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mm® « in’ aldl) Jlaad el dalina area of FRP reinforcement
mm® ¢ in? aal g Huld Cad Al area of one FRP bar
. ) ) minimum area of FRP
rore? s kel aial Lo U Huldll ol dslisa reinforcement needed to
CRED eiy Y a CillaiS s el prevent failure of flexural
members upon cracking
2 <2 ol A slaal (YL ol Aalusl area of shrinkage and temperature
s )yl 4| FRP reinforcement per linear foot
mm? < i’ Ao slial Liall uldl el i Aabus inimum amount of FRP shear
() 68 L A 2l Gana el reinforcement within spacing s
2 .2 P - area of tension steel
il pialt B Al g reinforcement
s g Leay) il - SIS Qi) 2 depth of equivalent rectangular
T & - =5 stress block
mm ¢ in Jalaisall aim jall alaiall 1 e | section width of rectangular cross
. i 8 erimeter of critical section for

L) A el il daal P ;
e il b g g =L footings slabs and
mm ¢ in g3l sl e width of the web
mm ¢ in Aasil) diliwe 4 aclall spacing or cover dimension
O Ailida g1l Al sl Jelas environmental reduction fa'ctor
% _ o ‘ fiber type and for various
Go ol e ddline ST sl given in«exposure conditions
. sl U da ghig i sl e ALl Flistance from extreme
mm ¢ in compression fiber to the neutral
Hlaal axis
‘ Sl (Y gh i) e e Bl .distance from extreme
mm ¢ in ' ) _ compression fiber to neutral axis
Ol el Jga ) e plaal at balanced strain condition|
. B o) D e il ol ol ‘ distance from extreme
mm ¢ in ) | centroid of compression fiber to
e S tension reinforcement
mm ¢ in zalodll Capad el diameter of reinforcing bar
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thickness of concrete cover
extreme tension measured from

mm ¢ in ) :
PR RETER ST (T O fiber to center of bar or wire
location closest thereto
MPa ¢ psi Al Al 454 5e Jalas| modulus of elasticity of concrete
onldll Hlaadl asesill 43y pall Jalaa|  design or guaranteed modulus of]
; 5 ., | elasticity of FRP defined as mean

‘ e e Jan gie Jalaa 4l Ay
L G msgiaglalas v gl modulus of sample of test
i) e ave)sspecimens (Ef = Ef]
MPa ¢ psi ) a2 gl Jlas average modulus of elastlcltFy Ron
MPa « psi Yl Glamd A5 el Julaa modulus of elasticity of steel
| A Al Al ) Al AN S aeal e glial strength of specified compressive
MPa « psi

Ll 2 concrete
; stress in FRP reinforcement in

: il b s ol s )
NER vpaL sl gl (b A e tension

; 1 fFR
Wiba ¢ psi 3l s o i) 5ol e strength of bent portion o b;
T adll & algill sleay!|  Darstress that can be developed
MPa « psi T o for embedment
= (le) Ly B length le
MPa « psi il 3G glhall aleal! required bar stress
MPa « usi Y seall Jady A i) comill sleal] gtress level induced in FRP by
P EARE. B sustained loads
| Bl e i ¢ S e B ) B e ‘design tensile §trength QfFRP
MPa « psi . i ‘ ~_|reductions for service considering
eVl L) Ay il (el environment
o BRP solil hgiad) lall o shea) guaranteed tensile strength of]
) - ' : | as mean tensile defined<FRP bar
MPa < osi | % adad 28 alga) o ia s iy (53 test strength of sample of]
. il iVl e SO Gall LaAY) e specimens minus three times
standard deviation
e — 30 ave«= ffu f*fu
L . o _wn - .. | shear tensile strength of FRP for
ot Al el epmnlf) S0 Mg i as smallest of taken«design
MPa ¢ psi 25 Aa i jaeal€ 235y L bl lucad sstrength fj, design tensile

portion of FRP strength of bent
stress orsstirrups fy
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$ 52! pellaal

