CHAPTER 6: ULTIMATE LIMIT STATE

6.1 GENERAL

It shall be in accordance with JSCE Standard Specification (Design), 6.1. The collapse mechanism in
statically indeterminate structures shall not be considered.

[COMMENT]:

As yielding does not take place in CFRM, the collapse mechanism due to the formation of plastic
hinges shall generally not be considered. The effects of steel reinforcement on member capacity when
CFRM is used in conjunction with steel reinforcement may be calculated according to JSCE Standard
Specification (Design), 6.2 to 6.4.

6.2 SAFETY VERIFICATION OF BENDING MOMENT AND AXIAL FORCE
6.2.1 Design capacity of member cross-section

(1) In members subjected to axial compressive force, the upper limit of axial compressive capacity
N'oug shall be calculated according to Eq. (6.2.1) when ties are used, and according to Eq. (6.2.1) or
Eq. (6.2.2) whichever that gives the larger result when spiral reinforcement is used.

N‘oud =0.85f chc/'Yb (621)

N'oud = (0.85F c4Ae +2.5E55¢ 1spaPspe) / Vb (6.2.2)
where

A . cross-sectional area of concrete

Ae : cross-sectional area of concrete enclosed by spiral reinforcement

Agpe : equivalent cross-sectional area of spiral reinforcement (=ndsAs/S)

ds : diameter of concrete section enclosed by spiral reinforcement

As : cross-sectional area of spiral reinforcement

S : pitch of spiral reinforcement

f'ed . design compressive strength of concrete
Es : Young's modulus of spira reinforcement (Ez,)
Efspd : design value for strain of spiral reinforcement in ultimate limit state, may generally

be taken as 2000 x 10°. If the design strength frg is less than Egersa When the spiral
reinforcement is regarded as a bent portion, Egerspa Shall be substituted for fryg.
Yb : Member factor, generally taken to be 1.3

(2) When the bending moment and the design capacity of member cross-sections are calculated
according to the direction of section force for unit width of member sections or members, calculations
shall be performed on the basis of assumptions (i) to (iii) given below.

(i) Fiber strainis proportional to the distance from the neutral axis.

(ii) Tensile stress of concrete isignored.
(iii) Thetensile force - strain curve of the CFRM follows 3.4.3.
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(3) For fiber rupture flexural failure, the capacity when any reinforcement reaches design ultimate
strain 4 as shown in Fig. 6.2.1 is taken to be the design capacity of the member cross-sections. The
member factor y, may generally be taken as 1.15t0 1.3.
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Fig. 6.2.1 Strain condition at fiber ruptureflexural failurein
memberswith multi-layer reinforcement

(4) For flexura compression failure, the compressive stress distribution in the concrete may be
assumed to be identical to the rectangular compressive stress distribution (equivalent stress block)
given in JSCE Standard Specification (Design), 6.2.1(3). The member factor y, may generally be taken
asl1l.3.

(5) The design capacity of a member cross-section subjected to combined biaxial bending moment and
axial forces shall be calculated according to (2) to (4) explained above.

(6) When the effect of axial forcesis negligible, the cross-sectional capacity may be calculated asfor a
flexural member. Axial forces may be taken to be negligible when e/h > 10, where h is section height
and eccentricity eistheratio of design flexural moment My to design axial compressive force N'g.

[COMMENTS]:
Particularly when high ductility is required, measures such as combining CFRM with steel
reinforcement, confinement of compression zone concrete etc., have to be implemented.

(1) Asthe compressive strength of CFRM is lower than the tensile strength and subject to significant
variation, the effects of compressive strength are to be ignored for the purposes of calculation of axial
compressive capacity N'quq.

The effects of using CFRM for spiral reinforcement are allowed for in Eq (6.2.2). The design value
&rga fOT the strain of spiral reinforcement at ultimate limit state has been set at 2000x 10°°, alowing for
the fact that in the equation for axial compression capacity when steel reinforcement is used, the steel
is assumed to yield on the basis of test results. If the design strength when spiral reinforcement is
regarded as a bent portion fiq iS lower than Egerga, the latter may be substituted.

