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Fiber type Elastic Ultimate Rupture
modulus strength strain minimum
GPa GPa %
Carbon
General purpose 220 to 240 2050 to3790 1.2
High strength 220 to 240 3790 to 4820 1.4
U -high strength 220 to 240 4820 to 6200 1.5
High modulus 340 to 520 1720 to 3100 0.5
Ultra-high modulus 520 to 690 1380 to 2400 0.2
Glass
E-glass 69 to 72 1860 to 2680 4.5
S-glass 86 t0 90 3440 to 4140 54
Aramid
General purpose 69 to 83 3440 to 4140 2.5
High performance 110 to 124 3440 to 4140 1.0

¥ e U o> w0 LAFRP g GFRP (CEFRP clacy gl oS slo Sy pdlie ojb Y-l Jou>

sl 00 0313 LS o jarelS Cuoglie (gly dn ) yao
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Young s modulus Ultimate Tensile strength
FRP-system description | Property at 0 | Property at | Property at0 | Propesty at Rupture at 0
(fiber orientation) degrees 90 degrees degrees 90 degress degrees
GPa MPa MPa MPa
High-strength
Carbon/Epoxy degrees

0 100 to 140 2t07 1020 to 2080 35t0 70 1.0to 1.5

0/90 55 t076 55t0 75 700 to 1020 | 700 to 1020 1.0to 1.5

+45/-45 14 to 28 14 to 28 180 to 280 | 180 to 280 1.5t02.5
E-Glass/Epoxy,

degrees

0 20 to 40 2to7 520 to 1400 35t0 70 1.5t03.0

0/90 14 to 34 14 to 35 520 to 1020 | 520 to 1020 2.0t03.0

+45/-45 14to0 21 14 t0 20 180 to 280 | 180 to 280 2.51t03.5
High-performance

Aramid/ Epoxy,
degrees

0 48 to 68 2t07 700 to 1720 35t0 70 2.0t03.0

0/90 28 to 34 28 to 35 280 to 550 | 280 to 550 2.0t03.0

+45/-45 7to 14 7to 14 140 to 210 | 140 to 210 2.0t03.0

& (St digy ST sla o jgrelS Cunglie e oL |y FRP (o)l clapiumw 5| (S (oS Coglio Y—call Jgun

9290 FRP (6,15 (6 s 1 (31085 (25 (o0l Caoglio V-l Jguar

L. . . A Ultimate
FRP- system des.crlptlo.n (fiber type/saturating Fabric w3elght strength
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 carb(')n/epoxy unidirectional 2380 1300
laminate
E-glass/ vinyl ester precured unidirectional shell 1700 1580
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0elS slabgy il (o (90 Sl 3 i ag FRP (gl pis JLail b L3I s ASTM 51kl (gla b,
Lo asbil b 5] 55 w3 V— S 55 s FRP pllae (sl 5,8 b5 5 8l oo 35390 45 ASTM o,k

Wl 0d (S g 43 5 b o inlojl (S p abaie a5 DU ISIS Yol

FRP (sl s sl 1 550! (glaendy, V- 0 g

FRP from Property Test method
Tensile st th, strain elasti
ensile strength, strain elastic SIS, ASTM D 3039
modulus
Sheet to sheet- adhesive shear ISIS
Sheet to concrete- adhesive shear ISIS
Sheet to concrete- adhesive
Sheet and . ISIS
tension
prepreg - -
Coefficient of thermal expansion ASTM D 696
Glass- transition temperature ASTM D 4065
ASTM D 2583, D
Surface hard ’
urface hardness 2240, D 3418
Hoop-ring strength ISIS
Tensile st th, strain elasti
ensile strength, strain elastic ISIS. ASTM D 3039
modulus
Flatstock to flatstock-adhesive ISIS, ASTM D 3165,
shear D 3228
Flatstock t te-adhesi
atstock to concrete-adhesive ISIS
shear
Flat stock Flatstock to concrete adhesive ISTS
tension
Coefticient of thermal expansion ASTM D 696
Glass- transition temperature ASTM D 4065
ASTM D 2583, D
Surface hardness 2240,
D 3418
Tensile st th, strain elasti
ensile strength, strain elastic ISIS, ASTM D 3039
modulus
ISIS, ASTM D 31
Shell to shell-adhesive shear SIS, AS 3165,
Premolded D 3228
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 .
Slasuin [
ud.o.L'Jb .)l:u]
b =400 mm
h =600 mm o 8
SYgd
A, =1200 mm°>
f, =300MPa =
d — 546 mm 1‘:’!1:-:1:-I’e?.":’!a:-{'e?.":’e‘a:-
f, =25MPa
FRP
A, = 48mm’*
Eﬁp =220GPa
¢ﬁ,p =0.85%x0.95=0.807 (S92l = op)S) Wb oo Loyl yis :CFRP sul
E o = 0.015
Josdl 5o P9 ol
FRP 5 5 o el (SS9t |
f! =25MPa(30MPa = f3, = 0.85 Prwer
‘= s/ As + P E i€ Ay dpoloce
. f. b asl gl
0.85x300x1200+0.807%x220000x0.015x 48 s
X = s
0.85x0.6x25%0.85%x400 e
( == )b)
x =100mm
a=f,x=0.85x100=85mm
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e =(e,, +e, ] 275 |=(0.015+0.0) 220100
o h—x 600 —100 e
£,=0.0134> ¢ (=0.0015) 5,5 e

