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- 5.8.2 General Requirements |

V.>05¢(V, +V,) - (5.8.2.4-1)
where: - | |
V., =factored shear force, kips |
. V. =nominal shear capacity of the concrete, kips
V, =vertical componént of the prestressing force, kips
- ¢ =resistance factor (LRFD 5.5.4.2) |




5;8.3 3 NominaISheaf R‘esistance B

K=K+V+V | S (5.83.3:1)
V. =025 f’b d ¥, . (58332)
in which:
v.=003168\f b,d, (5.83.3-3)
cot® + cota)sina, | o
V, = A"f’ ( - ) (5.83.34)
s _
‘where:
b, = effective web width taken as the minimum web -
width within the depth d, as determined in
Article 5.8.2.9 (in.)
'dv = effective shear depth as deterrmned in Article
5.8.29 (in.) -
s = spacing of stirrups (in.) '.
B = factor indicating ability of diagonally cracked
concrete to transmit tension as specified in
Article 5.8.3.4 -
0 = angle of inclination of diagonal compressive
- stresses as detennined in Article 5.8.3.4 (°)
a = angle of inclination of transverse remforcement v
to longltudmal axis (°)
A, = area of shear relnforcement w1thm a distance s
(in.%)
V, = component in the direction of the applied shear -

of the effective prestressing force; positive if
resisting the applied shear (kip) ‘




~ 5.8.3.4 Determination of p and 6

Table 5.8.3.4.2-1 Values of 8 and B for Sections with Transverse Reinforcement.

-}— - . x 1,000

<020 | <010 | <005 | <0 | <0125 | <025 | <050 | <075 | <1.00

<0075 | 223 | 204 | 210 | 218 | 243 26,6 305 | 337 | 364
632 | 475 410 | 375 3.24 2.94 259 | 238 | 223

<0.100 181 | 204 214 | 225 | 249 271 308 | 340 | 367
379 | 338" 324 | 314 | 201 | 275 250 | 232 | 218

T <0.125 199 | 21.9 28 | 237 | 259 279 314 | 344 | 370
318 | 299 204 | 287 | 274 | 262 242 | 226 | 213

<0.150 . | 216 | 233 242 | 250 | 269 288 | 321 | 349 | 373
| 288 | 279 278 | 272 | 260 | 252 | 236 | 221 | 208

<0.175 232 | 24.7 255 | 262 | 28.0 29.7 327 | 352 | 368
: 273 | 266 265 | 260 | 252 2.44 228 | 214 | 196
<0.200 247 | 261 | 267 |.274 | 290 30.6 328 | 345 | 361
263 | 259 252 | 251 2.43 2.37 214 | 194 | 179

<0.225 261 | 273 279 | 285 30.0 308 - | 323 | 340 | 357
| 253 | 245 242 | 240 | 234 214 | 186 | 173 ]| 164

<0250 | 275 | 286 - 29.1 | 297 | 306 | 313 328 | 343 | 358
239 | 239 233 | 233 | 212 193 | 170 | 158 | 150
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5.82.9 Shea‘r Stress on Concrete

The shear stress on the concrete shall be determined -
as: ' ‘ »

' (5.8.2.9-1

b, = effective web width taken as the minimum web -
~ width, measured parallel to the neutral axis,
between the resultants of the tensile and
cbmpressive forces due to flexure, or for
- circular sections, the diameter of the section, .
modified for the presence of ducts where
apphcable (in.) :

d, = effectxve shear depth taken as the distance,
measured perpendicular to the neutral axis,
between the resultants of the tensile and
compressive forces due to flexure; it need not
be taken to be less than the greater of 0.9 d or -
0.72h (in.)

o = resistance factor for = shear . specified in
Article 5.5.4.2 :

N ™

1
~

- Je

Neutral
axis

Figure C5.8.2.9-1 Illustration of the Terms b, and d,.
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5.83.42 Calculate Strain g,

* If the section contains at least the minimum
transverse reinforcement as - specified  in.
Article 5.8.2.5: ~

.(%i—O.SNu +0-5|Vu _‘Vplcote— Ap,j;oJ _
e=N% ,

T AEA,+EA,)

(5.83.4.2-1)

The initial value of &, should not be taken greater
than 0.001; '

o If the section contains less than the minimum

transverse reinforcement

_ as  specified in
‘Article 5.8.2.5: ' |

(l.g-"_h 0.5N, +0.5[V, -7, |cot6~ 4, f‘?J

\4

a EA+Ed,

(5.8.3.4.2-2)

The initial value of s; should not be taken greater' '

than 0.002.

e If the value of ¢, from Eqgs. 1 or 2 is negative,
the strain shall be taken as: -

(%w.sm +057, =¥, [cot0~ 4, fpoj

- 2(E.4,+E,A4,+E,4,)

/;w  = 

(5.834.23)

v where: ‘
Ac’ = area of concrete on ‘the flexural tension side of
. the member as shown in Figure 1 (in.%)
Ay = area of prestressing steel on the flexural tension
. side of the member, as shown in Figure 1 (in.)
| A,ﬁ = area of nonprestressed steel on the flexural

tension side of the member at the section under
consideration, as shown  in Figure 1. In
- calculating 4, for use in this equation, bars
which are terminated at a distance less than
their development length from the section
under consideration shall be ignored (in.?)

a parameter taken as modulus of elasticity of
prestressing tendons multiplied by the locked-
in difference in strain between the prestressing
tendons and the surrounding concrete (ksi). For
the usual levels of prestressing, a value of 0.7
Jou Will be appropriate for both pretensioned
and post-tensioned members

‘"N, = factored axial force, taken as positive if tensile

and negative if compressive (kip)
M, = vfactored moment, not to be taken less than v.d,

(kip-in.)

