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Page 1 0f3 Sikalrap-300G
Product Data Sheet 59003
N ©
SikaWrap°-300C
Carbon Fiber Fabric for Structural Strengthening
Description — Unidirectional, woven, carbon fiber fabric
forthe oy and wet application process
— Equipped with wef Fbers that keep.
the fabric stable heat-set process)
Usas - case of flexural and
shear load du to:
Zincrease of loacing capacity
Changes of buiding uiaton
= imverionof defcts ety ctrousios
Z Niaaiing of changed standards ér spechcations
- i shear
~ Flawibility of surface geometry (Beams, columns, chimneys, piles, walls)
~ Resi St chemicals e =
Z Fabric available in 2 widths foroptmum uiksstion
— Fiber orientation tailor-made
Technical Data
Fiber type High strangh carbon fbers
Fiber orientation o (unidiectiona]
Vieft: Thermaplastc heat.set fibers (1 % of totalareal weight)
Arsal weight 300g/m? 5%
Fiber Density 1.80 glem?®
o7
Tensile strength of fibers 3900 N/mm? nominal)
Tensile E-modulus of  230°000 N/mm? (nominal)
Tibers

Tt

I ok or e i SR e e S T
— = e ;
e ey
B : e
e ; e

Product Data Sheet
Edition 31/032011
Identfication no:
020401 01 002
‘Sika® CarboDu® M

Sika® CarboDur® M

Pultruded carbon fibre plates for structural strengthening as
part ofa Sika® CarboDur® system

a® CarboDur® polymer (CFRP)
System ” v ., designed for strengthening concrete, timber, masonry, steel and fibre.

ika® CarboDur®

reinforcament using Sikadu/®.30 epxy resin based adhesive for nomnl, or
Sikadu™30 LP epoy resi adhesive for
‘application and  or senvice.

Please refer to the relevant Product Data Sheet for mare detailed information about
‘aach of these adhesives.

[ Sia® CarbaD systems pr— o
resistance of structures for:

Increased Load Carrying Capacity:
. foor labs,

= For e nstllation of heawr machinery

= To stabilise vibrating structures

® For changes in building use

Damage fo structural elements due fo:

= Deterioraton o he orginalconsinucion materats

= Stee renforcement corosion

= Accidents (Vehicle impact, earthquakes, fire)

Change of the simictural system:
= Removal of walls and / or columns

= Removal of flaor and wal sections to create 3002ss / openings.
Resistance to possiie events:

= Increased resistance to earthquakes. impact or explosion ete.
To repair design or consiruction defects such as:
 Insuficient | inadequate reirforcament

 Insufficient  inadequate structural depth

K.K Company - www.KohanKarazma.com
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Product Data Sheet
Eiton 1108/2007

0204 01 02 001 0 00BOO4
SikaWrap®-630 G/150

SikaWrap©®-930 G/45
Woven glass fiber fabric for structural strengthening

Product ap®030
D

= Strength and ductiiy of columns
= Improved serviceabilty
= Structural upgrading to comply wih curent standards

Advantages. - ki

 Flesibity of surface geomelry (Bears, colurmrs, chimneys, ples, walls, sios)
- in several countres.

= Non cond:
Tests
App

- ICBO Evakiation Report ER 5668 {USA).
Product Data
Form
Fiber Type E-glass foers.
Fabric Construction _ Fiber orentafion: 0" (unidirecional).

Warp: white giass fbers (85% of total areal weight).
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Types of FRP

;

Carbon FRP Glass FRP Basat RP B Aramid FRP
Shapes of FRP
m “._\ "_;:;‘,h’, . T

3 { - i ?' l..‘ ] ."?!
. 'S |
e 7 S | ‘ ol 'y
4 i 10 .
s GFRP . B '
Deformed

)

Rebar FRP

Profile FRP
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Applications of FRP

Shear Zone Strengthenlng Compression Strengthening

Flexural Strengthening &
Deflection controlling

P

3

Shear & Flexural Shear & Flexural Strengt hening Connection Strengthenlng
Strengthening K.K Company - www.KohanKarazma.Com

