
3 8
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0% 56%
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Fig. 3. The comparison of experimental values (Viest) with calculation values (V.a) according to ACI 440,
CNR, JSCE, BS design standard for reinforced elements of GFRP bars.
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Fig. 4. The comparison of experimental values (Viest) with calculation values (V.a) according to CEN, CSA,

ISIS design standard for reinforced elements of GFRP bars.

In case of the analyzed beams loaded with the concentrated force, the shear capacity calculated

according to CSA was closer to the real one, if the control cross-section under the point load was

taken into account (chart CSA (a) in Fig. 4). This is due to the highest bending moment value that led

to a decrease in ki factor. In this case, the load capacity was calculated from the Eq. (1.21), (Table

1), which takes into account simultaneous interaction of the bending moment and the shear force (Vg

/ MEg) with the longitudinal reinforcement ratio effect (p1). Due to above-mentioned assumptions the

predicted CSA(a) results are the closest to the experimental ones, confirmed by the significant

increase in Nm index comparing to that obtained assuming the control section at a distance d from the

support (compare CSA and CSA(a) in Table 4 and Fig. 4).
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The ISIS standard does not consider the influence of the reinforcement ratio on the shear capacity,
that leads to significantly overestimated results comparing to the CSA approach (Table 1, Fig. 4).

Numerical analysis carried out by Vecchio [13] and Stevens [11] indicated that significant
compressive concrete stresses occur at a distance d from the concentrated loads or/and the supports.
The adoption of the control cross-section for calculations of shear resistance under concentrated force
raises some doubts, at least due to the real location of the critical crack. Based on the real location of
the critical shear crack in the discussed test results, it seems more rational to adopt a control cross-
section at a distance d from the point load as it is suggested by Vecchio [13] and Stevens [11].
However, predicted values of the shear capacity according to the CSA guidelines for two extreme
positions of the control cross-section show, that shifting of this position towards the support, reduces
Nm value, and consequently, it reduces the level of accuracy predicted shear force in comparison with
the test values. In reference to Yang shear model [14] the control cross-section was suggested to be
located under the concentrated load, so following this guideline the authors adopted the control

section in the maximum bending moment place.

4. CONCLUSIONS

The comparative analysis of the test results and the shear capacity was performed according to the
selected design guidelines: draft Eurocode 2, Japanese JSCE, American ACI 440, Italian CNR- DT-
203/2006, British BS according to fib Bulletin 40, Canadian CSA-S806-12 and ISIS-M03-07. To
assess the compatibility of predicted values (Vca) with the experimental shear forces (Viest) the safety
coefficient 1 = Viest / Vea Was used. Modifications of shear capacity formulas due to the lower
elasticity modulus of FRP bars comparing to steel were introduced by reduction of elasticity modulus
of FRP to steel reinforcement. The best consistency of calculated and test results gave the British BS
standard (fib Bulletin 40) and the Italian standard, for which the mean safety coefficient n was nm =
1.03 and nm = 0.96, respectively. The only CSA standard takes into account simultaneous interaction
of the bending moment and the shear force (Ved / MEaq) that guarantees the closest predicted results to
the experimental ones, confirmed by the safety coefficient nm = 0.92. The most conservative results

were obtained for the ACI 440 standard with the mean safety coefficient nm = 1.49.
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ANALIZA NOSNOSCI NA SCINANIE BELEK ZBROJONYCH PRETAMI GFRP BEZ STRZEMION WEDLUG
WYBRANYCH WYTYCZNYCH NORMOWYCH
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SUMMARY:

Obecnie w sektorze budowlanym duzy nacisk jest ktadziony na trwatosé i niskie koszty utrzymania nowych konstrukcji
wykonanych z betonu. Materiatami, ktore wpisuja si¢ w te ide¢ sa kompozyty polimerowe (FRP). Konstrukcje betonowe
zbrojone pretami kompozytowymi sa odporne na korozj¢, co zapewnia im wigksza trwato$¢ w czasie eksploatacji.
Coraz szersze zastosowanie zbrojenia kompozytowego w badaniach oraz rzeczywistych aplikacjach w powstajacych
konstrukcjach wymaga wprowadzenia odpowiednich procedur normowych, ktére rozwijane sa na bazie wytycznych dla
konstrukcji zelbetowych. Procedury projektowe dla elementow zbrojonych pretami FRP uwzgledniaja redukcje
sztywnosci w zbrojeniu kompozytowym w poréwnaniu do zbrojenia stalowego. Podstawa tej modytikacji jest zalozenie,
ze przyczepnos¢ zbrojenia FRP do betonu jest taka sama jak stali. No$no$¢ na $cinanie w wigkszosci przypadkow jest
zatem obliczana zgodnie z zasadami jak dla elementéw zelbetowych z uwzglgdnieniem réznic w wartosci modulu
sprezystosci zbrojenia FRP i stali.

