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1 INTRODUCTION

This software assists consultants in designing CFRP for flexural strengthening, shear strengthening, and column
confinement. The next sections detail the theoretical background for these calculations.

This program uses calculation procedures from the Concrete Society's Technical Report No55, third edition (2012),
"Design guidance for strengthening concrete structures using fibre composite materials”.

Additional and auxiliary calculation methods are taken from the following codes:

= Eurocode 2: Design of concrete structures.
=  EMPA report 116/7.

2 THEORETICAL BACKGROUND

2.1  GENERAL DESIGN CONSIDERATIONS

TR55 takes into account a combination of safety factors according to the following parameters, which apply over
the characteristic values to determine the design values. The determination of the safety factors is based on the
following issues:

e Type of FRP material.: Table 1 & 3

e Type of FRP system (method of application/manufacture: Table 2
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Most alternative FRP guidelines recommend using The TR55 approach differs from other existing FRP
ultimate strength and deformation values when guidelines in that the safety factors not only limit
performing design calculations. However, when it the ultimate strength and deformation for design
comes to the design E-modulus, these standards but also result in a reduced design E-modulus.
usually specify the use of either the characteristic or
average value.
The safety factors can be taken from the following tables:
TABLE 1
Factor of safety for Young’s modulus at the ultimate limit state (all design situations), Y rrp £
Carbon FRP 1.1
Aramid FRP 1.1
AR-Glass FRP 1.6
E-Glass FRP 1.8
Basalt FRP 1.8
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TABLE 2

Additional partial safety factor according to the manufacture/application method, ¥ rrp .,

Plates
Pultruded 1.05
Prepreg 1.05
Preformed 11
Sheets or tapes
Machine-controlled application 1.05
Vacuum infusion 1.1
Wet lay-up 1.2
Prefabricated (factory-made) shells
Filament winding 1.05
Resin transfer molding 1.1
Hand lay-up 1.2
Hand-held spray application 1.5
TABLE 3
Additional partial safety factor for strain at the ultimate limit state, yrgp .
Carbon FRP 1.25
Aramid FRP 1.35
AR-Glass FRP 1.85
E-Glass FRP 1.95
Basalt FRP 1.95

By applying the appropriate safety factors, the design values for the FRP are determined as:
Equations from TR55

Efk Efk

Erg = = 2.1a

fa YFRP,mE YFRP,E'YFRPm ( )
where Ef is the design E-modulus of the FRP and Ejy is its characteristic value,

€rq = L Efk (2.1.b)

YFRP,me YFRP,e YFRP,m

where &¢4 is the design ultimate deformation of the FRP and &, is its characteristic value, therefore the design
strength f74 is calculated as:

fra = Era " €a (2.1.c)

Before strengthening, the designer must evaluate the potential impact of accidental loss, of strengthening so that
such failure does not compromise the structure.

Due to this, the member should be only considered for the strengthening if the ultimate resistance of the
unstrengthened (existing) member under an accidental situation, as defined in Eurocode 2, Part 1-1, is at least as
great as the frequent combination of actions as indicated in Eurocode 0, sections A.1.4.1 and A.1.4.2. This check is
intended to limit any extra loads that can be applied to the strengthened member, regardless of how well the FRP
system performs.

Ry = E,4 (2.1.d)
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Fire is an accidental situation that involves exceptional design conditions of the structure and the acting loads.

In case of fire, unprotected CFRP is expected to be lost due to the high temperatures. Hence, the unstrengthened
member is subjected to reduced design load combination, such as the quasi-permanent combination of service
loads as indicated in Eurocode 1, Part 1-2: General actions — Actions on structures exposed to fire, section 4.3.1.

The software includes a preliminary determination of the resistance of the un-strengthened member in case of
fire. The ultimate strength of the member is determined according to the real strength of the concrete and steel,
assuming a partial factor for those materials yy r; = 1 (Eurocode 2, Part 1-2: General rules — Structural fire design,
section 2.3), and must exceed the load combination under a fire scenario (Eurocode 1, Part 1-2: General actions —
Actions on structures exposed to fire, section 4.3.1.).

Rafi 2 Eqi (2.1.e)

Under this condition, the CFRP is no longer required in case of fire; hence no specific fire protection for FRP will be
required. However, a certain protection for the RC member may be required to achieve a necessary fire rating. The
software also includes an optional detailed calculation which allows determination of the fire resistance of the
member without the additional contribution of the FRP, according to the temperature profiles for slabs, beams
and columns and the 500 °C Isotherm Method (Eurocode 2, Part 1-2: General rules — Structural fire design, Annex
A and Annex B).

Temperature distribution

In case of fire, the member’s section will be progressively
heated. Due to this, different temperature gradients will be

Temperature [*C]

s produced in the section, leading to a reduced mechanical
Egg performance of the concrete and the steel reinforcement bars.
e The 500 °C Isotherm Method is a simplified, non-tabulated
Z*SE method that does not take into account the mechanical
- contribution of the concrete section which exhibits a
—

temperature beyond 5002C.

The reduced effective section must maintain enough strength to
‘ withstand fire load combinations. The fire rating is the duration
this condition is met.

M (kNm]

The Sika® CarboDur® software evaluates the strength of the un-
strengthened member in case of fire, calculating the anticipated
temperature profiles in the concrete section and the real fire

P o s 2 e resistance according to the fire loads, as shown in TR55, section
Fire resistance class R60 5' 7'1'
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2.2  FLEXURAL STRENGTHENING

Reinforced concrete components, including beams, slabs, and columns, can be enhanced in flexural capacity by
applying FRP composites bonded with epoxy to the tension zones, aligning the fibres parallel to the direction of
maximum tensile stresses (member axis). The following calculations address both the Ultimate Limit State (ULS)
and the Serviceability Limit State (SLS).

For members strengthened in flexure, the following aspects must be considered:

e Determinations of the existing deformation of the section under flexure at the moment of strengthening,

taking into account the effects of the creep in the E-Modulus of the concrete. The software establishes

the E-modulus for this verification as i;m , where @, is the effective creep coefficient.
ef
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Determination of the initial strain at the extreme fiber (left), and its influence on the loaded, strengthened
member (right)

e Strain compatibility and forces equilibrium in the strengthened section must be satisfied, considering the
existing deformation of the extreme concrete fibre at the moment of strengthening, ¢,

- < 3.5%

_i_‘
- sl o [/ 11T
1 Stress and strain profiles for the ultimate

a ,‘| limit state, strengthened member. Note that
+ ! strains are limited (in red) by the maximum
Muit) < compressive strain of the concrete (3,5% for
! concrete class <50MPa), and the limiting
strain of the CFRP, &mmax, which can be taken
f'j Fs1, —r as 0.8% (TR55, 6.3.3C)

e The ultimate resistance of the strengthened section can be limited by the concrete crushing under
compression (corresponding to 3.5 %o deformation) or the debonding of the CFRP laminate (shear-crack-
induced separation, excessive longitudinal shear stress along the FRP or an insufficient end-anchorage for
the laminate). In the case of NSM applications, additional failure mechanisms (e.g. adhesive splitting
failure, concrete splitting failure and concrete cover separation) must be evaluated.

e  Ductility of the strengthened member

e  Compliance with the stress limitations for the different materials (concrete, steel and FRP) under relevant
serviceability limit states.
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Parabola-rectangle stress block for concrete under compression (left) and section of a beam under flexure (right)

Reinforced concrete elements, such as beams, slabs and columns, may be strengthened in flexure through the use
of FRP composites bonded with structural epoxy adhesives in their tension zones, with the direction of fibres
parallel to that of the high tensile stresses (member axis).

os For the design, the parabola-rectangular

A method is used by the software to determine
the compressive strain and stress ratio of the
concrete across the section’s height. The
design strength of the concrete is determined
/ as:
fyd —

fyk pmm—————————— -—

fog = Zeclek (2.2.a)
Ye

Where yc is the partial factor for the concrete,
and accis the coefficient taking account of long
0 fydfEs fykiEs & term effects on the compressive strength

Simplified design stress-strain diagram for reinforcing steel according to Eurocode 2.
(tension and compression)

The design values for the reinforcing steel are
derived from the characteristic values, fy. In the case of ULS verifications, the software uses a simplified bilinear
diagram, with a horizontal branch extending from the point where fyq is achieved.

o, = E; & (2.2b)
For the design the value of the modulus of elasticity, Es, is assumed to be 200 GPa as default.

The calculation of the FRP strengthening for flexural strengthening follows the principles exposed in Eurocode 2
and TR55(2012), Section 6 with the following modification:

e In case of post-tensioned Sika® CarboDur® S plates, the maximum effective strain for the CFRP laminate
will be limited to 1.26% (value experimentally validated for the Sika® CarboStress system)

gfd,postensioned < 1.2 6%
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Refer to section 2.1.2.

Stress rupture:
Under the characteristic combination of actions, if the FRP carries a sustained stress, the maximum stress level at
the laminate must not exceed the following:

Maximum stress in FRP under service loads, with respect to the design strength.

Carbon FRP 65% X frd
Aramid FRP 40% X frd
Glass FRP 45% X frd
Basalt FRP 35% X frd

Strengthening under dynamic loads:

If the hardening of the adhesive is expected to occur under dynamic loads, the performance of the adhesive may
be affected (TR55, 6.9.4). Under these circumstances, if the reduced adhesive strength is less than the design axial
tensile strength of the concrete, then the live load during adhesive curing must be restricted.