(3) Asthereis no yielding and no plastic region when CFRM is used, rupture begins from reinforcing
materials when the strain of the reinforcement reaches the ultimate strain. The first rupturing of the
reinforcing materia is thus generally simultaneous with the ultimate state of the member, and capacity
is calculated from the strain distribution obtained assuming plane sections remain plane. In a member
with steel reinforcement arranged in multiple layers, stress may be evaluated from the position of the
center of gravity of the steel, but for CFRM, as Fig. 6.2.1 illustrates, fiber rupture flexural failure takes
place when the outermost reinforcement reaches the ultimate strain. If different types of CFRM are
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used within the same section, or if bonded and unbonded reinforcing material is used together, these
circumstances must be allowed for in calculating the capacity.

(4) In flexural compression failure, it is possible to calculate capacity in the same way as for stedl,
therefore calculation of capacity using the equivalent stress block method is allowed here.

6.2.2 Structural detail
(1) Minimum axial reinforcement

(i) In concrete members reinforced with CFRM where axial forces are dominant, the quantity of axia
reinforcement shall be not less than 0.8(Eq/Ez,)%6 of the calculated minimum cross-sectional area of the
concrete, where Ey is reference Young's modulus (=200 kN/mmz), and Eg, is Young's modulus of
axial reinforcement. The "calculated minimum cross-sectional area of the concrete" here refers to the
minimum cross-sectional area of concrete required for axial support only.

Where the section is larger than the minimum required section, the amount of axial reinforcement
should preferably be in excess of 0.1(Eo/Es)% of the concrete cross-sectional area.

(ii) The ratio of tensile reinforcement in beam members where the effects of bending moment are
dominant shall generally be not less than (35 fu/frui)% or 0.2%, whichever is the greater. For T-cross
sections, the amount of axial tensile reinforcement shall be not less than 1.5 times as great as the above
value, relative to the effective cross-sectional area of the concrete. In this, fy is the characteristic value
of the tensile strength of the concrete, and fq is the characteristic value of the tensile strength of the
tensile reinforcement. The "effective cross-sectional area of the concrete” here refers to the effective
depth of the section d multiplied by the web width b,,.

(2) Maximum axial reinforcement

In concrete members where axial forces are dominant, the amount of axial reinforcement shall
generally be not greater than 6(Ey/Ez)% of the cross-sectional area of the concrete.

[COMMENTS]:

(1)

(i) The compressive strength of CFRM can be ignored for the purpose of calculating axial compressive
capacity, but in order to ensure axia rigidity, a minimum amount of axia reinforcement has been
specified, as for steel reinforcement. Where the member cross section is larger than the calculated
minimum cross-sectional area of the concrete, while a minimum axia reinforcement is required from
the point of view of cracking, as CFRM is not liable to corrosion, the requirements given here have
been relaxed dlightly as compared to those for steel reinforcement. Where CFRM is used in
conjunction with steel, however, the value of (steel quantity + (Ew/Eo) - CFRM quantity) must be not
less than 0.15% of the cross-sectional area of the concrete.

(if) Where the ratio of tensile reinforcement is extremely low, the reinforcement ruptures as soon as
cracking appears, inducing a state of brittle failure. The minimum amount of reinforcement is
prescribed in order to avoid this. Allowing for the size effect of the member, the minimum tensile
reinforcement ratio may be either (35 kafu/fru )% or 0.2%, whichever is the greater. k; is obtained from
Eq. (C6.2.1).
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k, =06/ (h"?) (C6.2.1)

where h is total member depth (m), provided that 0.4 < k; < 1.0.

6.3 SAFETY VERIFICATION OF SHEAR FORCES

6.3.1 General

It shall be in accordance with JSCE Standard Specifications (Design), 6.3.1.

6.3.2 Design shear forces of beam members

It shall be in accordance with JSCE Standard Specifications (Design), 6.3.2.