Shear Strengthening



Shear Strengthening
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Shear Zone Strengthening
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Compression Strengthening
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Shear Strengthening
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Flexural Strengthening & Deflection controlling
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Shear Strengthening
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Flexibility increasing
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Shear & Flexural Strengthening
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Shear & Flexural Strengthening
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Connection Strengthening
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Shear Strengthening -
masonry wall
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Deflection control — PT Slab
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Negative Moment — Slab
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damper support
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FEDERAL EMERGENCY MANAGEMENT AGENCY FEMA 356/November 2000

PRESTANDARD AND COMMENTARY FOR THE
SEISMIC REHABILITATION OF BUILDINGS

Oln! oWt Gasteen

25 gyl g e e plajle

1055 5 jlugt Josd! s giasd

g2 90 S

Y7o 0 ko 4 pid

S el gl
Wbt g o 28 el 2ds
DP5 5 A ikl
AYAL

Ol el Gisiea

Sl silug Joalligiand jpuusi

(Jsl Uhalrag) 9290 slapleiz i
YV o plois dg puiss

J94an | puas) 53y o UG 3 6 Juadali p Caiglas
30ty s Saigles

i3l 30 RS 8

http:/ftec.mporg.ir




Olnl Yt e

235 S el 3 e pae Sl

S103 53 (5 3lwas JoxSt 5 gawo
392> g0 Thwwo g (Il SliS L

YYP ol 4y pid

3 gl Sdglas
Lk (FET) ..ug..!u ‘|_r"‘3 },.Q.Fya:
A5l g e s S
ITAF

ACI 440.2R-02

Guide for the Design and Construction of
Externally Bonded FRP Systems for
Strengthening Concrete Structures

Reported by ACI Committee 440
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rocking failure, and d) toe crushing
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(d)

In-plane failure modes of a laterally loaded URM wall: a) shear failure, b) sliding failure, c)
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i 0,

damper OTP150/50

bracing

damper support

L (ygsmw (o y3 9 (6 LS Ly gl

steel plates (2)

column
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mBuilding with damper

relative motion
between damper
cylinder and
damper piston

ground motion due to earthquake

- >
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cylinder

oil

sealing

orifice
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dislacement sensor
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hydraulic
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AY Rectangular Columns

Insuftfecient confined area
I:I Suffeciently confined area

Circular columns

Gy Oy
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Prestressed confined concrete columns
PhD student Lars Janke

Steel confinement
Reference CFRP confinement

L. Janke, C. Czaderski, J. Ruth, M. Motavalli, Experiments on the residual load-bearing capacity of prestressed confined concrete columns,
Engineering Structures 31 (2009) 2247-2256

Prestressed confined concrete columns
PhD student Lars Janke

steel plate, clamped P
at lathe chuck \N

band end, clamped

j/ to steel plate

(a)
mandrel S

rubber layer

rotation axi:
G5
translation
—_—

steel plate

friction brake (c)
load cell (d)

LJ guiding device with

steel or CFRP band (b)

rotation

&

shde frame (e)

concrete cylinder (a) Jathe saddle

Fig. 4. Prestressing procedure.

zaderski, J. Ruth, M. Motavalli, Experiments on the residual load-bearing capacity of prestressed confined concrete columns,
tructures 31 (2009) 2247-2256
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Prestressed confined concrete columns
PhD student Lars Janke

I 1 1 ]
(a) prebtressed | initially uristressed (b)
s2p2B-2 s2p0B-1
14— nY AI T of 'T
'| n -7 |
1.2 b-- ’ | - - "L
o /i ’ ’|r !
5 / el ' s2p2B-2
- 1 b-- o =
s f [ .
5 ,'. i ) }/,J
-8 0-8 —— |, :, — ] ,:
H ‘\:\ refdrence ! / $2p0B-1
o ~
Lo I Feai=1 ... /
E 06 | f.' €l 2 -
4 | i / |I
0.4 — l— ?l h— I} / )f
| /
/ / [/
02 /’ ""7— ,f
/ 7/
0 ol 2 t
0 1 2 3 0 1 2