Analiza wybranych procedur normowych zostata przeprowadzona na 16 jednoprzgstowych, wolnopodpartych belkach
teowych o rozpigtosci 1,8 m, poddanych obciazeniu sila skupiong. Smuktos¢ $cinania (a/d) wynosita okoto 3.0. Belki
zbrojono podtuznymi pretami GFRP o srednicach 12 mm, 16 mm i 18 mm. Pr¢ty wykonano jako proste i zakotwiono w
stalowych skrzynkach wypetionych zaprawa klejowa. Zbrojenie gérne ztozone byto z dwdch pretow prostych o srednicy
10 mm. Na calej odlegtosci badanej strefy przypodporowej nie zastosowano zbrojenia poprzecznego, podczas gdy

przeciwlegla strefe zabezpieczono przed zniszczeniem na $cinanie poprzez zastosowanie silnego zbrojenia poprzecznego,
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ktore stanowily stalowe strzemiona z pr¢tow o nominalnej $rednicy 8 mm w rozstawie 130 mm i 150 mm oraz stalowe
prety odgigte o $rednicy 14 mm. Belki wykonano z gotowej mieszanki betonowej dostarczonej z lokalnej wytworni
betonu. Maksymalna érednica zastosowanego kruszywa wynosita 8 mm. Sredni modut sprezystosci uzyskany w
badaniach pretow GFRP byt rowny 50.5 GPa (COV=1.6%) zas maksymalna wytrzymatos¢ na rozcigganie wynosita
1071 MPa (COV=11.6%). Belki oparto na przegubowych podporach, z ktérych jedna, potozona po stronie badanego
odcinka $cinania byta przesuwna. Wszystkie elementy zostaly zniszczone w sposob $cinajaco — rozciagajacy. Pierwsza
rysa od zginania pojawiala si¢ w srodkowej czesci belki. Nastepnie wraz ze wzrostem obcigzenia rozwijaty si¢ rysy od
zginania, a w strefie podporowej pojawiata si¢ rysa uko$na.

Oceny poprawnosci wybranych norm dokonano na podstawie stopnia zgodnosci, czyli stosunku wartosci maksymalnej
sity poprzecznej uzyskanej w badaniach (Vis) do nosnosci $cinania (Vca) obliczonej na podstawie wybranych
wytycznych normowych, oznaczajac ten stosunek jako 1= Viest/ Veal. Wyniki odpowiadajace wartosciom wspotczynnika
n < 1 $wiadcza o obliczeniowym przeszacowaniu nosnosci. Natomiast wyniki odpowiadajace m > 1 oznaczaja
zachowawcze wyniki teoretycznej nos$no$ci na S$cinanie. Cigzar wilasny, wspotczynniki bezpieczenstwa oraz
wspotczynniki materiatowe zostaly pominigte w obliczeniach.

Najbardziej zachowawcze wyniki obliczeniowych no$nosci na §cinanie belek z badan wlasnych uzyskano wedtug normy
amerykanskiej ACI 440, o czym $wiadczy zerowy odsetek wynikow niebezpiecznych oraz S$rednia warto$¢
wspoltczynnika n rowna 1.49. Natomiast $rednia warto$¢ stopnia zgodnosci najblizsza jednosci wystapita w wypadku
norm: brytyjskiej BS (nm = 1.03) oraz wtoskiej CNR (nm = 0.96). Wartosci nos$nosci obliczone dla poszczegolnych belek
odwzorowywatly ich no$nos$¢ rzeczywista ze zblizona doktadnoscia, na co wskazujg wartosci wspétczynnika zmiennosci
parametru 7 ponizej 10% dla wigkszosci norm. Wyjatkiem byly wytyczne wykorzystywane w Kanadzie oraz wytyczne
wloskie (CNR), dla ktérych uzyskano nieco wyzsze wartosci wspdtczynnika zmiennosci.