—1 i sl dgal! o FRP 0 4Ll
.0.004 Ef

Ef0.004 corresponding to

allowable stress in steel

‘ i LAY g C\_ﬂ.uﬁ | | :
i MPa p =t S gt el o e ey reinforcement
MPa « psi el dda ol ail) A gl
NP5, 56l ) gdall sl Wil g addl Sea)| sample mean tensile strength of
P (sleaY! 5o of test specimens
mm ¢ in cllaa D o glaal) sl ¢l i | overall height of flexural member
mm* «in* (D seaill o 5e) Alaall 4 e moment of inertia
4 . 4 _ . moment of inertia of transformed
‘ R tRaM| :J:M.U Alaall & .
. P cracked section
mm” «in’ caaiall Jladl) Al o e effective moment of inertia
D &) (s Al adaidll JalS) Allaall o e o
mm" ¢in " gross moment of inertia
(s Jlaa
: Oheally Agamal) Ja g 5l 331 pa Lapsall parameter accounting for
mm ¢ in - i
(8-10) Astaal (e Eq. (8-10) boundary conditions
i ratio of depth of neutral axis to
P Sl dbmal) )l e A depth reinforcement
a () elulal) Jelas bond-dependent coefficient
. : distance between joints in a slab
¢ s Al 8 ssel) Al
m ft u.a_)yil LA:' M ‘“ﬁ 2dx} Ol A - grade
m ¢ ft caiall Jlae Jsh span length of member
mm ¢ in sl Y1 Joh development length
. I ot g el sl 5 embedded length ofremforc]l:)r;gI~
mm ¢ in - owldll Cpadl A aay 5550 J skl length of tail beyond hook in FRP
cIbin | Asoe Sles (B panll 3 kel a5l avimum moment in member at
N.mm g stage deflection is computed
T\‘Ilr}rjlril LGl o e cracking moment
I\‘]{E]l: eyl o jall Jasd 3 08 nominal moment capacity
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B daal ¢l

i) pllaiaal

G ) pelhaaal N

I\}{E;] (Jeall) L) Y san Jady a3l moment due to sustained load
I:IIrErﬁl aaidl die axiadll 4 ) factored moment at section
Calae ) yulal) lual 5 ye Jalea duus|  T2ti0 of modulus of elasticity of
- S ' .. |modulus of elasticity FRP bars to
il Al 49 5 of concrete
Fal e ol e Al Al sl nternal radius of bend in FRP
il reinforcement
om el o stal J 5l s gha stirrup spacing or pitch of]
mm ¢ in ) ) and <continuous spirals
A glall il longitudinal FRP bar spacing
Cce el Jeaill 5 ) s glass transition temperature
MPa: < gl gl o isal) duladll dea] Aawsl average bond stress acting on the
p o il apads FRP bar surface of]
i i . = - | provided nominal shear strength
‘ Al | e

N «<Ib Al o) R 4l R
‘ ; .« . | shear resistance provided by FRP
! N Ib .ﬂL& _)jLul Qg e uas.“ MJLRA “stirrups
N «Ib cpaiall 8 Sl il 58 nominal shear strength at section
X b sl agn s e paidl b il da sl ghear resistance provided by steel
ALY stirrups
N «Ib il saead) aill 3 @ section factored shear force at
mm ¢ in B e LS maximum crack width
dians Galaa ¢) 5 3ud1 Cillansl 43405 angle of inclination of stirrups or
- ’ b top bar «spirals (Chapter 9)
st =l o dification factor (Chapter 11)
dea¥t Jedaiad  anoll slgay) dpus ratio of average stress of]|
- o o equivalent rectangular stress
(f'c) dad ) A , block to ¢
longitudinal coefficient of]

PO #1402 | sl aaall Jelaa j
HAR ool ol sl de 1/°C«1/°F «thermal expansion
1°C « 1/°F el o L Sl transverse coefficient of thermal

expansion

il and g alaal ) gaall (g Adlall Ao

e oo dad sl oy ] 350k

ratio of distance from neutral axis
tension fiber to to extreme
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5aa) gl

