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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

e o B e 10> L AFRP 3 GFRP CFRP (clacyjselS S (cla S3sg puolio o}l Y=Cill Joas

ol 00 013 LS o jarelS Cuoglie (ly dnyd yao
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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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v, =1.0.85><400>< 2x 200><395=211KN oo by
4 200
T
Vfrp = Z ¢frp ffrp Nb tfrp Dg




- slgletle jlue 2l Blgs g (2l Jeall)gin
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SYed
Fy =400MPa

A4=2500 mm?
d=450 mm
A, =200 mm’ @200 mm

d)'f)b.
V,=500 KN
fC =25MPa

FRP

500

500

[B) ot

(@ ® o)
o o
K
i
o o
FRP



AR

FRP gdlas b ao)l o (slacl cogis olhb (clanly 0 Cusgn

f

frpu

= 2400MPa

t. =0.36mm

frp

$yp = 0.85x0.75=0.64

(oS o) oMo Jore boylyis : GFRP acs U

E . = 70GPa
Joj:;w o9 Slasbre
V, =0.24,./ . b,d
V, =0.2x 0.6 x /25 x 500 x 450 =135 KN SVS——]C
v _¢f,Ad sy Cenglio
° S las
v, = 0.85x 400 x 2 x 200x 450 _ 306.0 KN
200
V. +V, = 4539
N> 502(\/;5—\:0 —dvs)
frp EfrpL frp Maw Al
e o2
oS o0 odliinl Y 4 )
Vfrp = ¢frp ffrp Nb tfrp d
V,,, = 0.64(0.002x 70000) x 4x 0.36x 450 = 58.1 KN Vi daslos
V, =V, +V +Vy, Vi,
V, =135+ 306+ 58.1=499.1 KN
V, <V, +0.84,,/f, b,d Cub s S
V., =135x10° + 0.8x 0.6 x +/25 x 500 x 450 i
=675KN  OK oz Sbo
Amd e ol 1y Lial38 10%0 a5 sl o il 499KN 4,4.54 kN ; ey Cad b 30 o st lie

FJbe

FRP GUIL 55 clasuin b IS (6l ol gdune 050 ot (5)lid Co sl Caugllas



e Saplotle ilugy ] Lulgs 5 (b Joallygius Vo¥

Olasuie :
L,’J»M.)l:ul
¢, =3000 mm,D, =500 mm, A =196350 mm’

Y 99
F, = 400MPa
A4=2500 mm?

&5 )L
N, =1500KN, N, =1550 KN
N, =1.25N, +15N, = 4200KN

S ygame I S
Nrma=3110 KN
f_ =25MPa
(oS 5l = i) oMo Losmo Ll : GFRP Gl
FRP
f oo = 2400MPa, t,, =0.36mm, ¢, = 0.85x0.75= 0.64
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NOTE:
Wid
R MATERIAL PROPERTIES
A . THE MECHANICAL PROPERTIES ARE AS SHOWN:
4 MATERIAL ELASTIC ULTIMATE
TYPE MODULUS(GPz) | STRAIN (%) | THICKNESS (mm)
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Lve%j GLASS FIBER Ep Fipo T
b [ =
f ; FRP Wrap
| FRP Wrap — ——
+Level 3 ;
[ —
|t I
— 2
b or R ‘
—00 o - CIRCULAR SECTION GENERAL SECTION
Qo
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a Ao
FRP Wrap
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= _
N
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N.T.S D
1 1
= - o
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dm@ n
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N.T.S
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Ifemref | Quantity | Title/Name, designation, material, dimension efc Article No./Reference
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NOTE:
MATERIAL PROPERTIES

THE MECHANICAL PROPERTIES ARE AS SHOWN:

Wide

N

MATERIAL ELASTIC ULTIMATE
TYPE MODULUS(GPz) | STRAIN (%) | THICKNESS (mm)
CARBON FIBER Eo o ™
Lvekﬁj - GLASS FIBER Ep Fipo T
z a . FRP Wrap ;
X — FRP Wrap
\ |
| 1 E
+Level 3 N
N —
. . E
2 L
| b orR |
NONCIRCULAR SECTION
+0.00 B ( OR RECTANGULAR SEC.) GENERAL SECTION
T Ts r (radius of the edge)
\ 5 |
N FRP Wrap
< i i ,, / (2-ply C or GFRP)
FRP Wrap o m@n
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: I S om
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Section 3-3
N.T.S
r (radius of the edge) }‘*’\ FRP W
rap
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FRP Wrap “ N gﬂ)m@ t
/(2-ply C or GFRP) > .
J 1 ndm
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NOTE:
MATERIAL PROPERTIES
THE MECHANICAL PROPERTIES ARE AS SHOWN: A
MATERIAL ELASTIC ULTIMATE
TYPE MODULUS(GPz)| STRAIN (%) | THICKNESS (mm)
CARBON FIBER o o T
FRP LAMINATE GLASS FIBER . i Yo
C‘ L
|
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!
Bor | B
i
BACK }
\
" Strip U-Wrap(Partial) "
TYPICAL SHEAR STRENGTHENING WITH FRP #1 C