6.3.3 Design shear capacity of beam members

(1) Design shear capacity Vq is obtained from Eq. (6.3.1), provided that when bent-up reinforcement

and stirrups are used together for shear reinforcement, the stirrups bear not less than 50% of shear
force required to be borne by the shear reinforcement.

Vid =Ved + Vag + Vped (6.3.1)
where
Ve . design shear capacity of beam members not used in shear reinforcement, obtained
from Eq. (6.3.2).
Veg =Ba *Bp B+ fuea by -d /vy (6.3.2)
where
frg = 028/ 'y (N/mm?), provided that fueg < 0.72 N/mm? (6.3.3)

By =V1/d (d:m); if Bg>1.5then By= 15

B, =3/100p,E, / E, ; if Bp> 1.5 then B, = 1.5

Bn=1+My/Mq: (if N'g > 0); if Bn> 2 then B = 2
1+ 2 My/Mq (if N'g < 0); if By < Othen B, =0

N'g : design axial compressive force

My : design bending moment

Mo : bending moment required to cancel out stresses set up by axial forcesin the
tensioned edge, relative to design bending moment Mgy

E:q : Young's modulus of tensile reinforcement

Eo  reference Y oung’ s modulus (=200 kN/mm?)

by : width of web

d . effective depth

Pw = Ar/(bud)

A : cross-sectiona area of tensile reinforcement

e : design compressive strength of concrete, in units of N/mm?

Yb : generally = 1.3
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Vg . design shear capacity borne by shear reinforcement, obtained from Eq. (6.3.4)

Vg =[ AvEu sug (SIN0Lg +COS0LS) /8 + A0 o, (SiNaL, + C0SaL,) 18, ]2/ 74, (6.3.4)

Ay : total cross-sectional area of shear reinforcement in section s

Ew : Young's modulus of shear reinforcement (= Eg)

Efnd : design value of shear reinforcement strain in ultimate limit state, obtained
from Eqg. (6.3.5). Where E,gng iS greater than the design value for the
strength of the bent portion fug, frg 1S substituted for Enemg. fma May be
obtained from Eq. (3.4.1).

Etnd = 4| T med P {1+ 2( o'y HxlO‘4 (6.3.5)
Pues Ew L

Os . angle formed by shear reinforcement and member axis

S : gpacing of shear reinforcement

Puen  : AW(bws)

A, total cross-sectional areaof shear reinforcement tendonsin section s,

Gpw : effective tensile stress of shear reinforcement

Gpw = Owpe +Efpw8fwd < ffpud

owpe . effectivetensile stress of shear reinforcement tendons

Ew  : Young's modulus of shear reinforcement

frpud . design tensile strength of shear reinforcement

olp : angle formed by shear reinforcement and member axis

S : spacing of shear reinforcement

z . distance from point of action of compressive stress resultant force, generally
d/1.15

o'N : average axial compressive stress
o'n=(N'g+ Pe) / Ag
if o'n> 0.4f req then o'y = 0.4f g

Pu . effective tensile forcein axia tendons

Aq  total cross-sectional area

fma  : design compressive strength of concrete allowing for size effect (N/mm?)

-1/10

f'e : design compressive strength of concrete, in N/mm?

h : member depth (m)

Yb : generally = 1.15

Ve 1 component of effective tensile force of axial tendons parallel to shear force, obtained
from Eq. (6.3.6)
Vped =PyS nap /’}/b (636)
olp : angle formed by shear reinforcement and member axis
Yb : generally = 1.15

(2) When beam members are supported directly, V4 need not be investigated for the zone from the
support face to one-half of the depth h of the members. In this zone, shear reinforcement more than the
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minimum required shall be placed in the cross section from the support face to h/2. In members of
non-uniform section, the depth at the support face may be adopted as the member depth; parts of a
haunch where the gradient isless than 1:3 shall be considered to be effective.

(3) The design diagonal compressive capacity Vi of web concrete to shear force shall be obtained
from Eq. (6.3.7).