Lo
! h—x 600 —100 ) L
g, =0.003 < 0.0035 o ks
£, =0.003<¢, 55 >¢, (=0.002) 5 3,50
ool 5 38l o 5T (o) ¢ a3 3,50 s el 1)
a a
M, =¢sfyAS(d—Ej+¢ﬁpEﬁp8ﬁpuAﬁp(h—Ej o
0.85x300x1200] 54652 +(0.85x0.95)x 220000x 0.015x 48 600~ 2| | S—*
2 2 .
M, =2253x10° N.mm =225.3KN.m

377 a o pied cud b FRP L cogsi clls )3 g odg 158 KN.m FRP (g0 15 died byl 395 0 oanline
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b=105mm
h =350 mm

SYgd

A, =300mm’
A, =100mm’
f, =430MPa
d =325mm
d =25mm

f, =45MPa
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FRP #las
A4,, =60 mm*
E,, =155GPa
$s, =0.75
€gpu = 0.0155
Joall g2 ur9) Olawlw
OR 3 (6Hlis (S g 6yl 5 i8S sla yeile)] S o)l 4558 L
0.65<B, =1.09-0.008f, <0.85 )
:81 P
B, =1.09-0.008x45=0.73
0.85,0 f B bx Pt ((pﬁ'pEfrpAﬁ'p (8cu t &y )* ‘Psfy(As - As))x
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h=600 mm
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A=300 mm*
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F, =400 MPa
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D, =500 mm
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RPY

F, =400MPa

A¢=2500 mm*
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N, =1500KN
N, =1550 KN
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‘ RevNo‘ Revision nofe ‘ Dafe ‘S\gﬂafure‘ﬁhewed
NOTE:
— MATERIAL PROPERTIES
A . THE MECHANICAL PROPERTIES ARE AS SHOWN:
4 MATERIAL ELASTIC ULTIMATE
TYPE MODULUS(GPa)| STRAIN (%) | THICKNESS (mm)
CARBON FIBER o o T
Lvekﬁj GLASS FIBER Ep Fipo T
(.‘.x,‘-",?'}." | i FRP Wrap
\ FRP me( — /
Pl g = =
+Leve \J —
! & = =
| e A
b orR ‘
—00 - CIRCULAR SECTION GENERAL SECTION
: 4
Qo
~ FRP Wrap
< s s (2-ply C or GFRP)
a Ao
FRP Wrap
CLevel 2 (1-ply C or GFRP)
— l ]
Section 1-1
D N.T.S
1 1
= - o
FRP Wrap
FRP Wrap /(1-ply C or GFRP)
/(2-ply C or GFRP)
dm@ n
—Level |1
——hevelJ
E N FOUNDATION “ Section 2-2
N.T.S
COLUMN (Cl)
N.T.S
L TYPICAL COLUMN CONFINEMENT WITH FRP (CIRCULAR SECTION)
Itemref | Quantity | Title/Name, designation, material, dimension efc Article No./Reference
. Designed by Checked by Approved by - dafe File name Dafe Scale
CLIENT

TITLE

2548 5 po) @l pa9 =g pad0 ol AXTAL COMPRESSION STRENGTHENING
305 31 A 8 prdg s (RIS sl lime 52533 b sl p383 WITH FRP SYSTEMS

Edition | | | | [Sheet i

[ N N N N O
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‘ RevNo‘ Revision nofe ‘ Dafe ‘S\gﬂafure‘ﬁhewed
NOTE:
e MATERIAL PROPERTIES
A . THE MECHANICAL PROPERTIES ARE AS SHOWN:
4 MATERIAL ELASTIC ULTIMATE
TYPE MODULUS(GPz) | STRAIN (%) | THICKNESS (mm)
evel 4 CARBON FIBER o o T
—tevel 4 o GLASS FIBER Eip i Tip
« I | —
< FRP Wrap —
\ — FRP Wrap
\ ||
§\ . — d
+Level 3 \ —
\§ . E
| e |
| b or R |
NONCIRCULAR SECTION
+0.00 ( 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 _
Level 2 /(1—ply C or GFRP) < § | m@n
e - g —
x dm
7 det. 1
Section 3-3
N.T.S
D r (radius of the edge) ?‘*’\
FRP Wrap
= A i ), (1Pl C or CFRP)
FRP Wrap © —em@n
/(2-ply C or GFRP) >
— ] [~ nom
—Level 1
< Section 4-4
N.T.S
E ~~ FOUNDATION — r (radius of the edge)
COLUMN (C1) det. 1
N.T.S
L TYPICAL COLUMN CONFINEMENT WITH FRP (RECTANGULAR SECTION)
Itemref | Quantity | Title/Name, designation, material, dimension efc Article No./Reference
. Designed by Checked by Approved by - dafe File name Dafe Scale
CLIENT TITLE