Jedynie wytyczne kanadyjskie CSA uwzgledniaja interakcje sity tnacej oraz momentu zginajacego w rozwazanym
przekroju. Poprzez przyjecie przekroju krytycznego w odlegtosci d od $rodka podpory, otrzymano maksymalng warto$é
wspolezynnika k, = 1. Spowodowalo to, Zze no$nos¢ obliczona na podstawie wzoru Vgqc=0,051Pkuk,foc*bud, byla

Wwyzsza niz gérna wartos¢ ograniczajaca ( 0.11¢,4/ £, b,d, <V,,. <0.22¢, /., b d, ). Ostatecznie wigc nosnos¢ na scinanie

obliczono ze wzoru Veae= 0.22¢pc\f;budiks, a tym samym byla ona zalezna wylacznie od wymiaréw przekroju oraz
wytrzymato$ci betonu na sciskanie. Widoczne jest, ze obliczona nosnos$¢ na $cinanie w wypadku belek ze zblizong
wytrzymatoscia betonu na $ciskanie jest prawie identyczna, pomimo zréznicowania stopnia zbrojenia poszczegdlnych
elementéw. W wypadku omawianych elementow obcigzonych silg skupiona nosnos¢ obliczona wedtug CSA byta blizsza
rzeczywistej, gdy wzigto pod uwage przekrdj pod sita, gdzie warto$§¢ momentu zginajacego byla maksymalna, a
wsp6tezynnik k,, miat warto$¢ minimalna. W tym wypadku no$no$¢é obliczano ze wzoru Veqo=0,05.® ik foic *bydy, ktory
uwzglednia interakcje momentu i sity poprzecznej (Vea/ Meq) oraz wplyw stopnia zbrojenia podtuznego (pi). Dzigki
temu, uzyskane wyniki obliczeniowe byty blizsze wynikom do$wiadczalnym, o czym $wiadczy znaczny wzrost $redniej
warto$ci wspotczynnika n w poréwnaniu do wartosci uzyskanej przy zatozeniu przekroju kontrolnego w odleglosci d od
$rodka podpory.

Podsumowujac, analiza nosno$ci na $cinanie zostala przeprowadzona wedlug wybranych wytycznych normowych:
projektu Eurokodu 2, japonskich JSCE, amerykanskich ACI 440, wloskich CNR- DT-203/2006, brytyjskich wedtug fib
Bulletin 40 oraz kanadyjskich CSA-S806-12 i ISIS-M03-07. Oceny poprawnosci wybranych norm dokonano na
podstawie stopnia zgodnosci, czyli stosunku wartosci maksymalnej sity poprzecznej uzyskanej w badaniach (Viest) do

nosnosci $cinania (Vca) obliczonej na podstawie wybranych wytycznych normowych, oznaczajac ten stosunek jako
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N = Viest/ Vea. Modyfikacje w obliczaniu no$nosci na $cinanie elementow zbrojonych pretami FRP zostaty wprowadzone
w wigkszo$ci wytycznych poprzez redukcje modutu sprezystosci zbrojenia FRP w odniesieniu do stali.

Najlepsza zgodnos¢ nosnosci na $cinanie obliczonej oraz uzyskanej w badaniach wykazywaly wytyczne brytyjskie BS
(wedtug fib Bulletin 40) oraz wioskie, dla ktorych sredni wspotczynnik zgodnosci wynosit odpowiednio, Nm = 1.03 i Nm
= 0.96. Jedynie wytyczne kanadyjskie CSA uwzgledniaja interakcjg momentu zginajacego oraz sity poprzecznej (Veq /
MEeq), co zagwarantowato zblizenie wynikow obliczonych do doswiadczalnych, potwierdzone wspdtczynnikiem nm =

0.92. Najbardziej zachowawcze okazaly si¢ wytyczne amerykanskie ACI 440 ze srednim wspotczynnikiem nm, = 1.49.
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