Live load strains at FRP-concrete interface during | Reduction in tensile bond strength of adhesive
curing (10°9)

20 10%
50 12%
100 16%
150 22%
200 32%

Reinforced concrete members (Eurocode 2, Part 1-1, section 7.2):

The effective tensile stress in the steel in the FRP-strengthened member under the characteristic combination of
loads is being limited to:

< 0.80 f in case of reinforcing steel

< 0.75 f,x in case of prestressed steel

The compressive stress in concrete (FRP strengthened member) under the quasi-permanent combination of loads
should be limited to 0.45 fc when the structural element is exposed to chlorides or freeze/thaw attack.

Post-tensioned CFRP laminates:

The effective strain for the CFRP laminate under service loads will be limited to 0.92% (value experimentally
validated for the Sika® CarboStress system).

2.3  SHEAR STRENGTHENING

Shear strengthening of RC members using FRP may be provided through bonding the external reinforcement with
the principal fibre direction as parallel as practically possible to that of maximum principal tensile stresses, so that
the effectiveness of the FRP is maximized. For the most common case of structural members subjected to shear
loads, the maximum principal stress trajectories in the shear-critical zones form an angle with the member axis
that may be taken roughly equal to 45°, which is possible in those situations where the FRP is applied to both
sides of the beam.
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However, for complete wrapping or U-wrapping schemes, it is normally more practical to attach the external FRP
reinforcement with the principal fibre direction perpendicular to the member axis.

Closed jackets or properly anchored strips are always preferable compared to open jackets, as in the latter case
FRP premature debonding is usually expected; hence the effectiveness of the FRP is reduced. 2-sided configuration
provides the least effective performance due to the risk of debonding and the smaller effective depth.

For discrete strip configuration, the maximum centre-to-centre spacing between consecutive strips is limited to
the least of:

= 0.8ds
= di—(ns/3)l,max cos B
= be+ds/4

Where:

= dfis the effective depth of FRP shear reinforcement
= nsisthe factor for anchorage of shear strengthening (TR55, section 7.2.). Its value equals:
- O fora fully wrapped beam,
- 1.0 when FRP is bonded continuously to the sides and bottom of a beam (U-wrapped) and
- 2.0 when it is bonded to only the sides of a beam
" Jymax is the maximum anchorage length for the FRP scheme (TR55, Section 6.3).
= psis the width of FRP laminate, and
= B is the angle between the principal fibres of the FRP and a line perpendicular to the longitudinal axis of
the member

Note these limitations disallow the use of discrete strips in the case of beams with a limited available height
and/or wide FRP fabrics.

For members subjected primarily to uniformly distributed loading, the design shear force used to determine the
required FRP section does not need to be evaluated at distances less than d from the face of the support.

| | iDesign value of the applied shear force

'222221

P
JEs

The external FRP reinforcement may be treated in analogy to the internal steel (accepting that the FRP carries only
normal stresses in the principal FRP material direction), assuming that at the ultimate limit state in shear the FRP
develops an effective strain in the principal material direction &se which must not exceed:

= &4/2, where &4 corresponds to the design ultimate strain of the FRP.

= 05 ’Ef% , Where Efg is the design E-modulus of the FRP and ¢ is the total thickness of the FRP system.
fats
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= 0.4%

The shear resistance of the strengthened member is found by superposing the FRP and steel contribution under
shear forces, and limiting the stresses in the steel, concrete and FRP to ensure that they do not exceed their design

values.
| ﬁ @

Anticipated design shear load Anticipated design shearload

| \ ) FRP contribution )
]

Steel reinforcement contribution

Sted reinforcement contribution

Un-strengthened member FRP-strengthened member

Additionally, it must also be verified that the shear force can be sustained by the member, limited by the inclined
compression failure of the concrete (Clause 6.2.3 of Eurocode 2, Part 1-1).

According to Eurocode, the resistance of a concrete section is the minimum between the resistance of the
concrete compression strut Vrda,c and the maximum resistance of the internal reinforcement Vrg,s for a given angle
of the compression strut.

Vga = min (Vg c; Vga,s)
The method for the design resistance of an unstrengthened reinforced concrete section allows the truss angle to
be chosen by the designer to be either at the lower limit of 21.8° (cot 8= 2.5) or increased if desired up to a
maximum value of 45° (cot #= 1), to maximise the resistant shear resistance until a balanced equilibrium is found.
When FRP shear reinforcement is introduced, this typically has the effect of steepening the effective truss angle at
ULS. This effect can be modelled using the principle of superposition, considering the total effect to be the
superposition of two truss systems, one relating to the steel reinforcement, with a truss angle € limited to be
between 21.8° and 45° (i.e. 1 < cot 8< 2.5), and another associated with the FRP, with a truss angle equal to 45°.
The shear resistance is found by superposing these systems, and limiting the stresses in the steel, concrete and FRP
to ensure that they do not exceed their design values. This is equivalent to considering a single truss system with a
truss angle that is a weighted mean of the truss angles for the steel and FRP systems.
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The final strengthened shear resistance of the member under shear forces is determined as:

A
Verass = ASTszywdcotH + SLfW(df — % R P— cosﬁ) Efdsfse(sin[? + cospB) (eg. 7.1 TR55)

where:

Asw _
® Tzfywd cotf = VRd,s

. ?_fw(df - % Y —— cosﬁ) Erqepse(sinf + cosp) = Vear

e A is the cross-sectional area of steel shear reinforcement;

e s is the longitudinal spacing of the steel shear reinforcement stirrups;

o z is the lever arm between the longitudinal steel reinforcement and the centroid of the
compression in the section;

o fywd is the design yield strength of the steel shear reinforcement;

e 0 is the angle between the concrete compression strut and the beam axis perpendicular to the
shear force;

o Afw is the area of FRP (mm?) for shear strengthening measured perpendicular to the direction of the

fibres. When FRP laminates are applied symmetrically on both sides of a beam, Ass is the sum of the areas
of both laminates;

* sf corresponds to longitudinal spacing of the FRP laminates used for shear strengthening (mm). For
continuous FRP sheet, st is taken as 1.0;

o ds is the effective depth of the FRP strengthening, measured from the top of the FRP shear
strengthening to the steel tension reinforcement (mm);

* ns is O for a fully wrapped beam, 1.0 when FRP is bonded continuously to the sides and bottom of a

beam (U-wrapped) and 2.0 when it is bonded to only the sides of a beam;

o lymax is anchorage length required to develop full anchorage capacity;

e B is the angle between the principal fibres of the FRP and a line perpendicular to the longitudinal
axis of the member. B is positive when the principal fibres of the FRP are rotated away from the direction
in which a shear crack will form;

e Ey is the design tensile modulus of the FRP laminate (MPa);

®  Efse is the effective strain in the FRP for shear strengthening;

o b is the width of the FRP laminate (mm) measured perpendicular to the direction of the fibres. For
continuous FRP sheet, b is taken as cos f3;

o t is the thickness of the FRP laminate (mm).

This means that the additional contribution of the FRP (Vrq,f) is not always added arithmetically to the original
shear resistance of the un-strengthened section, because adding the FRP could change the angle of the truss @
(steepening it) and reducing the value of Vrd,s.

The strengthened shear resistance will be: Vgg = min (Vggc; Vras + Vraf)

Additionally, the Sika CarboDur® software can also calculate other strengthening options, not based on externally
bonded FRP laminates:
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Near-surface-mounted FRP reinforcement for shear strengthening.

The NSM bars are mounted in slots cut into the sides of the beam to be
strengthened

For shear strengthening using NSM bars mounted to the sides of a beam,
a similar approach of combining the contribution from the steel
(assuming a variable angle truss) and that from the NSM bars (assuming
a 45° truss) can be performed. Additional information can be found in
TR55, Section 7.5.

Sika CarboShear® L

The CarboShear® L profiles are carbon fibre shear links for high
performance shear strengthening. The L-shaped profiles are bonded
onto the beam and anchored into the top slab/flange.

Additional information can be found at the following tests report from
the Swiss Federal Laboratories for Materials Testing and Research
(EMPA):

=  EMPA Test Report 169219
=  EMPA Test Report 116/7

English
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Refer to section 2.1.2.

2.4 COLUMN CONFINEMENT

The main objectives of confinement are:

a. toenhance concrete strength and deformation capacities,
b. to provide lateral support to the longitudinal reinforcement and
c. to prevent the concrete cover from spalling.

For circular columns, these goals can be achieved by applying external FRP jackets. For rectangular columns,
confinement can be provided with rectangular-shaped reinforcement, with corners rounded before application.
Note that rectangular confining reinforcement is less effective as the confinement action is mostly located at the
corners and a significant jacket thickness needs to be used between corners to restrain lateral dilation.

Circular columns

The concrete section effectively
confined by the externally bonded
FRP jacket equals the net section of
the structural member.

Square/rectangular columns Long-shaped rectangular columns

Confinement is concentrated at the The efficiency decreases further
corners rather than around the with columns that exhibit long-
entire perimeter and thus the level  shaped cross-sections. The benefit
of confinement varies throughout provided by the confinement in
the cross-section, with much of the  case of 2:1 aspect ratios or greater
section having low levels of is almost negligible.

confinement

The stress-strain response of CFRP-confined concrete is illustrated schematically as follows:

Compressive Stress

B Heavily confined concrete. Its strength at 0.2%
deformation is enhanced. However, the concrete is still
capable to assume additional loads. The ultimate load is
higher than the peak load. This scheme corresponds to the
confinement model adopted by the TR55.