Vied = Foea “By-d 7Yy (6.3.7)
where

fuca = 125/ oy (N/mm?); provided that fues < 7.8 N/mm?

vb = generally = 1.3

(4) Web width of members

(i) Where the diameter of a single duct in prestressed concrete members is equal to or greater than 1/8
of the web width, the web width assumed in Eq. (6.3.2) shall be smaller than the actual web width b,.
In such a case, the web width may generally be reduced by the total of the diameters of the ducts ¢
arranged in that section, giving by, - 1/2%¢.

(if) For members with web widths varying in the direction of member depth, other than those with
circular sections, the minimum width b,, within the range of effective depth d shall be adopted. For
members with multiple webs, b,, shall be the total width of all webs. For solid or hollow circular
sections, web width by, shall be either the length of one side of a square with the equivalent area, or as
the total width of webs of sguare boxes having the same area. In these cases, the area of axial tensile
reinforcement As shall be the cross-sectional area of reinforcement in 1/4 (90°) of the cross section of
the tensioned side. The effective depth d shall be either the distance from the compression edge of the
square or box of equivalent area to the centroid of the reinforcement, accounted for as A. These
definitions of axial tensile reinforcement area shall not apply in calculation of flexural capacity.

iy by
b = =
1 [ —
-1 T T F | =F r A
1 b. by iy | H 5| -
= - 1, u A |
. ; — [ ssemt oY !
A pembt bt b =1k Ay
Reciangular | ar T-zection Box sectiom Tapered Haolbow circular  Sodid carcular
secion T-soctbon sacison (fubej sECn
Fig. 6.3.1 Definitionsof b, and d for various cross-sections
[COMMENTS]:

(1) The design shear force Vg4, as shown in Eq. (6.3.1), is given as the sum of the components carried
by the concrete Vq and by the shear reinforcement Vg, except that the components (Vo) Of effective
tensile force in the axial reinforcement parallel to the shear force isignored.

Previous studies indicate that the shear capacity of beam members with CFRM used for tensile
reinforcement but without shear reinforcement can generally be evaluated by taking into account the
axial rigidity of the tensile reinforcement. Vi is thus calculated according to the equation used for
stedl, allowing for the ratio of the Y oung’s modulus of CFRM to that of steel.
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The strain gqg Of shear reinforcement at the ultimate limit state is affected by concrete strength, the
rigidity of tensile and shear reinforcement, and axial compression force. These functions are given by
Eg. (6.3.5). Eqg. (6.3.5) is derived from the most recent findings of research on the design shear
capacity of beam members using CFRM, shown below. These findings offer a more accurate method
than the conventional one for estimating shear stress, by incorporating a more realistic shear resistance
mechanism. This method may be followed in estimating the ultimate shear capacity.

The shear capacity obtained by the method given below is generally greater than that obtained from
Eqg. (6.3.1). The method below is greatly simplified, for instance by conservatively ignoring the effect
of the shear span-to-depth ratio on shear capacity, but in some instances it will give a lower shear
capacity than Eq. (6.3.1), for example when the main reinforcement has high rigidity.

Design shear capacity when shear reinforcement does not break is calculated as follows:

Viud = Veg + Vg (C6.31)
where

Ve = design shear force carried by concrete, obtained from Eq. (C 6.3.2)

Ved = Vex + Vaig (C6.3.2)

where

Veu : design shear force carried by concrete in compression zone, obtained from Eq.

(C6.3.3)

Vear = BF ' oa X /7 (C6.33)
Vaig : design shear force carried by concrete in diagonal cracking zone, obtained from Eq.