Normalized axial compressive strain

Fig. 7. Typical axial load-compressive strain curves of Series B: (a) load cycle o
140% of F, with confinement, (b) breaking rest after removal of confinement

, C. Czaderski, J. Ruth, M. Motavalli, Experiments on the residual load-bearing capacity of prestressed confined concrete columns,

‘ing Structures 31 (2009) 2247-2256
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Static Cyclic Tests at Empa
fc =13.6 MPa

300 T T T T T T T T T

~w Max Hu = 231.44 kN

DTla
DT1b

0.80 * max Hu
Hu = 185.07 kN

Hu = 159.74 kN
D.69 * max Hu

200

=

100

Force [kN]
o

-100

-200

= 6 (69% of the peak load, measured)

~300 1 1 1 1 1 1 1 1 1
-100 -80 -60 -40 -20 0 20 40 60 80 100

Deformation [mm)]

EMPAQ

Ma terials Sci ence & Technolog y
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300

Static Cyclic Tests at Empa
fc =15.6 MPa

With CFRP

100 |-

Force [kN
o
1

-100

-200

T

~ Max Hu = 250 kN DT

Hu=208 kN «
10.83 * max Hu

Ductility = uyA = 4 (peak load)
=9 (83% of the peak load, measured)

1 1 1 1

-40 -20 0 20 40 60 80

100
Deformation [mm]

EMPAQ

Ma terials Sci ence & Technolog y
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Test vs. Calculations for the Empa Test

300

250

200

150

Lateral load

50 1

T T T T

20 40 60 80 100

Displacement

120

[=—Without CFRP ===1 FRP layer =3 FRP layers =5 FRP Layers ==Tested Data |

Column properties

17 Mpa Cylinder

Concrete |5 6 MPa Cube
Side length 600 mm
Comer rounding | 25 mm
YWrap propertes
Thickness (mm) 0.293
E-modulus (Mpa) 231000
Ultimate strain 0.0164
Reinforcement
Longitiudinal 16%16
Trangverse 3#6
Stirrup Spacng (in hingz] | 100 mm
Strrup Spacing (in rest) 150 mm
Steel Strength (MPa) [ 5006

K.K Company - www.KohanKarazma.com




Calculation of a Hotel Azadi Column Using Calibrated Analytical

Procedure

Load (KN)

600

500

400

300

200

100

i == \Nithout FRP =3 Layers of FRP — 5 Layers FRP
0 50 100 150 200 250 300 350

Displacement (mm)

400

Column properties

Concrete 20 Mpa

Side length 1400 mm

Corner rounding 50 mm

Wrap properiies

Thickness | 0.36 & 0.6 (mm)

E-modulus (Mpa) | 192500

Ultimate strain 0.005

Renforcement
Longitiudinal 36#26
Transverse 4#14

Stirrup Spacing ( hing=) | 150 mm

Stirrup Spacing ( rest) 200 mm

bieel Strength (MPa] 400
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without bond

Pre-stressed confinement h l |

Injection of polymer mortar
With pressure

/
\ Bruchversuch

Testing ! /|
20
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A0

2500

LIS

S00

Axial compression test

Confined column (6 layers FRP, prestressed by 2 hoses at each column side)

Maximum Load:

Maximum displacement:

3713 kN
-63.8 mm (at failure)

Maximum average reinforcement strain: -2500 ps
Maximum average FRP strain: -8063 pe + 2300 pe = 10363 pe

Cylinder strength of concrete after 28 days: 19.5MPa, Test was after 35 days (waiting for additional

data)

k

unconfined
fc = 20 MPa

1 1 1 1

Cold
Tl

an 40 =0 &0

Lol owrrmalazn [
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Deflection:

For seismic
60,000
40,000 ==
5
.=
<
Q
—
20,000
— Experimental (after
strengthening)
— Experimental (before
strengthening)
0 i
0 2 -+ 6