B Confined concrete. The peak stress remains at ~0.2%
deformation. The ductility is significantly enhanced.

B Original concrete. The peak stress corresponds to a
deformation of 0.2%, and the ultimate strain is located at
~0.35%.

0,2% 0,35% Axial deformation
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The figure displays a nearly bilinear response with a sharp softening and a transition zone at a stress level that is
near the strength of unconfined concrete, fco. After this stress the tangent stiffness changes, until the concrete
reaches its ultimate strength fcco When the jacket reaches tensile strain at failure &n,rup.

The limiting rupture strain is calculated as:

* 0.6 &4 for circular columns

" &g (0.46 (Zhﬁ) + 0.14), where h is the length of long side and Rc is the radius of corner.

The determination of the design strength of the confined column is carried out according to TR55, sections 8.3 and
8.5.
The software determines column strength under axial loads and bending moments in both directions, employing
the TR55 (Section 8.4) method for single-direction bending. Consequently, it produces Mx-My interaction diagrams
(Diagram 2) instead of the simpler 2D diagrams illustrated in TR55 Figure 34 (Diagram 1).

DIAGRAM 1 DIAGRAM 2

£oou

N . (Possible balance
i point corresponding to wo
Point 1 (Ng) ‘ 7 rupture or debonding I

l/ of longitudinal FRP)

My lkNm] |

. eccentricity Without m
e+ep longitudinal FRP o
/
/ [ 80—
/ 0.0035 ) 0.0035 o
|"F g L - I 250 200 150 W00 50 0 50 W0 B0 200 250
. ) 7 ) M [kMi]
& Hidlongi & Point 4 —) £ Eiliong !
M

Refer to section 2.1.2.

The limitations as indicated in Eurocode 2, Part 1-1, section 7.2 must be fulfilled as follows:

The effective tensile stress in the steel in the FRP-strengthened member under the characteristic combination of
loads is limited t00.80 f.

The compressive stress in concrete (FRP strengthened member) under the quasi-permanent combination of loads
should be limited to 0.45 fo« when the structural element is exposed to chlorides or freeze/thaw attack.
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3 USE OF SIKA® CARBODUR® CALCULATION SOFTWARE

3.1 INTRODUCTION

Sika® CarboDur® Calculation Software is an advanced solution for FRP design and assessment on reinforced

concrete structures. Following the most used and reliable FRP design guidelines worldwide, this powerful tool
enables engineers to efficiently identify optimal FRP products that meet specific structural requirements. The
software streamlines the design process, ensuring reliability, compliance, and enhanced project performance.

The software gives the possibility of access from any PC, laptop, tablet with an active internet connection. It is
compatible with all web browsers, and it offers an interface designed for modern use and ease of navigation.

3.2  REGISTRATION

Being a cloud-based software, before start using the software, it is necessary to complete a registration process
and to setup the access credentials.

The software is accessible at:
https://software.sika.com/structural

0 0 e @ From this page click “Launch App”

Sika® CarboDur®

FRP strengthenings of reinforced concrete elements

i

‘Website = English

e NOTE: The language of the page can be changed by

= Espanol selecting the language button located in the top yellow
i bar.

11 Francais

11 italiano

= Thai

= Magyar

b Czechy

== Hrvatski

=m Polski

#1 Romanian

Click “Sign up” and complete the form with your
name, surname, email, company, language, city, and
MySika Sign Up Form country.

*First Name Choose whether to access only the CarboDur®
Software or both the CarboDur® Software and
SikaFiber software.

Read and accept the Privacy Notice and Submit

ﬂ Check your inbox for two emails: one to set your
portal password, and one with the Sika Data
Protection Notice.

oG rRusT

Data Protection Notice

Sika takes the privacy protection of our business partner and clients very seriously and we
belleve that ihe privacy of our business pariner and clients Is a key value for building trust. The
GDPR Data Protection Regulation (Regulation EU 2016/679 - GDPR) requires companies to
CONStantly IMprove their approach 10 Privacy and the Way coMPanies collect, USe and stofe
personal information
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https://software.sika.com/structural

Signin  SignUp

MySika Login

test@test com

Once the password is set, it is possible to login and
start to use the software

CarboDur® Calculation Software A

END-USER LICENSE AGREEMENT FOR 'CARBODUR® CALCULATION
SOFTWARE'

IMPORTANT - READ CAREFULLY
By using this software application you agree to be bound by the terms of this license.

This software application is pratected by copyright laws and intemational copyright treaties.
The software application is licensed, nat sold

THIS SOFTWARE APPLICATION AND THE RESULTS DERIVED FROM ITS UTILIZATION ARE
INTENDED ONLY FOR USE BY USER KNOWLEDGE IN THE
AREA OF THE INTENDED APPLICATION. USERS MUST INDEPENDENTLY VERIFY THE RESULTS
BEFORE ANY USE AND TAKE INTO ACCOUNT THE SITE AND APPLICATION CONDITIONS,
PRODUCT DATA SHEET AND PRODUCT LITERATURE, TECHNICAL STATE OF THE ART AS WELL
AS LOCAL APPLICABLE STANDARDS AND REGULATIONS.

With respect to the software application and results derived from Its use. SIKA MAKES NO
WARRANTIES OF ACCURACY, RELIABILITY, COMPLETENESS, MERCHANTABILITY OR FITNESS
FOR ANY PURPOSE. THE SOFTWARE APPLICATION IS PROVIDED ON AN "AS-I5" BASIS AND .

At the first login the user will be required to accept
the EULA (End-user Licence Agreement) and the
privacy notice

NOTE: This popup will appear at each login, but only if
the "My projects" section is empty. Once the user
creates any projects, the popup will no longer be
displayed. The End User License Agreement (EULA)
always remains accessible via the “License Agreement

”

© caEnglish O esEspafiol () ot Deutsch () o1 Portugués O FR Frangals. 3 3
link in the top yellow bar.
Accept License Agreement
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3.3 HOME PAGE

Home page offers an overview displaying the icons for creating a new project, the list of existing projects, the
access to preferences, etc
A Carbollur® Home Licenco Agrosment  Webste 35 Faglih Py

New project

* ® & Iy

Section flexural-strengthening Section shear strengthening Column confinement B

e . o
== FrT— =
The yellow bar at the top allows you to view the
Licence Agreement  Website ks English A Profile Sign Out Llcense Agreement (EULA)' go to SIka'com Webpage,
switch languages of the software, edit your profile or
log out.
Preferences Accessing the profile and Preferences opens a window
s @ertora sy - o where the selection between Sl (International System)
e and US Customary Units measurement units can be
:w!.:nw\::m ’[‘e;ﬁ ;n;m of besms_ distance . . d one.
Section length e g width of 2 beam - »
Plan area (e.g. area of slabs) mt v
Snamaeg ol L : NOTE: Every single units of measure can be customized
Torque (e g bending moment) kNm v
The “My Projects” section appears in the centre of the
home page, showing a list of your projects. The
columns in these table can be easily rearranged
clicking on the © symbols.
My projects
The columns of the table represents:
Name = Element 2 Type Code ¢ Country ¢ . .
" ! e Name: name assigned to the project
e oS . el e Element: name or position of the element
Confinement Column <] TRS5:2012 France designed
s she Seckia o e = Type of design: confinement, flexural, shear,
- beam
Design code: (ACI 440, TR 55, CNR-DT 200 SIA
Last Modified ¢ Status ¢ Open for assistance 166)
el zozs s = e  Country: It shows the country product
I E s nFross — : catalogue used for that specific design
/09/2025, 152138 Conpes @ No ; e Date of last modification
e  Status or the project: It shows if the project is
complete or still in progress
e Open for assistance: It shows if the project is
locked or unlocked (see below)
Projects are private and locked by default; only the
a Open the project for assistance (Sika's representatives can view and edit) owner has access.

To request support from Sika on a specific project,
@D 07 e o o sstance ks epesntaties o viw and g open it and use the “Open the project for assistance”
= s slider. Click “Copy Current URL” to share direct access
with others. When finished, turn off the slider.
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NOTE: Access to projects opened for assistance is
restricted ONLY to members of the Sika organization.
Any shared link will not be accessible to external users.

The "New Projects" section enables users to create
‘: ﬂ*‘% new projects by selecting the appropriate button,
based on the required type of FRP strengthening.

Flexural strengthening of the critical section in a beam.

The Flexural module includes the dimensioning of the
necessary FRP, based on the anticipated bending
moments acting on the critical section of a RC/
Prestressed beam, subjected to both positive and
negative bending moments, including scenarios
involving also axial loads

Section flexural-strengthening

@ Flexural

Shear strengthening of the critical sectionin a
beam/column.

The calculation determines the required FRP based on
anticipated shear forces at the critical section of an RC
beam or column. Axial loads on the section can also be
considered in the design.

Section shear-strengthening

Column strengthening by means of CFRP confinement.

The Confinement module will comprise of the
mechanical enhancement of a RC member under axial
loads and bending moments. It allows the design of

structural strengthening through confinement for
reinforced concrete (RC) sections subjected to biaxial
bending moments, using SikaWrap® FRP systems. This
module facilitates the analysis of columns subjected

simultaneously to axial loads and bending moments

acting in two orthogonal directions.

Column confinement

Flexural/Shear strengthening of beam
; Software determines the distribution of the
anticipated bending moments/shear forces for the
ﬂ J RC/prestressed member, and calculates the necessary
w FRP flexural and shear sections and the arrangement
along the beam.

