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Fiber type Elastic Ultimate Rupture
modulus strength strain minimum
GPa GPa %
Carbon
General purpose 220 to 240 2050 t03790 12
High strength 220 to 240 3790 to 4820 14
U -high strength 220 t0 240 4820 to 6200 15
High modulus 340t0 520 1720 to 3100 05
Ultra-high modulus 520 to 690 1380 to 2400 0.2
Glass
E-glass 69 to 72 1860 to 2680 45
Sglass 86t0 90 3440 to 4140 54
Aramid
General purpose 69 to 83 3440 to 4140 25
High performance 110to 124 3440 to 4140 1.0
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Young s modulus Ultimate Tensile strength
FRP-system description | Propertyat O | Propertyat | Propertyat O | Propesty at Ruptureat 0
(fiber orientation) degrees 90 degrees degrees 90 degress degrees
GPa MPa MPa MPa
High-strength
Carbon/Epoxy degrees
0 100 to 140 2to7 1020 to 2080 35t0 70 10to 15
0/90 55 to76 55t0 75 700 to 1020 | 700 to 1020 10to 15
+45/-45 14to0 28 14to0 28 180t0280 | 180t0 280 15t025
E-Glass/Epoxy,
degrees
0 20to 40 2to7 520 to 1400 35t0 70 15t03.0
0/90 14t0 34 14t0 35 520to 1020 | 520 to 1020 2.0t03.0
+45/-45 14t0 21 14t0 20 180t0280 | 180t0 280 25t035
High-performance
Aramid/ Epoxy,
degrees
0 48to 68 2to7 700to0 1720 35t0 70 2.0t0 3.0
0/90 28t034 2810 35 280to 550 | 280 to 550 2.0t03.0
+45/-45 7to14 7to14 140t0 210 | 1400210 2.0t03.0

@ St 4y ST sl o jouelS Cunglio aiee Lis 1) FRP (g)log clagius jI (S (S Cuoglio Y-cill Jois

35290 FRP (5,0 (6a it 31 (631085 (03lod (onbuiS Caoglio Y- Jgu>

FRP- system de§criptiqn (fiber type/saturating Fabricwseight sttggr:r?te
resin/fabric type) (g/m°) (KN/mm)
General purpose carbon/epoxy unidirectional sheet 200 500
400 620
High —strength carbon/ epoxy unidirectional sheet 230 320
300 700
High-modulus carbon/epoxy unidirectional sheet 620 960
300 600
General-purpose carbon/ epoxy balanced sheet 300 180
E-glass/epoxy unidirectional sheet 900 720
350 230
E-glass/balanced fabric 300 120
Aramid/epoxy unidirectional sheet 420 700
High —strength carbgn/epoxy unidirectional 2380 3300
laminate
E-glass/ vinyl ester precured unidirectional shell 1700 1580
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FRP from Property Test method
Tensile stnrg;g:;[lrasstram dastic SIS, ASTM D 3039
Sheet to sheet- adhesive shear ISIS
Sheet to concrete- adhesive shear ISIS
Sheet and Sheet to conF;rete adhesive SIS
prepreg — tension .
Coefficient of thermal expansion ASTM D 696
Glass- transition temperature ASTM D 4065
ASTM D 2583, D
Surface hardness 2240, D 3418
Hoop-ring strength ISIS
Tensile strength, strain elastic SIS, ASTM D 3039
modulus
Flatstock to flatstock-adhesive ISIS, ASTM D 3165,
shear D 3228
Flatstock to concrete-adhesive
chear SIS
Flat stock Flatstock to concrete adhesive SIS
tension
Coefficient of thermal expansion ASTM D 696
Glass- transition temperature ASTM D 4065
ASTM D 2583, D
Surface hardness 2240,
D 3418
Tensile strength, strain elastic SIS, ASTM D 3039
modulus
. ISIS, ASTM D 3165,
Premolded Shell to shell-adhesive shear D 3298
shell Shell to concrete- adhesive shear ISIS
Shell to concrete- adhesive tension ISIS
Coefficient of thermal expansion ASTM D 696
Glass- transition temperature ASTM D 4065
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| b=400 .
Slasie ¢ [
ud.o.\l.lb .)Lu‘
b =400 mm
h = 600 mm o §
SYgd
A, =1200 mm?
f, =300MPa -
d — 546 mm el‘:’fli(l:‘I’e‘t.":’fa:‘l’e?.":’e'&:‘
o
f, =25MPa
FRP
A, =48mm’
E,, = 220GPa
¢frp =0.85x0.95=0.807 (S ol = 0)S) LU e Lol CFRP LUl
&y = 0.015
Sl ygiamd [P Slwle
Sy piiS sl byl (NS 23 L ‘ o
f! = 25MPa(30MPa = 3, = 0.85 Prwer
X = ¢S fyAS + ¢frpEfrp€frpu Afrp Ml?bo
a4 f. pib anl gla)
. 0.85x 300x1200+ 0.807 x 220000 x 0.015x 48 ol
0.85x0.6x 25% 0.85% 400 e
(s ,0)
X =100mm
a= f,x=0.85x100=385mm
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£,=0.0134> ¢ (= 0.0015) G555 s