Deflection (in.)
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WEST JAPAN POSTAL SERVICE
COMPUTER CENTRE IN KOBE

fm‘:t“‘"’ ._ﬁn!‘: ‘

6 Story, 500 OOO sq ft space, supported on 120 bearings
Response during Kobe’s 1995

Isolated Conventional

Ground 0.30g 0.27g
6t Floor 0.10g 0.97¢g
67 % 260 %

reduction amplification
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MATSUMURA GUMI TECHNICAL RESEARCH CENTER

Response during Kobe’s 1995

Isolated Conventional

Ground 0.28g 0.28g
Roof 0.20g 0.98¢g
29 % 250 %

reduction amplification
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- Sup ex::structur Side

e e

'; aminated e
| bber Beari

Base Isolation System

- Steel Bar er
:

Principle .
Story Displacement ~ Acceleration  Story Displacemeni  Acceleration
o, T - piE=mjete o/ gec
! T ! cm ¥ [ 162 cm “ 1,103
8 30 Conventional Building b I Sie poig =
s ' ' 0.429 |
—_ ' \
o ' \ 628
§ 2.0 : ! 0.418
3 et ' ! 460
5 \ Base Isolation Building i iy
8 10 h=0.05 ! 0.287
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S B h=0.10
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= El Centro 1940NS
g Period(sec.) 25Kine Input
Seismic Acceleration Response Spectrum Comparison of Seismic Response
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Seismic Isolator

(Top Mounting Plate Not Shown) Energy Dissipation Core

o ot S g S

Steel Reinforcing Plates

Cover Rubbe/

Internal Rubber Layers

Bottom Mounting
Plate




I NI »
C— 5 = , }- Top plate L;"‘“ )’d LS\A JL‘UJ\J.A
L I ]
CLET ! [ Enclosing
| cylinder
l o : [5) |- Bottom
[ plate
FPS Isolator elevation
L | ] |
Gasket
il H n I
L oh /S I s ]
Articulated slider / '
FPS Isolator section

(b) FPS System
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Seal Retainer
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B ©  New Structural Strengthening Methods
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=== -
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&

Iintroduction to
Strengthem
Desngn & Meth

"
=2
':.

mth FRP
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Reasons for strengthening

= Deterioration due to ageing

= Crashing of vehicles into bridge components

= Degradation such as corrosion of steel
reinforcement

= Poor initial design such as corrosion of steel
reinforcement

= Lack of maintenance

= Accidental events such as earthquakes

" |ncrease in service loads

= Change to the structural system

= Large crack widths

= Large deformation



Advantages of FRP as compared with steel

Low weight and therefore easier application
Very flexible during installation

High strength ( although this strength cannot be
exploited in unstressed applications )

Good fatigue resistance

Immunity to corrosion

Disadvantages

Performance under elevated temperatures
Effect of UV radiation

Application of FRP and adhesives need qualified
personnel

Adhesives are dangerous for people and
environment

Material behavior: linear elastic to failure



Column strengthening

Short Circular Columns in Pure Compression

Short column

Cu < 6.2 F truct Equation 5-1a
J ¢ &
/ :
U <85 For bridge Equation 5-1b

D CSA-S6-88

g



Confinement

The compressive strength of the confined concrete, f’cc , Is determined from the
following equation:

fo=f(l+a,m,) Equation 5-4

For a continuous confinement, the volumetric ratio of the FRP strength to the
concrete strength is defined as:

_2fﬁ‘p

o, = , Equation 5-3
q'bf?ff.‘

The ultimate confinement pressure due to FRP strengthening, fip , may be
determined as:

2N [
bgﬁﬁpf frpu” fip Equation 5-2
D

g

S =

According to Theriault and Neale (2000), the FRP confining wrap is required to
develop a minimum confinement pressure:

iz 24 MPa Equation 5-5



To limit axial strains that may occur in a heavily strengthened column, the factored
strength due to the concrete of an FRP confined column should not exceed the nominal
strength of the concrete of an un-strengthened column

koo . <af. Equation 5-6

where Ke is a strength reduction factor applied for unexpected eccentricities and, o
, the ratio of average stress in the rectangular compression block to the specified
concrete strength.