Beam strengthening . .
NOTE: This module will be released soon
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When starting a new project, the user must select the
country catalogue, the design guideline, the language,

New project: Flexural the project name and the element name or position.

Insert general data for the project

The country catalogue restricts FRP strengthening
products to those listed within that specific

Sika® Carbollur® catalogue country

France v

ing coe catalogue/country.
TR 552012 v The country catalogue and design guideline cannot be
Language modified after the project is created.
Fralisn N NOTE: Be sure that the chosen FRP design guideline is
Project name * consistent with the general concrete design code.
test
- General Concrete FRP Design
ement name Building Code Guideline
test beal ]
ACI 318 ACI 440 PRC-440.2-23
Cameet m Eurocode 2 TR 55
NTC 2018 CNR-DT 200 R1/2013
SIA 262 SIA 166
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3.4 GENERAL INFORMATION

Each project, when opened, displays an interface
consisting of panels that can be expanded or
collapsed.

At the top, there are two buttons (“Expand all” and

“Collapse all”) that allow the user to expand or
collapse all panels simultaneously.

Each panel features a coloured icon, where the colour
indicates the progress status of the individual project
section.

See below for the explanation of the colours

‘ cnr confinement
column
Last save: 12/09/2025, 17:08:28
Confinement of column

CNR-OT 200 R1/2012

Catalogue: Italia Distribuzione

The side bar is always displayed.

The top of the sidebar shows the project title, the
current design element, last save date, FRP guideline
used for this specific project and chosen product
catalogue.

NOTE: The country catalogue restricts FRP
strengthening products to those listed within that
specific catalogue/country.

Project details

-®

Steel

Column section

@

Loads

Strengthening

The central part of the sidebar displays all icons, each
representing different section of the project.

Green means that panel is complete
means that panel has not been opened yet
means there’s a warning in that panel

Red means there is an issue or some data are missing
in that panel

NOTE: In this way the user has always a complete
overview of the full project parts

« Strengthening

There are issues in:
« Loads

If there are any problems or warnings, they'll appear
beneath the icons so users can easily review them.

softwara.sika.com dice

You have unsaved changes. Do you really want to lesve?

wila

The lower part of the sidebar features a button
labelled “Save project.” This button remains grey
when the project has been saved and turns blue if
there are any unsaved changes requiring the user to
save the project.

NOTE: Most web browsers display a popup warning

about unsaved changes if you try to refresh, go back,
or close the browser window.

All steps completed

When all sections are completed and all the sidebar
icons display green, a button will appear at the bottom
of the sidebar, allowing the user to generate the print-
out report
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Preferences

Printout paper format: 0 A4
Curtent System: © International System

Units of measure:
international System

Plan length (e g length of beams, distance
between uprights)

mm v

Letter

US Customary

US Customary

Users are able to specify the desired paper size for
printouts. The document can be printed in either A4 or
Letter size.

The selection can be made prior to clicking the
“Generate report” button by accessing your profile in

the upper right corner of the page A Profile and on
% Preferences

the prefrences

.

TURAL STRENGTHENING

e st A

A full printout in PDF is generated after the project is
completed.

Print out contains:

e Design data
e Element data

e Lloads
e Strengthening details
e Results

Bending moments

Axial fort  4ecording to the sign of the ULS bending moment

Sign convention

Positive bending moments produce tension in the bottom fibers. Strenghening is positioned

S

In many parts of the software this symbol @is
displayed.

Clicking on it will allow the user to access additional
and useful information

ULS

- g0 100
®

<

=

Use ratio: 112%

00z

|Megl = 80 KNm > 71.4 KN = |Mgg(Ngg)|

» o«

In “Loads”, “Strengthening” and “Fire” panels these
indicators called “Use ratio” are shown.

These indicators represent the usage ratio for a
specific load combination or verification. They are
defined as the ratio of the design condition to the
resistant condition.

The use ratio indicator in the left picture displays the
proportion of the design ULS bending moment (Med)
to the ULS resistant bending moment (Mgad).

Use ratio= Med / Mrd

€) There are issues in:

+« Beam section

Width (bw)

[ 0O 5000

~
mm

Ry

Min 50 mm, max 3500 mm

Some conditions or logical parameters may not satisfy
certain limitations during calculation.

This information will be displayed on the main screen
and in the lateral bar too.

NOTE:

A This symbol indicates that the condition is not
satisfied. However, the user is allowed to complete the
calculation.

° This symbol indicates that some critical or logical
condition is not satisfied. The calculation cannot be
completed unless it is corrected.

Main strengthening
Arrangement Fabrication type

Externally Bonded v Lay-Up

v

Product

SikaWrap® 300 C-10cn v

The software, across all modules (Flexural, Shear,
Confinement, Beam) and for all supported design
guidelines (TR 55, ACI 440, CNR-DT 200, SIA 166),
applies a verification approach rather than a design
approach.
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Once the geometry and loading conditions are

defined, the user can select, using some dropdown
Resistance ULS (strengthened)

menus:
g0, 100 )
Q’o"' e The strengthening arrangement (Externally
3; Bonded or Near-Surface Mounted),
e g e The fabrication type (Wet Lay-Up or
Use ratio: 87% Prefabricated),

e the specific product (from the available products
listed in the Country Catalogue),

e and the geometry of the strengthening system
(width, number of layers, position).

Based on these inputs, the use ratio indicator is
— o updated in real time, providing immediate feedback
on whether the design satisfies the selected
verification criteria.

The layout of the chosen strengthening products is
always displayed graphically in the screen.

NOTE: This approach provides the user with full
flexibility in defining the strengthening system,
including the choice of products, positioning, number
of strips, number of layers, spacing, and inclination.
The adequacy of the configuration is always verified by
monitoring the section status through the use ratio

indicator.
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3.5 COLUMN CONFINEMENT

The Confinement module will comprise of the mechanical enhancement of a RC
member under axial loads and bending moments. It allows the design of structural
strengthening through confinement for reinforced concrete (RC) sections
subjected to biaxial bending moments, using SikaWrap® FRP systems. This module
facilitates the analysis of columns subjected simultaneously to axial loads and
bending moments acting in two orthogonal directions.

Column confinement

Concrete
Type

User defined

I

User defined
Csfi0
s
Cis/20
20725
Casf 35!
030/37
C32/40
C35/45
40750
Cas/55

strer

Characteristic tensile strength
EN-1992-11 fow

© User defined 23 MPa

In this panel, the characteristic cylinder compressive
strength of concrete (fw) is specified by the user. This
value can be selected from a dropdown menu, or, if
"user defined" is chosen, it may be entered manually.
Once fe is provided, the software calculates the design
compressive strength using the following formula:

fck
fcd Aec Ye
and the Characteristic tensile strength. This value is
calculated with the Eurocode formula:
&)
fete = 0.70fcem  form = O-SOfCt?;n
Additionally, the user can define manually the

characteristic tensile strength of the concrete (derived
from in-situ pull-off tests), clicking on “user defined”

Concrete coefficients
© EN-199211
User defined
uLs Accidental

1z 12

@

Consitutive model (design values)

o [MPa]

Fire

Coefficients a..e Y, are defined according to Eurocode
2, for ULS, Accidental and Fire conditions.

User can click on “User defined” to customize the
values

Stress-strain constitutive model (design values) are
visualized in ULS, Accidental and Fre conditions

o —uis
P — Accidenta
=7 -~ Fire (t=0)
0 T T T T T T T 1
0.0 05 10 15 2.0 25 30 35 4.0
£[x1073]
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Steel In this panel, the characteristic tensile strength of the

Type steel (fyk) is specified by the user. This value can be
selected from a dropdown menu, which contains a list
E:E.mm 1 of the most used steel types all around the world, or,

sjiz if "user defined" is chosen, it may be entered

8s00 manually. From the input of fy, the software calculate
the design tensile strength with the formula:

o _ fyk

Grade 40 fyd - V_S

Grade 50
Crade 60
Crade 75
Crade 250
Crade 275
Crade 280

el coefficients Coefficient y, is defined according to Eurocode 2, for

()BTRS ULS, Accidental and Fire conditions.
User defined
e . User can click on “User defined” to customize the
ccidental Fire
! : values

Ys

Consitutive model (design values)
450 5
oy Stress-strain constitutive model (design values) are
3504

visualized in ULS, Accidental and Fre conditions

300 |

olmpal *°7
200 |
150

— uLs

— Accidenta

50 == Fire (=0)

100 -

It is possible to select rectangular or circular concrete
section

In case of rectangular, width and height need to be
selected.

Rectangular o Circular In case of circular section, just the diameter of the
C section

NOTE: Although the TR55, for rectangular sections,
does not specify a precise geometric limitation for the
width-to-height ratio, it has been decided—following
other international design guidelines—to limit the B/H
(or H/B) ratio to a maximum value of 2.