(W59
oo 0| X |- 001500 (1% ] e gl
h—x 600 —100 o Lie
&, =0.003< 0.0035 o g
£, =0.003<¢,, 5 & >¢, (=0.002) 5 5,90
ﬂ#)‘) 9 J*BlLso Lghbl( ) )lz) d)90 oS el 1Y
a
M ¢SfyAS( j+¢frpEfrp8frpuAfrp(h Ej . e
0.85x 300 120((546—8—5j +(0.85x 0.95)x 220000 0.015x 48(600—8—5j ek
2 2 o
M, = 225.3x10° N.mm=225.3KN.m
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b=105

Slasio -
PRV P As
b=105mm
h =350 mm

h=350
d=325
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A, =300mm? || A
A, =100mnY
f, = 430MPa
d =325mm
d =25mm

—h (:E.:
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R Sl ([SisenS g ()lid g S o yiley] 05 (o)l 2,8 b o
0.65<f, =1.09—0.008f, <0.85 ' B
B, =1.09-0.008x 45=0.73 e
0'851(pcfcl31bx z + ((PfrpEfrpAfrp (gcu + &y )7 (Psfy(AS - AS)))<
- (PfrpEfrpAfrphscu =0
byyo plio b
0.85x 0.6x 45x 0.73x105x X* + L
(0.75% 155000 x 60(0.0035 + 0.0) — 0.85 x 430(300 —100))x L
sl

—0.75x 155000 x 60 x 350x 0.0035=0
X =81.0mm
a=f x=037x81.0=59.13

fe x—d _ 0.0035(81.0 - 25)
X 81.0

&, =0.00242 >~ 0.00215

£, =£q, ( d- Xj - 0.0035(—325 . 81'0] s S5

X 81.0
2 i y—S
&, =0.01054 > 0.00215 o
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synopsis

The Guideline for Design Specifications and Construction of
Strengthening RC Buildings Using Fiber Reinfor ced Polymers (FRP)

SYNOPSIS

The current guidelines provide recommendations for the selection, design and installation of
FRP system for externally strengthening concrete structures. Information on material properties,
design, installation, quality control and maintenance of FRP systems used as externa
reinforcement is presented. This information can be used to select an FRP system for increasing
the strength and stiffness if reinforced concrete beams or the ductility of columns and other
applications.

Based on the available research, the design procedures outlined in this document are
considered to be conservative. For the time being, it is important to specially point out the areas
of the document do still require research.

The durability and long-term performance of FRP materials have been the subject of much
research; however, this research remains ongoing. Long-term field data are not currently
available, and it is till difficult to accurately predict the life of FRP strengthening systems. The
design guidelines in this document do account for various environments. Long-term fatigue and
creep are also addressed by stress limitations indicated in this document. These factors and
limitations are considered conservative.

The factors associated with the long-term durability of the FRP system do not affect the
tensile modulus of the material used for design. Generally, this is reasonable given that the
tensile modulus of FRP materials is not affected by environmental conditions. There may be,
however, specific fibers, resins, or fiber/resin combinations for which thisis not true.

The document does give guidance on proper detailing and installation of FRP systems to
prevent many types of debonding failure modes. Steps related to the surface preparation and
proper termination of the FRP system are vital in achieving the levels of strength predicted by
the procedures in this document.

This document applies only to FRP strengthening systems used as additional tensile
reinforcement. It is currently not recommended to use these systems as compressive
reinforcement. While FRP materials can support compressive stresses, there are numerous issues
surrounding the use of FRP for compression. Micro buckling of fibers can occur if any resin
voids are present in the laminate, laminates themselves can buckle if not properly adhered or
anchored to the substrate, and highly unreliable compressive strength result from misaligning
fibersin the field. The use of types of FRP strengthening systems described in this document to
resist compressive forces is strongly discouraged.

This document does not specifically address masonry construction, including masonry walls.
Research completed to date, however, has shown that FRP systems can be used to strengthen
masonry walls, and many of the guidelines contained in this document may be applicable.
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synopsis

General Design Considerations

The presented design recommendations are based on limit-states design principles. This
approach sets acceptable levels of safety against the occurrence of both serviceability limit states
(excessive deflections, cracking) and ultimate- limit states (failure, stress rupture, fatigue). In
assessing the nomina strength of a member, the possible failure modes and subsequent strains
and stresses in each material should be assessed. For evaluating the serviceability of a member,
engineering principles, such as modular ratios and transformed sections, can be used.

FRP strengthening systems should be designed in accordance with the CCI, Concrete Code of
IRAN, strength and serviceability requirements, using load factors and strength reduction factors
stated in CCl. Additional reduction factors applied to the contribution of the FRP reinforcement
are recommended by this guide to reflect lesser existing knowledge of FRP systems compared
with reinforced and prestressed concrete. The engineer may wish to incorporate more
conservative strength-reduction factors if there are uncertainties regarding existing material
strengths or substrate conditions greater than those discussed in these recommendations.

For the design of FRP systems for the seismic retrofit of a structure, it may be appropriate to
use capacity design principles, which assume a structure, should develop its full capacity and
require that members be capable of resisting the associated required shear strength. These FRP
systems, particularly when used for columns, should be designed to provide seismic resistance
through energy dissipation and deflection capacity at the code-defined base shear levels.
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