(C6.34)

Vag = BeBre f'ma (N=X)By /7 (C6.34)
Vg = shear capacity carried by shear reinforcement, obtained from Eqg. (C 6.3.5)

Vg = A E e g (N—X)b, / (tanb, ) /v, (C6.35)
Xe . depth of concrete compression zone at ultimate, obtained from Eq. (C 6.3.6)

0.7
X, = [1- 08( pwebEﬁN)_o'Z[1+ ("_NJ } X (C6.3.6)
f 'mcd
Efwd > strain in shear reinforcement at ultimate limit state, obtained from Eq. (C 6.3.7)
_oooot -, PEw [G—ﬂ

€ =0.0001 [ ' o LE, {1+ 2 o (C6.3.7)

Ocr : angle of diagonal cracking, obtained from Eq. (C 6.3.8)

, 0.7
0, = 4{1—( f N ) ] (C6.3.8)
med

B =o.2( S JOJ
f'mcd

1
G N

Bp=1-5 if Bp<OthenPp=0

f‘md’

E,, +10p,E
B = 0.24( al fUSBOOE”eb Wy O.66j { if Boe > 0.40 then Pye = 0.40
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fiea  : design compressive strength of concrete, allowing for size effect (N/mm?)

-1/10
f 'mcd = (L) - f 'od
0.3

fed : design compressive strength of concrete (N/mm?)

bw : web width

d : effective depth

h : beam height (m)

A : cross-sectional area of tension reinforcement (mm?)

Ay : total cross-sectional area of shear reinforcement in zone s
Pw = Ac/(bud)

Pweb = A/ (bwSs)

Es, : Young's modulus of tension reinforcement (N/mm?)

Ew : Young's modulus of shear reinforcement (N/mm?)

6 'n = (N'g + Peg)/Ag (N/mm?); if 6 'y > 0.4 ' then o 'y = 0.4 F ' eq

N'g : design axial compression force

Peq . effective tensile force of axial reinforcement

A : cross-sectional area of entire section

S : gpacing of shear reinforcement

X . position of neutral axis according to elastic theory, ignoring tension section
b > generally = 1.3

Design shear capacity when shear reinforcement breaks by fiber ruptureis calculated as follows:

Vud = Veo - Bm(Veo - Verd) + BmVaid + BmVad (C6.3.9)
where
Veo : load at which diagonal cracking occurs, obtained from Eq. (C 6.3.10)
Veo =BoBf” caXobu 7+ BroBpeoBa f’ od” (-Xo)Bulvs (C6.3.10)
Vexd . design shear force carried by concrete in compression zone; may be obtained from
Eg. (C6.3.3)
Vaid . design shear force carried by concrete in diagonal cracking zone; may be obtained
from Eqg. (C 6.3.4)
Vi . design shear force carried by shear reinforcement; may be obtained from Eq. (C
6.3.5)
Xo . depth of compression zone in concrete at onset of diagonal cracking, obtained from
Eqg. (C6.3.11)
, 0.7
Xo = 1+(‘y N j ]x (C6.3.11)
f ch

. \07
(¢)
0 = 0.14( 'Nj
f cd
B, =4/1000/d ; if B4> 1.5 then By = 1.5
Bro :1_5%.; if Bro < O then Bro = 0

cd
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E
Bogo = 0.17(% + o.eeJ ; if Bogo > 0.28 then Byeo = 0.28

f
B — ud
" Ewg fud

fud : design tensile strength of shear reinforcement, taken as equivalent to design
strength of bent portion fq,q, Where fig may be obtained from Eq. (3.4.1)

Design shear capacity V4, as shown in Eqg. (C 6.3.1), is expressed as the sum of the components
carried by concrete V4 and by shear reinforcement V. For each of these components, the effects of
the Young's modulus of the tendons are evaluated as the rigidity obtained by multiplying the
reinforcement ratio by the Y oung’s modulus of the reinforcing material.

The shear force carried by the concrete in the compression zone increases as the axial compression
force increases. Thisis expressed by Eq. (C 6.3.3).

The mode of failure of the beam varies depending on the rigidity (reinforcement ratio x Young's
modulus) of the main reinforcement and the shear reinforcement. That is, as the rigidity of the main
reinforcement and the shear reinforcement increases, the failure mode shifts from diagonal tensile
failure to shear compressive failure. Bpe in Eq. (C 6.3.4) signifies that when the rigidity of the main
reinforcement and the shear reinforcement is low and the beam undergoes diagonal tensile failure, the
shear transmission stress of the diagonal cracking zone increases as the rigidity of the main
reinforcement and the shear reinforcement increases. However, when the rigidity is high and the beam
undergoes shear compressive failure, the shear transmission force of the concrete in the diagona
cracking zone remains constant regardless of the rigidity of the main reinforcement and the shear
reinforcement (Fig. C 6.3.2).