The factored axial load resistance, Prmax, for a confined column is given by the
following equation:

R'max = ]':e [algbcfc:f("ig - ‘431* ) + (bsfv Asr] Equation 5-9



Short Rectangular Columns in Pure Compression

the columns must have their corners rounded so that their radii, r , satisfy the lesser of
the following conditions:

b
r2 = Equation 5-10

r > 35mm Equation 5-11

The maximum slenderness ratio for a short rectangular column, supporting an axial
load only with no significant bending, is given by:

0
L < = Equation 5-12a

< — : !
h \/p:f /fiA, CSA-A23.3-94




The compressive strength of the confined concrete is determined from the
following equation:

fc’lf = fcr(l + f)fpra)u-) Equation 5-15

For a continuous confinement, the volumetric strength ratio is defined as:

f
gfpr Equation 5-14

®,
"e.

The confinement pressure due to the FRP strengthening of a rectangular section is
computed as:

— 2Nl pp ppl g I Equation 5-13
fﬁ‘}? bh

where the FRP strain, &frp, is equal to 0.002 for non-prestressed confinement and
Efrp is the modulus of elasticity of the FRP. The effectiveness of the confinement
pressure is far less for rectangular sections than it is for circular columns.



Columns Flexural Strengthening

K.K Company - www.KohanKarazma.com



Columns Flexural Strengthening
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Determination of Flexural Capacity of Concrete Columns:

Stepl. Guess the distance of Neutral Axis from the Compressive Axis and calculation
the height of equivalent rectangular stress block (a).

a=pcC
Step2. calculation of stress and force in rebar and calculation of concrete force.
d.
—f,<fy = 600(1— —'j <f,
C
C, =0.85f.ab
if d>a—>F;,=Af,
if d,<a—F;=A(f;-085f)



Step3. Pn and € will be calculated by the following equations:

Equilibrium Equations:

I:)n = Cc + i |:si
i=1

e lf2) e
el i)

n n

Step4. For each supposed C, will obtained unique Pn, Min & €. By Try and Adjustment
Method, desired € will be obtained.

If obtained € in step 3 is equal to €0 (desirable €), € is acceptable; If €<€0 must

Select a smaller C and If @>€0 must select a bigger C.



The above steps 1 to 4 will use in calculation of Interaction Curve in Strengthened

Column by FRP, But MIn & @ must calculated by following equations:

h a L h h
M, =P, xe=C,| === |+ Y F,| = —d, |+ Fepx=
n n>< C(Z Zj = SI(Z |j FRPXZ

M 1 h a L h h
e=—=—|C,| =—= |+ ) F,| =—d. |+ Fp| =—Nh
P, R[ 0(2 zj Z S'(z ) (2 ﬂ

The above equations are based on ACI 318. If we use ¢cf’c instead of f'cand ¢y fy
Instead of fy , they will change into CSA code.




Ductility:

For seismic applications, FRP jackets should be designed to provide a confining
stress sufficient to develop concrete compression strains associated with the
displacement demands. The maximum usable compressive strain in concrete for
FRP-confined circular reinforced concrete members can be found by use of
following Equation (Mander et al. 1988).

o _L7Usf, —4f",)
cc E

c

While the confinement of rectangular columns have very low efficient for
increasing the axial strength, it could be very effective for improving the ductility
of rectangular columns.



Increase in ductility leads to the reduction of earthquake forces.

In base of FEMA 356, For concrete columns under combined axial load and
biaxial bending, the combined strength shall be evaluated considering biaxial
bending. When using linear procedures, the design axial load, PUF, shall be
calculated as a force-controlled action in accordance with Section 3.4. The
design moments, MUD, shall be calculated about each principal axis in
accordance with Section 3.4. Acceptance shall be based on the following
equation:



Beam strengthening

Flexural Failure Modes

Four failure modes may occur for a beam strengthened with externally-bonded FRPs:
1- Concrete crushing;

2- Steel yielding followed by concrete crushing;

3- Steel yielding followed by FRP rupture;

4- Debonding of the FRP reinforcement near or at the concrete/FRP interface.