Vu = factored shear force (kip)




Determine d,,

Calculate V.. ;
- Check that Bv satisfies
Ean.5.8.3.3-2 -

Calculate shear stress
ratio v /f.' using Eqn.
| 5.8.2.8-1

If section is within the
transfer length of any
strands, then calculate
the effective value of
f.: else assume
fo=07,

Calculate €, using Eqn.
5.8.34.2-1,20r3

- Choose values of @

-and B-corresponding
| to next-largers, in
Table 1

=

v

| Determine transverse
reinforcement, V,, to.
ensure: -
V, <o(V, +V, +V,)
(Eqns. 5.8.2.1-2, 5.8.3.3-1)

Yes

Can longitudinal
reinforcement resist
required tension?
(T in Egn. 5.8.3.5-1)

No

Can transverse
/ reinforcement, \/,, be
increased thereby reducing
T, i.e. the longitudinal steel

reinforcement in Eqn.

]

Provide additional
longitudinal
reinforcement ‘

Figure C5.8.3.4.2-5 Flow Chart for Shear Design of Section
Containing at Least Minimum Transverse Reinforcement.




3. 8 3.5 Longitudinal Reinforcement

At each section the tensile capacity of the
longitudinal reinforcement on the flexural tension side
of the member shall be proportioned to satisfy:

Mu | N, u Vu | '
: Amfp‘fAs_f; Z%—d—)-+05—&)—+(-$-—lﬁ, "‘_0.51/;)001:9 . ' ’ -
| (5.8.3.5-1)
1; where:
v, = shear resistance v.provided by the transverse
reinforcement at the section under
investigation as given by Eq. 5.8.3.3-4,
except V, shall not be taken as greater than
0 = angle of inclination of diagonal

compressive stresses used in determining

the nominal shear resistance of the section

under investigation as determined by
. Article 5.8.3.4 (°) ~

resistance factors taken from Article
 5.5.4.2 as appropriate for moment, shear
and axial resistance

e

At the inside edge of the bearing area of simple end
supports to the section of critical shear, the longitudinal
reinforcement on the flexural tension side of the member -
shall satisfy: '

.
Af,+ A, 2 (747— 0.57, -7, )cote (5.83.5-2)

Eqs. 1 and 2 shall be taken to apply to sections not
subjected to torsion. Any lack of full development shall
be accounted for. :




5.8. 2 5 Mlmmum Transverse
| Remforcement

Except for segmental nost-tensroned concrete box -
girder bridges, -where transverse reinforcement is
- required, as speclﬁed in Artlcle 5.8.2.4, the area of steel ‘

shall satrsfy‘
4, > 00316 7 &2 (58251
' >. 'fy ~ » . ' _ ‘ . : - <o
where: .
A, = area of a transverse remforcement within ‘,

~ distance s (in. 2

bvl = width of web adjusted for the presence of ducts
as specified in Article 5.8.2.9 (in.)

s = spacing of transverse reinforcement (in.)

h = yleld strength of transverse reinforcement (ksi)

5. 8.2.7 Max1mum Spacing of
"~ Transverse Remforcement

The spacing of the transverse reinforcement shall
not exceed the maximum permitted spacmg,

Smaxs
determined as:
° va,,‘<0.125f’c, then: . ‘ :
S =0.84,$240i0.  (582.7-1) \
e Ifv,> 0.125f’c,vthen: |
Spe =04d, 12000 (58272)
where |
v,; = the shear stress calculated in accordance w1th

5829(ks1)

d, = effective shear depth as ‘defined in - Artlcle
5829¢( m)




5.8.4 Interface Shear Transfer —

Horrzontal Shear

The nominal shear re51stance of the 1nterface plane :

shall be taken as:
V. =cd, +p[,4,, /, +P]  (5.84.1-1)

The nominal shear resistance, V,, used in the design
shall not be greater than the lesser of:

V. <02f4,,o0r (5.8.4.1-2)
V. <084, (5.8.4.1-3) ’
where:
V, = nominal shear resistance (kip)
| Ay = area of concrete engaged in shear transfer (in.2)
Ava = area of shear reinforcement crossing the shear‘
plane (in.%) '
f, = Vyield strength of reinforcernen’t (ksi)
c = cohesron factor specified in Article 5.8,4.2 (ksi)
po= friction factor specified in Article 5.8.4.2
| P, = permanent net compressive force normal to the
shear plane; if force is tensile, P. = 0.0 (kip)
fo = speciﬁed 28-day COrnpressive strength of the

weaker concrete (ksi)

Reinforcement for interface shear between
concretes of slab and beams or girders may consist of
single bars, multiple leg stirrups, or the vertical legs of
welded wire fabric. The cross-sectional area, 4,5 of the
reinforcement per unit length cof the beam or girder

“should satisfy either that requlred by Eq. 1 or:

/

4,220 b (584.14)
where:
b, = W1dth of the mterface (in.) -

The minimum reinforcement reqmrement of Ay
may be waived if V,/A,, is less than 0 100 ksi.
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