2935 (8339 6l 195 as 3050 eyle s AXIAL COMPRESSION STRENGTHENING
WITH FRP SYSTEMS
&35 O A g padg ot (OIS slo sl 5295 4 1S )l 280

Edition | | | | [Sheetes

I,

|
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NOTE:
MATERIAL PROPERTIES
A THE MECHANICAL PROPERTIES ARE AS SHOWN: A
MATERIAL ELASTIC ULTIMATE
TYPE MODULUS(GPa)| STRAIN (%) | THICKNESS (mm)
CARBON FIBER o o T
FRP LAMINATE GLASS FIBER . i Yo
C‘L
|
FRONT |
|
B BOT | B
i
BACK }
\
" Strip U-Wrap(Partial) "
C TYPICAL SHEAR STRENGTHENING WITH FRP #1 C
U Shape FRP Wrap S ] \ U Shape FRP Wrap ‘ w
D mb y ‘/'N = D
f——— f——
"L-Beam " "T-Beam "
" Strip U-Wrap "
[ Beam\ Beam \ [
U Shape FRP ==« lliiial ol U Shape FRP  ~. . =t =
Strip Wrap i | Strip Wrap i
c c
=z ==22 =z > ez
1L71L21L71L21L71 ‘U LQ‘
" Strip U-Wrap "
] TYPICAL SHEAR STRENGTHENING WITH FRP#2 7
Itemref | Quantity | Title/Name, designation, material, dimension efc Article No./Reference
Designed by Checked by Approved by - dafe File name Dafe Scale
- -
CLIENT TITLE
2585 (530 asll pus a9 p050 le s SHEAR STRENGTHENING
Q135 3 A 5 sadgplas (BRI sUe sline csa535 notd ssel 5580 WITH FRP SYSTEMS
Edition | | | | [sheetsss
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NOTE:
MATERIAL PROPERTIES
THE MECHANICAL PROPERTIES ARE AS SHOWN:
A
MATERIAL ELASTIC ULTIMATE
TYPE MODULUS(GPa)| STRAIN (%) | THICKNESS (mm)
CARBON FIBER o o T
FRP LAMINATE GLASS FIBER i G 1ﬁp
C‘L
|
FRONT |
|
BOT |
B i
BACK }
\
"2-SIDES"
C TYPICAL SHEAR STRENGTHENING WITH FRP #1
Beam\
Side FRP Wrap ~ ki m
Side FRP Wrap
D — L
L1
Bonded Length "2-SIDES"
] ; ‘ Wide ‘
= By R 3 — =
[ A - s
E U Shape FRPﬁ: :; : \ N U Shape mp{f SN
e Wdeﬂenqth ‘ P “Wdemngm
"T-Beam " "L-Beam "
| TYPICAL SHEAR STRENGTHENING WITH FRP#2
Itemref | Quantity | Title/Name, designation, material, dimension efc Article No./Reference
. Designed by Checked by Approved by - dafe File name Dafe Scale
CLIENT TITLE
258 (5309 asll pus 2xgr050 el SHEAR STRENGTHENING
Q135 3 A 5 sadgplas (BRI sUe sline csa535 notd ssel 5580 WITH FRP SYSTEMS
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1 R [ 1 [ | L
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NOTE:
MATERIAL PROPERTIES
A THE MECHANICAL PROPERTIES ARE AS SHOWN:
MATERIAL ELASTIC ULTIMATE
TYPE MODULUS(GPa)| STRAIN (%) | THICKNESS (mm)
FRP LAMINATE CARBON FIBER Em i T
GLASS FIBER ,,p i T
C‘L
\
\ \ FRONT |
[NNERERI) LTI |nnEEEEI] !
BOT
B M7 ITTTTTT] ITTTTT]] %
BACK }
\
"2-SIDES(Partioal)"
C TYPICAL SHEAR STRENGTHENING WITH FRP #1
Wide | Wide ‘
D o 1
LL» Bordd Lenh ‘ b “ Bonded Length
"T-Beam " "L-Beam "
" Strip U-Wrap "
Beam— Beam
2 Sides FRP "] e reas I 2 Sides FRP . i A
Strip Wrap it—ll Strip Wrap i 1
E — - — -
=z == =z % ===}
1L71L21L71L21L71 ‘U LQ‘
B TYPICAL SHEAR STRENGTHENING WITH FRP#2
Itemref | Quantity | Title/Name, designation, material, dimension efc Article No./Reference
. Designed by Checked by Approved by - dafe File name Dafe Scale
CLIENT TITLE
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Edition | | | | [sheetzs
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NOTE:
MATERIAL PROPERTIES
THE MECHANICAL PROPERTIES ARE AS SHOWN:
MATERIAL ELASTIC ULTIMATE
TYPE MODULUS(GPa)| STRAIN (%) | THICKNESS (mm)
FRP LAMINATE CARBON FIBER En Ci [
GLASS FIBER ,,p i T
FRP LAMINATE
B
3-SIDES
C TYPICAL SHEAR STRENGTHENING WITH FRP #1
U Shape FRP Wrap ; 1 {'A,:fl:‘ T uen <
b b
D "L-Beam " "T-Beam "
3-SIDES " U-Wrap "
L Beam\ C‘L
Z“.‘ N . "u ot ,Z ‘
3-Sides FRP Wrap __ g AR FRONT ‘
|
= = BOT \
s |
e [SSS. BACK |
L | |
| TYPICAL SHEAR STRENGTHENING WITH FRP#2
Itemref | Quantity | Title/Name, designation, material, dimension efc Article No./Reference
. Designed by Checked by Approved by - dafe File name Dafe Scale
CLIENT TITLE
2585 (530 asll pus a9 p050 le s SHEAR STRENGTHENING
Q135 3 A 5 sadgplas (BRI sUe sline csa535 notd ssel 5580 WITH FRP SYSTEMS
Edition | | | | [sheetass
1 R [ 1 [ | L
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‘ RevNo‘ Revision nofe ‘ Dafe ‘S\gﬂafure‘ﬁhewed
NOTE:
MATERIAL PROPERTIES
A THE MECHANICAL PROPERTIES ARE AS SHOWN:
ATERIAL [ ELASTIC ULTIMATE
MMMMMMM (GPa)| STRAIN (¢4) | THICKNESS (mm)
RRRRRRRRRRRR Eirpu
SSSSSSSSSS Sipu
B
COMPLETELY WRAP
C TYPICAL SHEAR STRENGTHENING WITH FRP #1