Stress and Strain Distribution (Tension and Compression Reinforcement)

o & gﬁp+gbi oy

e __ s =5 _ Equation 4-31
¢c d-c h—c c—d

C.=¢.f A Equation 4-32

a.lgﬁcf(jﬁlbc + ¢Sf5'A; =¢ f.A + ¢ﬁpEﬁp5ﬁpAﬁp Equation 4-33 with f, = E &, < /,



Mode 1 : Compression failure of concrete

When neither the compressive nor tensile steel reinforcement have yielded, the position
of the neutral axis is determined by a quadratic equation in terms of ¢ in the form:

a4, /. B + B Ee (A, + 4 )+ 6, E, A, (6., +5,)k

—pEe (4d+4d )+ g, E, 4, he,)=0

Equation 4-35

Check the strains in the materials to verify whether the assumed failure mode is correct:

' ' C_d
s =&, e, =€, . Equation 4-34a

d—c
E,=&;+HE, = gm( ) Equation 4-34b

h—c _
&y = €0y — &), Equation 4-34c



The resisting moment is computed from:

M?’ — ¢.Sf-SAS(d 5) _¢SfS'AS (d 5)

Equation 4-36

a
T ¢ﬁpEﬁp gﬁ‘pAﬁ”p (h _5)
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Mode 2 : Steel yielding followed by concrete crushing

When both the tensile and compression steel have vielded, Equations 4-35 and 4-36
become:

a'l¢cf;ﬁlbc2 T (¢ﬁp EﬁpAﬁp (gcn T Epi )_ ¢5‘f1«‘ (As - A; ))C
=Pk ppApphe, =0

Equation 4-37

Check the strains in equations 4-34a, 4-34b and 4-34c by c obtained from equation 4-37:

w—esfafa2)-afo-2)
: 2 2 Equation 4-38

a
+ ¢ﬁPEﬁpgﬁpAﬁp(h 5)

In order to compute c when (e’s>ey ) & (es<ey) or (e’s<ey) & (es> gy ) one must
use Equations 4-33 and 4-34a or 4-34b.




Mode 3 : Tension failure of FRP

When the failure mode is FRP rupture in tension, the tension steel has invariably yielded
(es > ey ) and the strains are computed as;

1 1 ' C— d' .
. T Egp = (gﬁpu T gbf{ Tz ) SELEEL 2R
B _( d—c ,
E, =&, tE, = € fipu + &y, P Equation 4-39b
C
E.=¢&,teE, = (gﬁ,p“ + &, { P c) Equation 4-39¢

The position of the neutral axis is obtained by combining Equations 4-33 and 4-39a, and
by replacing the strain in the FRP by the ultimate tensile strain. After verifying for
yielding of the tension steel using Equation 4-39b, the resisting moment is then
computed as:

a, ¢'cfcrﬁ1bc + ¢5-f3!A,; =9 f A+, E; 65,45 Equation 4-33



M, =¢,f,4, (d 3) ¢, /14, (d‘ 5]
| 2 2 Equation 4-40
a
+ ¢ﬁp r fip® fipu Aﬁ;v (h B 5)

When both the tensile and compression steel have yielded, Equation 4-40 takes the form:

s fafa-2) 4o 2]
1 2 2 Equation 4-41

a
050 E 5 Ay, (h - 5)
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Example 1:

Data:
concrete section: h =105mm; 7 =350 mm

steel: AS =300 mmz; d=325mm ;
/. = 430 MPa

concrete: fcl = 45 MPa

_ 2. — .
FRP: Aﬁ,p =60 mm~; Eﬁ,p = 155GPa ;
=0.0155 ; ¢,, =0.75

€ frpu

K.K Company - www.KohanKarazma.com



1-  Assume ftailure mode: concrete crushing and steel yielding.