Mechanical covering is the distance from the centre of
the longitudinal rebar to the outer edge of the
concrete, calculated as the sum of the concrete cover,
stirrup diameter, and half the longitudinal bar

-y --- diameter.
C
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° ° o |l:
° ° E
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o
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"
° ° ° '
)

-+ == G-30mm

For rectangular section, reinforcing bars are defined in
3 groups:

e Corner bars: bars at the 4 corners of the
section

e Horizontal bars: additional bars located on
the horizontal sides

e Vertical bars: additional bars located on the
vertical sides

For a circular section, reinforcing bars are defined as

b =300
o= the total number of bars evenly placed around the
perimeter.
) Each load combination is specified by an axial load
Axial force (Ny.s) Bending moment (My <) Bending moment (Myy,, <) . )
- - value and two bending moment values acting
850 kN " 30 kNm " 120 kNm " . i . k )
simultaneously in two perpendicular directions.
= . Each load can be assigned as positive or negative
ign convention . . . )
according to the convention shown in the figure on
Ay . ) .
[ m the left. It is possible to analyse conditions of
NY . y combined bending and compression (biaxial bending),
% T SRy D "'> . . .
L N tension and bending, or pure axial force.
£
Design axial resistance In this table the limit values of the axial load, in
Compression  Npg = fyg Ag + g A . . . .
e compression and in tension, for ULS, Accidental
damage and Fire (T=0) are showed
Limit states
Accidental
uLs Fire (t=0)
damage
Ngac 3504 6 kN 43273 kN 5069 6 kN
Neas 5354 kN 615.8 kN 615.8 kN

Ultimate limit state (ULS) loads
Combination loads for strength checks.

This represents the design values of the axial load
(Nuts) and the two design bending moments (Mx,uts
and My,us), for the ULS loads combination

Characteristic loads

Combination loads for serviceability limit

This represents the design values of the axial load (Nc)
and the two design bending moments (Mx,c and My,c),
for the characteristic combination of actions in

state. serviceability conditions
This represents the design values of the axial load (N#)
and the two design bending moments (Myn and My,x)
Fire loads acting in serviceability limit state (see section 2.1.3),

Combination loads for fire limit state.

using the quasi-permanent combination of actions as
defined in BS EN 1990. For the verification, the partial
safety factors of the materials for accidental design
situation are assumed.

Accidental damage loads
Combination loads for accidental
damage.

This preliminary verification is required (see section
2.1.2). It represents the design values of the axial load
(Ndamage) and the two design bending moments
(My,damage and My,damage) acting in serviceability limit
state, using the frequent combination of actions as
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defined in BS EN 1990. Material partial safety factors
for accidental design are assumed in the verification.

Resistance
0 100
Y @

ULS

)
®
/=)
~N
o
o =]
=]

Use ratio: 147%

My [k
o

For each combination, the use ratio (see section 3.4) is
displayed.

Below, a graphic visualization of the interaction
diagram of the section, in the plane Mx-My, shows the
diagram and the position of the combination (red
point).

NOTE: Use ratio > 100% means that the combination is
out of the interaction diagram.

SikaWrap® 300 C 10 em

t
—l

Define the following parameters:

e SikaWrap® fabric: select from the products
available in the Country Catalogue.

e Number of layers: specify the required number of
fabric layers.

e Fillet radius: define the corner radius for the
columns.

Strengthened section

|:| Unconfined
D Confined ~

The software provides a visual representation of the
applied strengthening and the effect of confinement.

The confined area of the concrete is highlighted in red.
As the height-to-width (or width-to-height) ratio
increases, the confined zone becomes smaller,
resulting in reduced confinement efficiency.

Resistance ULS (strengthened)

100
%0
&

Use ratio: 91%

B
My [kNm]

ooz

The software shows the use ratio indicator for the
strengthened section in ULS combination. Use ratio
<100% means that verification is ok and with the
chosen strengthening system and FRP quantity the
section is OK.

A graphic visualization of the interaction diagram for
the strengthened section , in the plane Mx-My, shows
the diagram and the position of the combination (red
point).
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Constitutive model of confined concrete

o[Mpa]

0
k]

6 — Unconfined
A — Confined
2

A comparison between the stress-strain diagrams for
unconfined and confined concrete is displayed

Product details
Product ikawr

Type of fibers

For the chosen SikaWrap® system, all the relevant
physical and mechanical properties are displayed.

The software evaluates the strength of the un-strengthened member in case of fire, calculating the anticipated
temperature profiles in the concrete section and the real fire resistance according to the fire loads, as shown in

TR55, section 5.7.1.

@ Fire

Checks for fire resistance

Set whether structural verifications for fire must be performed.

Perform checks?

The user can verify the member's fire resistance,
assuming FRP strengthening fails immediately at high
temperatures (see section 2.1.3 for details).

This option can be enabled is enabled by clicking the
box located in Fire panel.

Exposed faces
top face

left face 6 0 tight face

&

bottom face

The sides of the column that may be directly exposed to
fire can be flagged and selected by the user.

Strength check (t=30 min.)

At the bottom of the Fire panel, a slider indicates the
minutes of fire exposure. By adjusting the slider, users
can view in real time the use ratio in case of fire and the
interaction diagram in the Mx-My plane.

Temperature distribution (t=30 min.)

Temperature ['C] Residual strength of rebars.

A coloured graphical representation illustrates the
temperature distribution within the section. The black
dashed line denotes the location of the 500°C isotherm
at the specified exposure time, which delineates the
portion of the concrete section considered for residual
strength assessment.

Residual strength of the steel rebar is indicated on a
grey scale (black = 100%, white = 0%).

1200 100 %

noo
1000

%00 5%

800

700

600 S0 % Residual section
500 (equivalent to
400 S00°C isotherm)
300 25%

200

100

o 0%
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Resistance domain

— Ao

— R30
"‘ RED
Rao
R120
| — R8O

— s The chart illustrates the evolution of the interaction

domains in the Mx-My plane over time. It is clearly
R visible the contraction of the interaction diagram as
temperatures increase. The design load combination
under fire conditions is indicated on the chart by a red
dot.

T T P T R I T T
Mx [kNm]
Fire resistance class: R30

A full printout in PDF is generated after the project is
e A completed.
RTINS Print out contains:

e Design data
e Element data

e Lloads
e Strengthening details
e Results
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3.6  SECTION FLEXURAL STRENGTHENING

The Flexural module includes the dimensioning of the necessary FRP, based on the

Section flexural-strengthening

@ Flexural

anticipated bending moments acting on the critical section of a RC / Prestressed
beam, subjected to both positive and negative bending moments, including
scenarios involving also axial loads.

Concrete
Type

User defined v

User defined
cefo
2f1s
Cis/20
C20/25
[za/as!
030/37
C32/40
C35/a5
C40/50
C45/s5

strer

Characteristic tensile strength
EN-1992-11

© User defined

fon

23 MPa

In this panel, the characteristic cylinder compressive
strength of concrete (f«) is specified by the user. This
value can be selected from a dropdown menu, or, if
"user defined" is chosen, it may be entered manually.
Once fu is provided, the software calculates the design
compressive strength using the following formula:

fck
fcd Aec Ye
and the Characteristic tensile strength. This value is
calculated with the Eurocode formula:
&)
fetk = 0.70fcem  feem = 0'30fct3;n
Additionally, the user can define manually the
characteristic tensile strength of the concrete (derived

from in-situ pull-off tests), clicking on “user defined”

" Effective creep ratio

0

Creep may be taken into account by multiplying all
strain values in the concrete stress-strain diagram with
a factor (1 + der). (EN 1992-1-1, 5.8.6(4))

Concrete coefficients

© EN1992

User defined

73 @

o [MPa]

UuLs Accidental Fire
15
1
Consitutive model (design values)
= ULS
= Accidenta
== Fire (t=0)
T T T T T T T 1
00 05 10 15 20 25 30 3s 40
£[x1073]

Coefficients a..e Y, are defined according to Eurocode
2, for ULS, Accidental and Fire conditions.

User can click on “User defined” to customize the
values

Stress-strain constitutive model (design values) are
visualized in ULS, Accidental and Fre conditions
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stee! In this panel, the characteristic tensile strength of the

Type . .. .
steel (fyk) is specified by the user. This value can be
e selected from a dropdown menu, which contains a list
e of the most used steel types all around the world, or,
= if "user defined" is chosen, it may be entered
manually. From the input of fy, the software calculate
T the design tensile strength with the formula:
Grade 50
Grade 60 fyk
Grade 75 fyd -2
o ¥s
CGrade 280
teel coefficients Coefficient y; is defined according to Eurocode 2, for
(JESAR ULS, Accidental and Fire conditions.
Jser defined -
s e User can click on “User defined” to customize the
ccidental Fire
values

1
¥s

Consitutive model (design values)
450

400+ I

350 |

Stress-strain constitutive model (design values) are
visualized in ULS, Accidental and Fre conditions

300~

5 250

200

150 —

100

50—

0 T T T T T T T T T T 1

- - _ For designs involving bonded prestressed concrete
AT = = - sections, the Prestressed steel flag should be
activated. This value can be selected from a dropdown
menu, which contains a list of the most used
- s prestressed steel types all around the world, or, if
p— "user defined" is chosen, required values (Yielding

Grade 2060

G 260 strength, Ultimate strength, Elastic Modulus) need be

APLTDO

entered manually

YTIDDH (rod)

R The user can select one of the following basic shapes
for the element:

':l E ? o & 'E' e Slab

e Rectangular

b, - 700 mm s [ ] T-beam
: e Inverted T-beam
1 o |-beam
3 -comm = g =
) 8 e In case of slab section, the user needs to enter just the
E & S 3
8 8 : thickness of the slab.
i i = somm Additionally, fillets (chamfers) can be displayed for
. certain shapes, providing the possibility of defining
L complex geometries.
By - 1200 mm
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) °] e °]J NOTE: by selecting a suitable geometry profile, the
[--" ) xl [- - ‘] [‘" user can create parts of complex elements and
505 5 0% 5 05 5 o 5] 5 o 5] geometries

In this panel the internal steel reinforcement of the
section needs to be defined.