6 5218 gelbaaal

distance from neutral axis to
reinforcement center of tensile
(Section 8.3.1)

28) I deary 0.85 " (s Jalna
iy dlld e S ad Jal ey .. (Mpa
(7 Mpa) J<!(0.05) Aty Jalaall 128
oe Ju Yl e (28 Mpa) s iz
.(0.65)

concrete factor taken as 0.85 for
to and including strength f 'c up
4000 psi (28 MPa).
strength above 4000 psi (28 For
reduced this factor issMPa)
continuously at a rate of 0.05 per
1000 psi (7 MPa) of strength each
«(28 MPa) in excess of 4000 ps1
but is not taken less than 0.65

ol Gl (8 a0diuy (8 Jalas

reduction coefficient used in
deflection (Section calculating
)8.3.2

can GELRY 5 Cia ) Jads ALY agud)

additional deflection due to creep

mm ¢ in ’ and shrinkage under sustained
ol O gan loads
immediate deflection due to
iyt @ Jady aalll agnd) :
e el 0 g by ped sustained loads
. limiting deflection-span ratio
coaadl el ¢ } ) A

mm dgaadl Slaall Jsb () aend) 2 (Chapter 8)
= Al Al B Jlaa) strain in concrete
- Al Al (8 gaall Jlea) ultimate strain in concrete
S ol s syl strain in FRP reinforcement
design rupture strain of FRP

= . EHEHLJ 3 fmuaﬂltbiﬂ L) .
ke Fud (o o J reinforcement
guaranteed rupture strain of FRP
al Caprg s ol bl laall Jladsl defined as the reinforcement
¢ In/in mean tensile strain at failure of]

LA} Aial N ae A Jlesdl Ja g : ]

mm/mm | 2" el d = specimens minus sample of test

csobemal) Gl at ] A Bl

standard deviation three times
ave — 3o)= gu (gfu

il o gl bl Jlaid

mean tensile strain at rupture of]
specimens sample of test

Eas o gmn il o g ild) A
coo(h) eaiall gl Y (d) 230 s
(8 Jual)

ratio of distance from extreme

to centroid of compression fiber
tension reinforcement (d) to
overall height of flexural member
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Lé‘}’._l.‘s.l‘g\ cib.u:u]\

(h) (Chapter &)

AV Jash ALY sl dpss Jalne

multiplier for additional long-
term deflection

oalil) i Clald G V) @Kl Jalas

.BJ‘_);.“}

coefficient of subgrade friction
of shrinkage and for calculation
temperature reinforcement

A LN SN pead o 5 Jelae

A's =b x d bl Y ¢ ml

time-dependent factor for

susicMed load
ratio of steelicotfnbxicssion—
As'/b.d p' =¢reinforcenient

)l 3Y g b A

steel reinforcement ratio
producing balanced strain
conditions

FRP reinforcement ratin

okl e Jaladl alil) il A

ratio of FRP compression
reinforcement

FRP reinforcement ratio
strain producing balanced
conditions

il Ao glial il s dans

reinforcement ratio of FRP shear

.3_)\ J\;.“j palaill ujl_q.nj ‘).uull C—‘l"‘"‘, 0 4.u.u.:

reinforcement ratio for
shrinkage FRP temperature and
reinforcement

Lpall Y ) bt A

minimum reinforcement ratio for
steel

5 el Gilasy)

standard deviation

B SR i Dialce

strength reduction factor
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sale a8 g o ull lasly Aalal) cilalbiadl (e 0 Ul el g
A AV ARG sanV) Lehalus 3 elldy Adea)l cilipdatl)

A

aramid fiber-reinforced ) ! Y1 Gl dalodl <l yaadd ol :(AFRP) Lyl *
-(polymer

Bl pailad o o3l il L taging (A pal) ) #
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