L € L
T <:.,'.‘..." i‘ |
. AR SRR FRONT ‘
i
] ' e BOT & TOP |
i
t i
] [ BACK ‘
L1 \
COMPLETELY WRAP
| TYPICAL SHEAR STRENGTHENING WITH FRP#2
Itemref | Quantity | Title/Name, designation, material, dimension efc Article No./Reference
. Designed by Checked by Approved by - dafe File name Dafe Scale
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NOTE:
MATERIAL PROPERTIES
A WATERIAL
ELASTIC ULTIMATE
TYPE MODULUS(GPa)| STRAIN (%) | THICKNESS (mm)
CARBON FIBER o o T
GLASS FIBER ,,p i T
B
C
FRP LAMINATE—— |
150mm 150mm
D
Beamj\
FRP LAMINATE

L (Anchorage U—Wrap) <

FRP LAMINA TE/
E

TYPICAL FLEXURAL STRENGTHENING WITH FRP

Itemref | Quantity | Title/Name, designation, material, dimension efc Article No./Reference
. Designed by Checked by Approved by - dafe File name Dafe Scale

CLIENT TITLE
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‘ RevNo‘ Revision nofe ‘ Dafe ‘S\gﬂafure‘ﬁhewed

NOTE:
MATERIAL PROPERTIES

A WATERIAL ELASTIC | ULTIVATE
TYPE MODULUS(GPa)| STRAIN (%) | THICKNESS (mm)
CARBON FIBER By o T
GLASS FIBER Ep g T

BEAM LENGTH

4 4

BEAM LENGTH

BEAM LENGTH

34\
L

I [—
élﬁ?/ﬁ[ STRENGTHENING LENGTH FLEXURAL STRENGTHENING LENGTH
1 LAYER 1 LAYER

X

FLEXURAL STRENGTHENING LENGTH
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Bond-critical

Bond strength

Concrete substrate

Confinement
Contact-critical
Debonding
Delamination
Fiber orientation
Field sample
Fume
Impregnation
Integrity
Interfacial stress
Lap splices
Multiple plies
Ply orientation
Pot life

Prepreg system
Primer

Procure system

Pull-off test
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synopsis

The Guideline for Design Specifications and Construction of
Strengthening RC Buildings Using Fiber Reinforced 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 external
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 still 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 this is 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
fibers in 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.

www.mirjalili.net



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 nominal 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 CCI. 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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