2-  Compute & and f3;:
a, =0.85-0.0015f. >0.67 Equation 4-6a

a, =0.85-0.0015(45)=0.78 > 0.67

/61 =097 - 00025]:‘ >0.67 Equation 4-6b

S, =0.97-0.0025(45) = 0.86 > 0.67

3- Compute the distance to the neutral axis ¢ neglecting the contribution of the
reinforcing steel 1n the compression zZone:

algﬁc‘f;ﬁlbcz + (¢ﬁpEﬁpAﬁp (gcu + gbf)_ ¢sf1:As }
~py A, g h=0

Jrip“"fip©cu

Equation 4-25
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0.78x 0.6 x45x 0.86x 105 ¢*
+(0.75%155000x 60x (0.0035+0.0)- 0.85x 430 300)c
—0.75x155000% 60x0.0035% 350 =0

¢=93.1mm

and
0= fe=086x93.1=80.1 mm

Check the strains 10 the materials to Verify whether the assumed fadure mode 1s
cotrect:

-~ 350-93.
£, =& u - &, =0.0035 0951 -0.0 Equation 4-22
fip c c bi 03 1

£y = 0.00966 < ¢ fou
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Since &, <

i <€ (equal to 0.0155) and the steel has yielded, the assumed

failure mode 1s correct and we can compute M . as:

M = fyAS(d —%] +¢, E, e, A ﬁp(h _%] Equation 4-26

M, = 0.85x 430 300(325 _8(;1]

+0.75 %155 000 x 0.00966 x 60(350 %}

M_=52.16x10° N-mm =522kN -m

For comparison purposes, this beam without FRP strengthening would theoretically

fail with a factored Lesisting moment equal to 32.9 kN-m. indicating that the gﬂin in
flexural strength due to the CFRP strengthelﬁng 1s 58%.
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Shear Strengthening

Completely 3-sided “U- 2 sides
wrapped wrap”

Effectiveness decrease
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Fully Wrapped Configuration

Completely wrapped
(Drill through slab)

K.K Company - www.KohanKarazma.com



Shear in Beam

FRP materials may
be applied as
external stirrups to
increase the shear
strength of
reinforced concrete
sections.

e

(P

s fiber direction

Jr |

(a) —FRPs on lateral faces

EEE TE R

4\ ¥ L

45° shear crack

b
LY
A
L

AY

LY

A
LY
Y
Y
AY

Tfibre direction, 2 =90°
(b) —~U-shaped bands

Figure 4.4 — Effective Lengths of Reinforcements

A
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' .
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. '
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Figure 4.5 — Typical Shear Strengthening Scheme
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Design Principles

B Equation 4-55a
Vo=Vt V4V, CSA-A23 3-94
_ - Equation 4-56a

Vo =217, \/7 b,d CSA-A23.3-94
Vo= ¢Sf_1’Avd Equation 4-57a
s R CSA-A23.3-94

with Ay and s the area and spacing of the transverse steel reinforcement,
respectively. The contribution of the FRP is:

_ ¢ﬁ'p E fip® fipe Aﬁ'p dﬁ‘p (sin 5+ cos )

S.ﬁ'p

V.

e Equation 4-58



A, =2

iy S i Equation 4-59

The effective depth of the FRP stirrups, dip , is measured from the free end
underneath the slab to the bottom of the internal steel stirrups, or is equal to h
when the section is totally wrapped.

The effective FRP strain € pe is found either by testing or by using Equations 4-60a

and 4-62 below. The effective strain € pe must however be limited to a value of
0.004.

€ fpe = Rb‘ﬁ,pu Equation 4-60a
T
R=u /11 c Equation 4-60b
P frp E fip
2t . W
_ T frp S i -
P4y = Equation 4-61

b wS fip



In Equation 4-60b, the reduction coefficient for the effective strain, e, 1s equal to 0.8

and the parameters A, and A, are as follows:

CEFRP rupture A, =1.35

A, = 0.30

For GFRP rupture, Triantafillou and Antonopoulos (2000) did not prescribe values
for the coefficients A1 and A2 since there was insufficient experimental data.