J!-a‘:'= l:l L
: _ _ 'r-"l-E.l:'ll:ll'.,.-aE.,-_ i
l S Br=0.24 | PR 0.66 |
oo — e )
= | Diagonai | Shear comprassion
tefisibe Failure
fanlure
5 000 -

J-'rE.lu } ]Uj‘-'.c_.., F...
Fig. C 6.3.2 Effect of rigidity of longitudinal and shear reinforcement on shear strength

The shear span-to-depth ratio also affects the mode of failure, although previous studies have
confirmed that at shear span-to-depth ratios of 2 or more, if the reinforcement has low rigidity,
diagonal tensile failure will occur. Where axial compressive force is present, the mode of failure shifts
from diagonal tensile failure to shear compressive failure. Previous studies have confirmed that shear
compressive failure occurs even at low reinforcement rigidity, and the term k in e (Eq. C 6.3.4) is
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included to allow for this effect. That is, the reference value (pwEw + 10pweEw = 5000) for the case
where axial compressive force is not acting, decreases as the axial compressive force increases.

The angle of diagonal cracking, i.e. the angle of the truss diagonals, becomes shallower as the axial
compressive force increases. Thisis expressed in Eq. (C 6.3.8).

Shear reinforcement is thought to fail if the stress in shear reinforcement at ultimate limit state E, &g
is greater than the strength of the bent portion fq,g, Obtained from Eq. (3.4.1). In this case, the design
shear capacity V4 is obtained from Eq. (C 6.3.9). That is, stress in the shear reinforcement after the
onset of diagonal cracking, and components V4 and V4, are thought to vary linearly according to the
acting shear force, and components V.4, Vaig and Vg are reduced by a factor B, obtained by dividing
the failure strength of the shear reinforcement by the shear reinforcement stress E,esq,qg, Calculated
assuming non-failure of the shear reinforcement (Fig. C 6.3.3).

i

E

g M
e

[#]
7|

g V| Vau
-

E i

.-_E I':".I _||:'|Il| [1:-: — 1’:—:.1] H:d

i

Applied shear force
Fig. C 6.3.3 Modeling of each component of shear capacity

The method given here for calculation of shear capacity is derived from dynamic models agreeing with
empirical facts, such as that the angle of the main compressive stress within the concrete is not 45°
even if the angle of shear cracking within the shear span is generally 45° relative to the member axis,
and that the load stress of the concrete carried outside of the truss mechanism varies with the acting
shear force, and its value is not equivalent to the shear capacity of members without shear
reinforcement. Eq. (C 6.3.5) which follows this method gives the shear force carried by shear
reinforcement straddling diagonal cracks; where axial forces are not present, the angle of diagonal
cracking is 45°, and the expression approximates the equation given in the JSCE Standard
Specification, and also Eg. (6.3.4) of the present Recommendation. The difference between the two
equations is that Eq. (C 6.3.5) incorporates a term (h-x) expressing the depth of the diagonal cracking
zone, whereas EQ. (6.3.4) incorporates a term z expressing the arm length of the truss. According to
the model referred to above, shear forces other than those carried by the truss mechanism are
expressed by Vg in Eq. (C 6.3.3), and this value generally varies with the acting shear force (cf. Fig.
C 6.3.3). The sum of this term V4 and Vg, the shear force transmitted by the interlocking of the
aggregate in the diagonal cracking zone etc. (cf. Eq. (C 6.3.4)), is generally constant, corresponding
closely with Eq. (6.3.2).