Internal steel reinforcement are divided in Top
Reinforcements, Bottom Reinforcement and, in case
of prestressed concrete section, Tendons

For each type of internal steel reinforcement the first

- Shbh phb b CEEE parameter to define the mechanical covering

C (Distance of centroid from the border). This represents
the distance from the centre of the longitudinal rebars
to the outer edge of the concrete, calculated as the
sum of the concrete cover, stirrup diameter, and half
the longitudinal bar diameter.

The definition of the top and bottom steel bars is

I R R Ve S determined separately for each layer, consisting of the
Oistance of centroid from barder  Bars number Bars diameter Area Delete fO”OW”’]g pa rameters:
o s L Rl a e Distance from the centroid to the concrete
P ! e - | surface (see previous point).

e Steel section.

A oo renorcements Each layer of steel section may be specified by

— providing the number of rebars, their diameter and

T o . o position, or by assigning the total area of steel and its
= : v @ location.

o : v The quantity of steel layers is not restricted.
o NOTE: For prestressing steel, the user should confirm
the mechanical properties of the steel and specify the
D Sy damet o =z osee actual stress in the steel at the time of strengthening
(fse). This value generally corresponds to the initial
prestressing stress minus any prestressing losses up to
the point of strengthening.

For the flexural strengthening design, it possible to
Axial force (Ng) Bending moment (Ma) (D consider an axial force acting on the section. This is
o W S0 km A] helpful to design, for example, inclined beams or
inclined roofs. Each load combination is specified by
an axial load and a bending moment value.

Each load can be assigned as positive or negative
according to the convention shown in the figure on
the left. It is possible to analyse conditions of bending
and compression, tension and bending, or pure
bending moments.

Sign convention

M
— W
N N

=
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Design axial resistance

In this table the limit values of the axial load, in

C essi N = fyg As + Ac T . . . .
TD":?;S o L f‘”A” Sl compression and in tension, for ULS, Accidental
e N Rt =Tyd As .
damage and Fire (T=0) are showed
Limit states
uLs Accidental Fire (t=0)
Nra.c 84857 kN 10513.2 kN 12399.9 kN
Npat -939 kN -1079.9 kN -1079.9 kN
Mag (Neg) 109.8 kNm 1292.9 kNm 1325.5 kNm
Mpg (Ngg) -354.2 kNm -4075 kNm -409.5 kNm
This represents the current values of the axial load
(No) and the bending moment (Mo) acting on the
section, at the time of the application of the FRP
strengthening system.
Initial loads

Combination loads at the time of the application of
strengthening.

This Initial loads can be due to: the self-weight of the
beam, the dead loads (either in whole or in part), live
loads (when applicable).

The software checks that those forces do not exceed
the initial strength of the un-strengthened element.
This condition must be fulfilled to continue with the
calculation.

Ultimate limit state (ULS) loads
Combination loads for strength checks.

This represents the design values of the axial load
(Nuts) and the design bending moment (Muus), for the
Ultimate State Loading (ULS) loads combination

Characteristic loads
Combination loads for serviceability limit state.

This represents the design values of the axial load (Nc)
and the design bending moment (Mc), for the
characteristic combination of actions in serviceability
conditions

Fire loads

Combination loads for fire limit state.

This represents the design values of the axial load (N#)
and the design bending moment (M) acting in
serviceability limit state (see section 2.1.3), using the
quasi-permanent combination of actions as defined in
BS EN 1990. For the verification, the partial safety
factors of the materials for accidental design situation
are assumed.

Checks for accidental damage
Set whether structural verifications for accidental damage
must be performed.

This preliminary verification is required (see section
2.1.2). It represents the design values of the axial load
(Ndamage) and the design bending moment (Mdamage)
acting in serviceability limit state, using the frequent
combination of actions as defined in BS EN 1990.For
the verification, the partial safety factors of the
materials for accidental design situation are assumed.

Prestress steel?

Statically indeterminate scheme?

Prestress loads

Statically indetererminate internal actions due to prestress

For prestressed concrete sections (where the
“Prestressed Steel” option is selected in the Steel
Panel), users must specify whether the static scheme
is statically indeterminate.

A statically determinate beam is one where the
support reactions can be found using only the
equations of static equilibrium.

In this scenario, the values of axial load (Np) and
bending moment (My), due to prestressing steel, are
automatically calculated by the software.

User Manual Sika® CarboDur® Software
BASED ON TR 55 AND EC2

October 2025 v. 1.0

ID: 870.26.10

English

32/43

DOCUMENT FOR THAILAND

BUILDING TRUST



A statically indeterminate beam, on the other hand,
requires additional compatibility and deformation
conditions to be solved, since it has more supports or
restraints than necessary.

In this scenario, the user is required to select the
appropriate option and manually enter the values for
axial load (Np) and bending moment (M,) attributable
to prestressing steel.

Check ratio:

Initial loads uLs Accidental damage loads

For the Initial, Accidental damage, and ULS loads, use
ratio indicators for the unstrengthened section are
shown (see section 3.4).

If the use ratio for either the "Initial loads" or the
"Accidental damage loads" exceeds 100%, an error
message will be displayed to notify the user that the
preliminary verification has not been successful.

NOTE: In this situation, strengthening can be designed;
however, generating the printout report is not possible
due to this error. The error appears in the Loads panel
and is indicated by a red icon in the lateral bar (see
section 3.4).

Typically, the strengthening system is located on the
bottom side of the beam (on top for negative bending
moments). This is called “Main strengthening” and

s S the option is selected by default. The available width is
displayed and it represents the maximum avaialble
space to place the FRP strengthening system.

The user should define the following strengthening
parameters:

A shiatnty e e  Arrangement: Based on the chosen country

[ — - ) catalogue, the user selects either an externally

e ¢ ¢ bonded system, a near surface mounted (NSM)

system or Post-tensioned CFRP (Sika®
CarboStress) for statically determinate beams, if
locally available.
= e Fabrication type: Based on the chosen country
== - catalogue, the user selects either a Prefabricated
L ]

Lot B [ Eomm——

kaWrap® 300 -10 cm
SikaWrap® 300 C - 30 em

SikalWrap® 600 C - 30 cm

Ecemadonded v Lyl v | SkeWepaot-soa v

system (Sika® CarboDur®) or a Lay-up system
(SikaWrap®).

e  Product: The user selects which product to use
from a dropdown menu.

e  Fraction: In certain Lay-up systemes, it is possible
to utilize a fraction of the fabric's original width.
For example, when selecting SikaWrap®-300 C —
60 cm, users may opt to utilize the full width or
choose from 1/2, 1/3, or 1/4 of the width. This
results in corresponding fabric widths of 30 cm,
20cm, or 15 cm.

NOTE: The software checks the available width against
the chosen fabric's width and only shows options that
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fit within the available width. In case the available
width is 300 mm, it won’t be possible select the full 60
cm fabric width.

ement

Extemally Bonded v Prefabricated v Sika® CarboDur® 5512

— [ ] L

Ultimate limit state (strengthened)

0 100

o
13
s
8

Use ratio: 91%

Number of strengthening layers: indicate the required
number of fabric or plate strips and layers. If the width
of the FRP matches the available section width, the
software allows the addition of multiple strengthening
strips. In the illustration, the user has chosen 3 strips
of Sika® CarboDur® S512.

NOTE: As already written, the user needs to select the
appropriate product, number of strips and layer to get
the use ratio (Med / Mra) below 100%

Extemally Bonded v Prefabricated v Sika® CarboDur® 5512

0 100
o ¥

‘ ‘ Use ratio: 66%

For rectangular, T-beam, inverted T-beam and I-beam
sections, the software allows users to apply the
strengthening system also to the beam's lateral sides
(rectangular), called "Side strengthening." While the
main application method is preferred, this option is
useful when the soffit is inaccessible or insufficient for
required strengthening, such as with narrow beams.
Side strengthening can be used in addition to the main
or as a replacement of it.

The choice of the strengthening follows the same logic
of the main strengthening. User has to define the
Arrangement, the Fabrication type, the Product, the
fraction (if available) and the number of strips and
layers.

Web
strengthening

/ Fillet

strengthening

| | Flange
. p \ // strengthening

| |I _— Side
strengthening

For I-beam sections, the software enables users to
apply FRP strengthening to the vertical Side, the Web,
the upper portion of the Flange, and the Fillet.

Strengthened section

Ultimate limit state (strengthened)

0 100
o ®
®
3
. ¥

The software displays the reinforced section with the
designed FRP systems and the use ratio indicator for
the ULS combination. A ratio below 100% indicates
that verification is successful and the section meets
requirements with the selected strengthening system
and FRP amount.

| L et are The values for the design bending moment (Med) and
) L R 19m o H i
— [Me =120 m =123.3 K = [Mg(Nio) the strengthened resistant bending moment (Mrd) are
compared.
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Ultimate limit state (strengthened)

g0 100
@

®

(=]

~

-}

00z

Use ratio: 97%
[Mggl = 120 kNm <123 3 kKNm = |Mpg(Ngg)

Additional check according to TR55S §6.2.4
115 Meg = 138 KN > 123.3 KNM = Mpg =
& = 0.0074 > 0.0037 = 0.002 + fya/(Eys)

In case 87% < Use Ratio < 100% (Mgd < 1.15 Meqd), the
software performs the required verification at §6.2.4
of TR55, checking the tensile stress of the steel
reinforcement.