However, it may be reasonable to use the A1 and A2 values for AFRP as being also
applicable to GFRP, given the present state of knowledge; see for example Section

4.6.6.1 of this manual.
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4.6.6

4.6.6.1

Design Examples

Design example 4.8 — rectangular beam

Data:
concrete section: b =105 mm ;

h =350 mm 3% ___________________________
steel: A, = 300 mm 2 ; oY o WX xR

d=325mm =d ,_ : 4.76 mm stirrups f::{_-: f_-:j:::.'-':{'-}:.{:. .{:-:::.-
e 225 mm c/c apart |

v
(9
f, =400 MPa R e 2
T . ) 3NO.10M i o
shear remtforcement: steel stirrups of

4.76 mm diameter; s = 225 mm ; e

f,=600MPa, 4, =36mm  75mmstips  |e_jo5 —]
| @150 mm
concrete: f . = 45 MPa i
=60mm *; £

le——350 —>

FRP: A4 o =155GPa ; ¢

Jip Jir
shear reinforcement: GFRP U-shaped bands; ¢ . 1.3mm ; w B = 75 mm:

=150 mm ; E., =22.7GPa ; 6,,, =0.02; n, =1

=0.0155; ¢, =0.5

Jrpu

S fw fip
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The concrete (Equation 4-56a) and steel (Equation 4-57a) contributions to the
shear capacity are, respectively,

V.=02¢+f.b.d Equation 4-56a

V. =0.2x0.6x~/45x105x325=27.47x10°N

and
" Ad
V = L Equation 4-57a
S S
= 0.85><60202>;36x325 _9652x10°N

For the FRP contribution, we must first compute the FRP effective strain. We
first compute the FRP shear reinforcement ratio as:
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. 2t o\ Wi =(2><1.3j( 75)21.24%
2L By S 105 N\ 150

the FRP area as:

A = 2wﬁ,pl = 25 785%] 3 =196 mm?

Sip Jrp

and the etfective anchorage length as:

25350
L,= . 1058
(g X E )™
5 23350 =64.8 mm

" (1.3%22700)%%8

Equation 4-61

Equation 4-59

Equation 4-64

Compute the effective strain using Equations 4-62 and 4-63. We tirst determine

the parameters k, and k, as follows:
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i =273 2/3
k, = Ye — 45 —1.38 Equation 4-63a
27.65 27.65

v _ A —nL. _325-1x64.8
2 d 325

Note: n, =1 since U-shaped stirrups are used.

0.8 Equation 4-63b

Jip

The effective strain 1s then computed as:

ag . k. k.l
£ ppe = ¢ﬁ$’52‘5~ ¢ Equation 4-62
£, = 0.8x0.5%1.38x0.8x64.8 — 0.00301
JP 9525

Compute the effective strain using Equations 4-60. We first determine the ratio
of effective-to-ultimate strain R as:

W2/3 2
R =i, | e Equation 4-60b
P fip Eﬁ'p
2/3 0.47
R=0.8x1.23 45 =0.229
0.0124x 22 700
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Note: the values of /'il and /12 for AFRP are used in this example.

=Re, =0.229x0.02 =0.00458 Equation 4-60a

E_ﬁ;r;r: frpu
For design purposes, the effective strain will be the least of 0.004, 0.00458 and

0.00301; thus, €, =0.003.

Jrpe

5-  Fnally, the FRP contribution to the shear capacity 1s computed as:

_ qﬁ_ﬁ?} Eﬁ*p E_,qum Aﬁ'p d_ﬁ;;;r (Sln 13 + COS ﬁ)

V o= Equation 4-58
Jrp
Sﬁp
y_ 0.5x22700x0.003%195x 325(1.0 +0.0)
Jip 150
Vi, =14.39x 10°N =14.4kN
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G-

The factored shear resistance of the beam section 1s:

Vi =Vt Vgt ¥ g Equation 4-55a
V. =(27.47+26.52+14.39)x10° =68.38x10° N =68.4kN

V' shall be smaller than the maximum given in Equation 4-66a

V, <V, +084¢.f.b.d Equation 4-662

7

68.4x10° <27.47x10% +0.8x0.64/45 x105x325=137.4x10°> N

For the present case, the FRP reinforcement leads to an increase of 26.7% of the
shear capacity of the beam.
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