(3) The width of diagona cracking is thought to be wider when CFRM is used than when steel
reinforcement is used. The compressive capacity and rigidity of concrete where cracking is present
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decreases as the strain perpendicular to the cracks increases, therefore diagonal compressive failure
capacity is thought to be lower than when steel reinforcement is used. This hypothesis is yet to be
confirmed experimentally, however, and in the present specifications, diagonal compressive capacity
of reinforced concrete beamsiis evaluated conservatively in Eq. (6.3.7).

6.3.4 Design punching shear capacity of planar members

(1) When the loaded areais positioned far from free edges or openings, and the eccentricity of the load
is small, the design punching shear capacity Vs may be determined by Eq. (6.3.8).

Vod =Ba *Bp B Fooa - Upd /7y (6.3.8)
where
foe = 02,/f'y (N/mm?); f,og shall be< 1.2 N/mm? (6.3.9)

By =¥1/d (d:m); if Bg>1.5then By= 1.5

Br =1+ 1/1(1+0.25 w/d)

f'ed : design compressive strength of concrete (N/mm?)

u : peripheral length of loaded area

E:q : Young's modulus of tensile reinforcement

Eo : standard Y oung’ s modulus (=200 kN/mm?)

Up : peripheral length of the design cross-section at d/2 from the loaded area

dp : effective depth and reinforcement ratio, defined as the average values for the
reinforcement in both directions.
Yb : generally = 1.3

(2) When the loaded areais located in the vicinity of free edges or openings in members, the reduction
of the punching shear capacity shall be allowed for.

(3) When loads are applied eccentrically to the loaded area, the effects of flexure and torsion shall be
alowed for.

[COMMENT]:

(1) As with the shear capacity of beam members without shear reinforcement, the punching shear
capacity may generaly be evaluated by allowing for the axial rigidity of the reinforcement. The
Y oung's modulus of the CFRM is therefore allowed for in the calculation of design punching shear

capacity V.
6.3.5 Structural details

(1) In beam members, stirrups not less than 0.15(Eq/E;,)% shall; be arranged over the entire member
length, where E; is standard Y oung’s modulus (=200 kN/mm?), and Ey, is Young’s modulus of axial
reinforcement. The spacing of the stirrups shall generally be not more than 1/2 of the effective depth
of the member, and not more than 30 cm. This provision (1) need not be applied to planar members.
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(2) Shear reinforcement equivalent to that required by calculation shall also be arranged in sections
equivalent to the effective depth outside of the section where it is required.

(3) The ends of stirrups and bent bars shall be adequately embedded in the concrete on the
compressive side.

[COMMENT]:

(1) When stedl reinforcement is used, stirrups eguivalent to not less than 0.15% of the concrete area
are installed to prevent sudden failure due to the onset of diagonal cracking. Based on this provision, a
minimum amount of stirrup of 0.15(Ey/Ez)% is also imposed here for CFRM reinforcement. As most
CFRM have low elasticity and small cross-sectiona areas, the spacing requirements given here are
dightly stricter than those for steel.

6.4 TORSION SAFETY
6.4.1 General

(1) For structural members not significantly influenced by torsional moment, and those subjected to
compatibility torsiona moment, the torsional safety studies given in section 6.4 may be omitted.
"Structural members not significantly influenced by torsional moment” here refers to members in
which the ratio of the design torsional moment My to the design pure torsional capacity Mg,
calculated according to 6.4.2 (members without torsional reinforcement), multiplied by structural
factor vy;, islessthan 0.2 for al sections.

(2) When the effects of design torsional reinforcement are not negligible, torsion reinforcement shall
be arranged in accordance with 6.4.2.

6.4.2 Design torsional capacity

(1) Torsiona capacity in members without torsional reinforcement shall be in accordance with "JSCE
Standard Specification (Design)”, section 6.4.2.

(2) Torsional capacity in members with torsional reinforcement shall be calculated according to
appropriate methods.

[COMMENT]:

(2) Studies of CFRM used for torsiona reinforcement have not yet been adequately carried out.
Design torsional capacity in members with torsional reinforcement must therefore be investigated
experimentally and analytically based on reliable techniques.
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