U Shape FRP Wrap

(.‘b = ‘ (/" <,b D
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Beam\ Beam |
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C
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C‘L
|
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|
BOT \
i
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\
"2-SIDES"
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Side FRP Wrap _ i m
Side FRP Wrap
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; | Wide |
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NOTE:
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Design Manua Strengthening Reinforced Concrete Structures with Externally-Bonded Fibre

Reinforced Polymers

International Federation for structural Concrete
FIB 2001 Externally Bonded FRP Reinforcement for RC Structures

American Concrete Institute (ACI)

201.1R Guide for making a Condition Survey of Concrete in Service

216R Guide for Determining Fire Endurance of Concrete Elements

224R Control of Cracking in Concrete Structures

224.1R Causes, Evaluation, and Repair of Cracksin Concrete Structures

318-05 Building Code Requirements for Structural Concrete and Commentary

364.1R Guide for Evaluation of Concrete Structures Prior to Rehabilitation

437R Strength Evaluation of Existing Concrete Buildings

440R-96 State-of-the-Art Report on Fiber Reinforced Plastic (FRP) Reinforcement for
Concrete Structures

440.1R Guide for the Design and Construction of Concrete Reinforced with FRP Bars

440.2R-02  Guide for the Design and Construction of Externally Bonded FRP Systems for
Strengthening Concrete Structures

503R Use of Epoxy Compounds with Concrete
503.4 Standard Specification for Repairing Concrete with Epoxy Mortars
546R Concrete Repair Guide

American National Standards Institute (ANS)
Z-129.1 Hazardous Industrial Chemicals Precautionary Labeling
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American Society for Testing and Materials (ASTM)

D 696 Test Method for Coefficient of Linear Thermal Expansion of Plastics Between -
30°Cand30°C

D 2240 Test Method for Rubber Hardness — Durometer Hardness

D 2583 Test Method Indentation Hardness of Rigid Body Plastics by Means of a Barcol
I mpressor

D 3039 Test Method for Tensile Properties of Fiber Resin Composites

D 3165 Test Method for Strength Properties of Adhesivesin Shear by Tension Loading of
Single Lap Joint Laminated Assemblies

D 3418 Test Method for Transition Temperatures of Polymers by Thermal Analysis
(DTA or DSC)

D 3528 Test Method for Strength Properties of Double Lap Shear Adhesive Joints by
Tension Loading

D 4065 Practice for Determining and Reporting Dynamic Mechanical Properties of
Plastics

D 4541 Test Method for Pull off Strength of Coatings Using Portable Adhesion Tester

E 84 Test Method for Surface Burning Characteristics of Building Materials

E 119 Standard Test Methods for Fire Tests of Building Construction and Materials

Canadian Standards Association (CSA)
CAS S806-02 Design and Construction of Building Components with Fiber- Reinforced
Polymers

Code of Federal Regulations

CFR 16, Part 1500 Hazardous Substances and Articles; Administration and Enforcement
Regulations

CFR 49, Chapter C Transportation

International Conference of Building Officials (ICBO)
AC 125 Acceptance Criteria for Concrete and Reinforced and Unreinforced Masonry
Strengthening Using Fiber-Reinforced Composite Systems

International Concrete Repair Institute (ICRI)

ICRI 03730 Guide for Surface Preparation for the Repair of Deteriorated Concrete Resulting
from Reinforcing Steel Corrosion

ICRI 03733 Guide for Selecting and Specifying Materials for RC Structures
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International Federation for Sructural Concrete
Case Postale 88
CH-1015 Lausanne, Switzerland

American Concrete I nstitute
P.O Box 9094
Farmington Hills, M| 48333-9094

American National Sandards Institute
11 West 42 nd Street
New York, NY 10036

ASTM
100Barr Harbor Drive
West Conshohocken, PA 19428
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Canadian Standards Association
178 Rexdale Blvd.

Toronto, ON

MOW 1R3 Canada

Code of Federal Regulations
Government Printing Office
732 N.Capitol St. N.W
Washington, D.C.20402

International Conference of Building officials
5360 Workman Mill Road
Whittier, CA 90601-2298

International Concrete Repair Institute
3166 S. River Road Suite 132
DesPlains, IL 60018
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Bond-critical
Bond strength
Concrete substrate
Confinement
Contact-critical
Debonding
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Fiber orientation
Field sample
Fume
Impregnation
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Interfacial stress
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Ply orientation
Pot life
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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.



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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