“..if the ultimate moment of resistance, ..., is less than
1.15 times the required value, the section should be
proportioned such that the strain at the centroid of the
tensile steel reinforcement is not less than 0.002 +

fyk/(EsVs) 7

Serviceability limit state (strengthened)
O =57MPa<15MPa=06f

Oz =222 MPa <320 MPa=08Tfy

The software checks the characteristic serviceability
limit state, by comparing concrete and steel stress
levels to admissible values.

For the selected FRP systems (SikaWrap®, Sika®
CarboDur®, etc.), all relevant physical and mechanical
properties are provided, including the partial safety
factors used for the calculation and the serviceability
limit state check for the strengthening systems.

The software evaluates the strength of the un-strengthened member in case of fire, calculating the anticipated
temperature profiles in the concrete section and the real fire resistance according to the fire loads, as shown in

TR55, section 5.7.1.

© Fire

Checks for fire resistance

Set whether structural verifications for fire must be performed Perform checks?

The user can verify the member's fire resistance,
assuming FRP strengthening fails immediately at high
temperatures (see section 2.1.3 for details).

This option can be enabled is enabled by clicking the
box located in Fire panel.

Select faces exposed to fire

The sides of the beam that may be directly exposed to
fire can be selected by the user.

M [kNm]
— Mg 0

100

50

Time [mj

504

-100+

Fire resistance time t = 76.6 min
Fire resistance class RE0

The software displays a diagram. The horizontal axis
represents time, while the vertical axis indicates the
bending moment. The red lines indicate the positive
and negative values of the resistant bending moment
(Mrd* and Mrd’) over time. These values are determined
based on the temperature distribution in the concrete
section and by applying the 500 °C Isotherm Method
(section 2.1.3). The blue line represents the design
value of the bending moment under fire conditions,
denoted as Ms.

The lower part of the diagram shows when the resistant
bending moment equals the design value under fire
conditions, which determines the Fire resistance class.
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Time [min.]
e
i 30 60 90 120

Temperature [*C]

1200
Too
1000
900
800
700
600
500
400
300
200
100
o

180

A slider enables the visualisation of temperature
distribution within the section through a coloured
graphical interface.

240

.

FRA STRUCTURAL STRENGTHENING

e st A

A full printout in PDF is generated after the project is
completed.

Print out contains:

e Design data
e Element data

e Loads
e Strengthening details
e Results
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3.7  SECTION SHEAR STRENGTHENING

The Shear strengthening of the critical section in a beam/column calculation
determines the required FRP based on anticipated shear forces at the critical
section of an RC beam or column. Axial loads on the section can also be

considered in the design.

Section shear-strengthening

Concrete
Type

User defined v

User defined
810
2f1s
Ci6/20
C20/25
Eza/as!
C30/37
32/40
C35/45
Ca0/s0
Cds/s5

strer

Characteristic tensile strength

EN-1992-11

© User defined

23 MR

In this panel, the characteristic cylinder compressive
strength of concrete (f«) is specified by the user. This
value can be selected from a dropdown menu, or, if
"user defined" is chosen, it may be entered manually.
Once fe is provided, the software calculates the design
compressive strength using the following formula:

fck
fea = Acc—
C cc yc
and the Characteristic tensile strength. This value is
calculated with the Eurocode formula:

2
@
fetk = 0.70fcem  ferm = 0'30fct3;n

Additionally, the user can define manually the
characteristic tensile strength of the concrete (derived
from in-situ pull-off tests), clicking on “user defined”

Concrete coefficients

© EN-1992-111

User defined

o @

uLs

Accidental

Fire

Coefficients a..e Y, are defined according to Eurocode
2, for ULS, Accidental and Fire conditions.

User can click on “User defined” to customize the
values

Steel

Type

B400 v

User defined a
B240
B320
Baoo
Bs00
BSODA
BsooC
B700C
Crade 40
Grade 50
Grade 60
Grade 75
Grade 250
Grade 275
Grade 280

In this panel, the characteristic tensile strength of the
steel (fyk) is specified by the user. This value can be
selected from a dropdown menu, which contains a list
of the most used steel types all around the world, or,
if "user defined" is chosen, it may be entered
manually. From the input of fy, the software calculate
the design tensile strength with the formula:

fyk
ba=5

Steel coefficients

© EN-199211

Jser defined

Ys

uLs Accidental

1

Fire

Coefficient y; is defined according to Eurocode 2, for
ULS, Accidental and Fire conditions.

User can click on “User defined” to customize the
values
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The user can select one of the following basic shapes
for the element:

Rectangular Rectangular unaccessible from top T-beam o
D ] E e Rectangular

e Rectangular not accessible from top
e T-beam

I In the section "Rectangular not accessible from top"

7 and for “T-Beam”, it is necessary to specify the
dimensions of the section (Width and Height) and the
available height (hf), which indicates the space
available on the vertical sides of the beam for
installing the FRP shear strengthening system. This
takes into account the presence of a slab that can limit
the space for the application of the U-shaped

Available height (h) SikaWrap® fabrics.

L

N

h =500 mm

- = G=30mm

b =300 mm 300 mm

Mechanical covering (cy) is the distance from the
centre of the longitudinal rebar to the outer edge of
the concrete, calculated as the sum of the concrete

: cover, stirrup diameter, and half the longitudinal bar
- - diameter.

The definition of the internal shear reinforcement is

determined defining the following parameters:
Shear bars

Reinforcing bars along the sides. e Shear rebars number: This represents the
number of arms of the internal stirrups
Shear rebars number Shear rebars diameter (typlca”y 2 for normal stirru ps or 4 for double
, A g mm " stirrups)
e Shear rebars diameter
e Spacing of shear rebars: This represents the
N spacing, centre-to-centre, of the stirrups
200 mm 30 deg .
v e Angle of shear rebars: is the angle of the
stirrups with the axis of the beam. By default
it is assumed 90° (vertical stirrups).

Spacing of shear rebars (s) Angle of shear rebars (a)

For the shear strengthening design, it possible to

consider an axial force acting on the section. This is

helpful to design shear strengthening, for example, for

inclined beams or columns. Each load combination is
Axial force (Nu.s) Shear force (Vy.s) specified by an axial load and a bending moment

0 kN7 240 kN7 value.

b i

NOTE: The axial load exclusively affects the shear-
compression component (Vrd,c). When the failure
mechanism is determined solely by the shear-tension
mechanism (cot(6)=2.50), the axial load does not
affect the Resistant Shear (Vrd).
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Sign convention

lv

—
N

;ZT

tv

Each load can be assigned as positive or negative
according to the convention shown in the figure on
the left. It is possible to analyse conditions of shear-
tension, shear-compression or pure shear.

Ultimate limit state (ULS) loads

Combination loads for strength checks.

This represents the design values of the axial load
(Nuts) and the design shear force (Vuis), for the
Ultimate State Loading (ULS) loads combination

Fire loads

Combination loads for fire limit state.

This represents the design values of the axial load (N#)
and the design shear force (Va) acting in serviceability
limit state (see section 2.1.3), using the quasi-
permanent combination of actions as defined in BS EN
1990. For the verification, the partial safety factors of
the materials for accidental design situation are
assumed.

Checks for accidental damage
Set whether structural verifications for accidental damage
must be performed.

This preliminary verification is required (see section
2.1.2). It represents the design values of the axial load
(Ndamage) and the design shear force (Vdamage) acting in
serviceability limit state, using the frequent
combination of actions as defined in BS EN 1990.For
the verification, the partial safety factors of the
materials for accidental design situation are assumed.

S
uLs Fire (t=0) Accidental damage loads

A Wamning

+ Section s failing wiith fire

Errors:

« Section fails for accidental damage. This accidental damage check can be disabled by the user.

For the ULS, the Fire (t=0) and the Accidental damage
loads, use ratio indicators for the unstrengthened
section are shown (see section 3.4).

If the use ratio for either the "Fire loads" or the
"Accidental damage loads" exceeds 100%, an error
message will be displayed to notify the user that the
preliminary verification has not been successful.

NOTE: In this situation, strengthening can be designed;
however, generating the printout report is not possible
due to this error. The error appears in the Loads panel
and is indicated by a red icon in the lateral bar (see
section 3.4).

Full "
wrapping wrapping

The possible FRP schemes are indicated in the upper-
left corner of the panel Strengthening. The user must
define the FRP wrapping scheme to be used in the
calculation (refer to section 2.3 for additional
information).

The available schemes are:

e  Full Wrapping (SikaWrap® fabrics), in those
cases where the 4 sides of a rectangular beam
are accessible.

e  U-Wrapping (SikaWrap® fabrics), valid for all
the geometries.
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e 2-sided configuration (SikaWrap® fabrics or

Sika® CarboDur® plates), valid for all the
side NSM

wrapping geometries.
i : e Sika CarboShear® L plates (when locally
— e available), displayed on one or 2 sides, valid
for T-beams with a slab/flange height
exceeding 100mm.

e NSM profiles mounted in slots (when locally
available). Note that the calculation of this
configuration may not be possible in case of
beams with reduced height.

NOTE: Availability of strengthening options may vary
depending on the selected country catalogue. For
instance, if NSM is unavailable in the selected country
catalogue, the NSM option won’t be displayed.
For Rectangular not accessible from top and T-beam
sections, “Full Wrapping” option won’t be available.
\p:kw.)[ n ‘/ : The user should define the following strengthening
—_ i parameters:
100mm e  Product: The user selects which product to
i o e “ use from a dropdown menu

e Fraction: For some products, it is possible to
utilize a fraction of the fabric's original width.
o For example, when selecting SikaWrap®-300

Spacingbetwen stenghenings 6 ) [ C—- 60 cm, users may opt to utilize the full

—— 3

o d&o 8 o s width or choose from 1/2, 1/3, or 1/4 of the
width. This results in corresponding fabric
widths of 30 cm, 20 cm, or 15 cm.

% e Spacing between strengthening: User can

decide to apply the shear strengthening
either continuous or discrete. This slider sets
the spacing between the strips. Moving the

Product Fraction

SikaWrap® 300C - 30 cm v 12 v ]

" slider to the left (Spacing =0), the
strengthening will be considered continuous.
Spacing is measured perpendicular to the
strips.
R = e Angle of strengthening: The software allows
X g " users to design the stripes at an angle as
required. The slider enables users to select
the inclination angle of the strips relative to
7 7 the beam's axis.
7 Z e Number of Strengthening Layers: This slider
allows users to choose the desired number of
S shear strengthening layers.
‘ : ; .
NOTE: The software checks automatically the
O Eros: geometrical limits of the strengthening, according to
= The strengthening does not meet the requirements TR55. In case these limits are not fulfilled (see section
2.3) an error will be displayed .
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Strengthening

(5Bt ~Mimm >

The software shows the reinforced section with FRP
systems in two vertical views: one perpendicular and
one parallel to the beam axis. This allows the user to
view the number of layers, their arrangement, and the
angle of the strips.

Unstrengthened section

ULS

g0 10
®
©
&
8

a

00z

Use ratio: 107%

Vg =430 kN > 402.9 KN - Vgg(Ngg)
Lo =242
Vi = 402 9 kN
Vs = 4029 kN

Strengthened section
ULS

o 100

®®
®

o

~

o

ooz

Use ratio: 98%

Ved = 430 kN < 438 .8 kN = VRa(Ngd)
ot0=213
Vg = 438 8 kN
Vpas = 3551KN
Vs = 836 kN

The Use ratio indicator for the ULS combination for
the strengthened section (on the right), shows the
final result of the calculation. A ratio below 100%
indicates that verification is successful and the section
meets requirements with the selected strengthening
system and FRP amount.

Design shear force (Ved) is compared to strengthened
resistant shear (Vra).

The value of Cot A (always between 1 and 2.5) is
displayed below the use ratio indicator, along with the
individual values for each shear resistance component.
For the strengthened section

Vra = min (Vrqc; Veas + Virays)
NOTE: in this example we can appreciate what is
described in the section 2.3. The left side displays the
ULS Use ratio for the unstrengthened section. In this
case Cot @=2.42. This value maximises the resistant
shear Vra by ensuring balanced failure between shear-
tension and shear-compression, so Vpq . = Vg s.
On the right, the results for the strengthened section
are shown, indicating a steepening effect on the
compression strut (Cot 8= 2.13 < 2.42) that is
associated with the presence of the FRP. In this case
Veac = Vras T Vras

Product details

Product
Fraction

Type of fibers

Width (by)

Single layer thickness (t;)

Characteristic elastic modulus (Er)
Characteristic ultimate strain (znd

Strength (fr)

Partial safety factor on strain (yrrec)

Partial safety factor on elastic modulus (Veppg)
Partial safety factor on material (yerpm)
Effective strain (ggs)

SikaWrap® 300 C-30cm
n

C

300 mm
0167 mm
220 GPa
14.5 %o
3200 MPa
125

110

120
2.8%o

For the selected FRP systems (SikaWrap®, Sika®
CarboDur®, etc.), all relevant physical and mechanical
properties are provided, including the partial safety
factors used for the calculation and the serviceability
limit state check for the strengthening systems.

The software evaluates the strength of the un-strengthened member in case of fire, calculating the anticipated
temperature profiles in the concrete section and the real fire resistance according to the fire loads, as shown in

TR55, section 5.7.1.

© Fire

Checks for fire resistance

Set whether structural verifications for fire must be performed.

Perform checks?

The user can verify the member's fire resistance,
assuming FRP strengthening fails immediately at high
temperatures (see section 2.1.3 for details).

This option can be enabled is enabled by clicking the
box located in Fire panel.

User Manual Sika® CarboDur® Software
BASED ON TR 55 AND EC2

October 2025 v. 1.0

ID: 870.26.10

41/43

English

DOCUMENT FOR THAILAND

BUILDING TRUST



Select faces exposed to fire

The sides of the beam that may be directly exposed to
fire can be selected by the user.

The software displays a diagram. The horizontal axis
represents time, while the vertical axis indicates the
bending moment. The red lines indicate the values of
the resistant shear force (Vra) over time. These values
are determined based on the temperature distribution
in the concrete section and by applying the 500 °C
mboccoacccocpoady YoooohooooooonEoREEEoaaEEas Isotherm Method (section 2.1.3). The blue line
represents the design value of the shear force under

Y | , fire conditions, denoted as Veq,f.

T T T
0 60 90 120 180 20
Time [min.]

— Vauslt)

== Veas

Shear farce [kN]

e resistante time £« 876 min The lower part of the diagram shows when the resistant
Fire resistance cass RGO bending moment equals the design value under fire
conditions, which determines the Fire resistance class.

A slider enables the visualisation of several data used
for the verification under fire conditions using the 500

Show results at time °C |Sotherm Method
Time min] Changing the time of exposure to the fire the table
0 30 60 30 120 180 240 Shows:
Results at time t = 60 min . .
TSI o e The Reduced width and Effective depth of the
e section(due to the position in that moment of
Reduced design yielding stress of transversal reinforcements 232 MPa the 500°C isotherm)
Reduced area 96705 mm?
Cotangent of strut inclination 250 e The Temperature of the transversal
Shear capacity of tie 2554 kN .
Snear capaciy of strat e reinforcement and the consequent Reduced

Shear capacity 2554 kN

design yielding stress
e The total Shear capacity and its components,
together with the updated value of Cot 6.

A full printout in PDF is generated after the project is
e @ completed.

FRP STRUCTURAL STRENGTHENING Print out Contains'

e Design data
e Element data

e Loads
e Strengthening details
e Results
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4 LEGAL NOTE

By using this software application you agree to be bound by the terms of this license.

This software application is protected by copyright laws and international copyright treaties. The software application is
licensed, not sold.

THIS SOFTWARE APPLICATION AND THE RESULTS DERIVED FROM ITS UTILIZATION ARE INTENDED ONLY FOR USE BY
PROFESSIONAL USERS WITH EXPERT KNOWLEDGE IN THE AREA OF THE INTENDED APPLICATION. USERS MUST
INDEPENDENTLY VERIFY THE RESULTS BEFORE ANY USE AND TAKE INTO ACCOUNT THE SITE AND APPLICATION CONDITIONS,
PRODUCT DATA SHEET AND PRODUCT LITERATURE, TECHNICAL STATE OF THE ART AS WELL AS LOCAL APPLICABLE
STANDARDS AND REGULATIONS.

With respect to the software application and results derived from its use, SIKA MAKES NO WARRANTIES OF ACCURACY,
RELIABILITY, COMPLETENESS, MERCHANTABILITY OR FITNESS FOR ANY PURPOSE. THE SOFTWARE APPLICATION IS PROVIDED
ON AN "AS-IS" BASIS AND SIKA EXPRESSLY DISCLAIMS ANY WARRANTIES WITH RESPECT TO THE SOFTWARE APPLICATION
AND RESULTS DERIVED FROM ITS USE.

Sika shall not be liable for any consequential, punitive, incidental, exemplary, or special damages (including but not limited to
loss of business opportunity or loss of profit) arising out of the evaluation or use of the software application and results derived
from its use.

The information, and, in particular, the recommendations relating to the application and end-use of Sika products, are given in
good faith based on Sika's current knowledge and experience of the products when properly stored, handled and applied under
normal conditions in accordance with Sika's recommendations. In practice, the differences in materials, substrates and actual
site conditions are such that no warranty in respect of merchantability or of fitness for a particular purpose, nor any liability
arising out of any legal relationship whatsoever, can be inferred either from this information, or from any written
recommendations, or from any other advice offered. The user of the product must test the product's suitability for the
intended application and purpose. Sika reserves the right to change the properties of its products. The proprietary rights of
third parties must be observed. All orders are accepted subject to our current terms of sale and delivery. Users must always
refer to the most recent issue of the local Product Data Sheet for the product concerned, copies of which will be supplied on
request.

Except as indicated otherwise, all information, text, graphic images, features, functions, and layout contained in this software
are the exclusive property of Sika and may not be copied or distributed, in whole or in part, without the Company's express
written consent.

By transmitting information to Sika, you grant to the Company the unrestricted irrevocable license to use, reproduce, display,
modify, distribute and perform such information. Personal identity information is used by Sika only to process a request for
information by you or for marketing our products and services.

This License shall be governed by and construed and enforced in accordance with the material laws of Switzerland. The non-
mandatory conflict of laws provisions shall be excluded. Exclusive forum shall be the courts of Zirich, Switzerland.

Sika® and CarboDur® are registered trademarks of Sika AG.
All other products and brand names may be trademarks or registered trademarks of their respective owners.
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